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ABSTRACT: We report an efficient route to pyridine
derivatives via an FeCl;-catalyzed four-component nucleophilic
addition/intermolecular cyclization. This simple fragment
assembly strategy uses mild conditions and affords a broad
range of polysubstituted pyridines in moderate to good yield
from simple and readily available starting materials. A plausible
mechanism for this process is proposed.

P yridine derivatives are among the most important classes of
nitrogen-containing heterocycles; they are found in many
natural products, pharmaceutical agents, and functionalized
materials.' > These derivatives possess activity against a wide
varietz of patho§ens and illnesses, such as prions,4 hepatitis B
virus,” bacteria,” and cancer.” Recently, pyridine derivatives
have been proposed as potential therapies for Parkinson’s
disease, hypoxia, asthma, kidney disease, epilepsy, cancer, and
Creutzfeldt-Jakob disease.®*° During recent decades, facile
methods, such as the Chichibabin,"' Krohnke,'? Boger,13 and
Hantzsch reactions,'* have been developed for constructing the
pyridine framework. In consideration of efliciency, novel
synthetic methods under mild conditions are not only of
fundamental interest but are also needed for practical
applications."”> To date, typical methods include reductive
cyclizations, such as transition metal catalyzed [2 + 2+2]
cycloadditions,'® copper-catalyzed C—N bond cleavage in
aromatic methylamines,'” synergistic copper/iminium-catalyzed
[3 + 3] condensations,'”® and ZnO nanoparticle catalyzed
multicomponent reactions."”

Multicomponent reactions (MCRs) have gained tremendous
attention from medicinal and organic chemists because they
offer highly convergent routes to complex molecules. These
methods offer rapid and convergent construction of complex
molecules without isolation and purification of intermediates,
minimizing waste, effort, time, and cost.”® Thus, they can satisfy
the need for high-throughput screening of new bioactive
molecules with diverse scaffolds.”* Owing to their abundance,
affordability, and environmental friendliness, Fe**-based cata-
lytic MCRs have achieved popularity in promoting a broad
range of organic transformations. We previously reported an
efficient synthesis of functionalized coumarin derivatives via an
FeClj-catalyzed cascade reaction between salicylaldehydes and
activated methylene compounds.”> We expected this type of
MCR to be an effective route to pyridine derivatives; more
work should be conducted to test this possibility.
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During our ongoing studies on transition metal-mediated
synthesis of heterocyclic compounds, we found that pyridines
could be efficiently prepared using an iron catalyst under mild
reaction conditions. Herein, we report an eflicient synthetic
pathway to polysubstituted pyridines involving nucleophilic
addition/intermolecular cyclization catalyzed by FeCl; under
mild conditions in moderate to good yields (Scheme 1).

Scheme 1. Synthesis of Polysubstituted Pyridines via an
FeCl;-Catalyzed Four-Component Reaction
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Initially, 4-nitrobenzaldehyde (1b), malononitrile (2a), ethyl
acetoacetate (3a), and aniline (4a) served as model substrates
for optimization of the four-component reaction conditions;
results are given in Table 1. Transition metal catalysts, such as
FeCl;, NiCl,-6H,0, CuSO,, CuBr, and AgNO; were
examined first (Table 1, entries 2—6). Of these, FeCl; (15
mol %) was found to be the best catalyst, giving Sb in 80% yield
(Table 1, entry 2). In the absence of catalyst, only 35% yield
was obtained, even after 24 h (Table 1, entry 1). Further
screening of solvents showed that ethanol gave the best result
in comparison to DMF, toluene, acetonitrile, H,O, DMSO,
THF, and methanol (Table 1, entries 7—14). Here, the yield
could not be improved by increasing the amount of catalyst
(Table 1, entries 16, 17). While decreasing the amount of
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Table 1. Optimization of Reaction Conditions”

CN NO,
om@—cm + <
. CN Catalyst
2a Solvent o
o o o SN
Mg~ @NH: N | N@
3a 4a b
entry catalyst (mol %) solvent  temp./°C time/h yield/%"
1 — EtOH 70 24 35
2 FeCl, (15) EtOH 70 8 80
3 NiCl,6H,0 (15)  EtOH 70 8 62
4 CuSO, (15) EtOH 70 8 15
s CuBr, (15) EtOH 70 8 50
6 AgNO;, (15) EtOH 70 8 45
7 FeCl, (10) DMF 70 10 trace
8 FeCl, (10) Toluene 70 10 50
9 FeCl, (10) CH,CN 70 10 10
10 FeCl, (10) H,0 70 10 60
11 FeCl, (10) DMSO 70 10 trace
12 FeCl, (10) THF 70 10 40
13 FeCl, (10) CH,0H 70 10 80
14 FeCl (10) EtOH 70 10 81
15 FeCl, (5) EtOH 70 6 82
16  FeCl, (20) EtOH 70 6 79
17 FeCl (30) EtOH 70 6 79
18 FeCl, (3) EtOH rt 18 25
19 FeCl; (5) EtOH 50 10 72
20 FeCl, (5) EtOH 100 8 81
21 FeCly (5) EtOH 70 2 41
22 FeCl, (5) EtOH 70 5 80
23 FeCl, (5) EtOH 70 10 83
24 FeCl, (2) EtOH 70 18 57

“Reaction conditions: 4-nitrobenzaldehyde 1b (1.0 mmol), malononi-
trile 2a (1.0 mmol), ethyl acetoacetate 3a (1.0 mmol), aniline 4a (1.0
mmol), catalyst, solvent (3 mL). bIsolated yield.

catalyst to S mol %, the desired compound was still obtained in
82% comparable yield (Table 1, entry 15). However, the
product yield dropped to 57% when further decreasing the
catalyst loading to 2 mol % (Table 1, entry 24) after 18 h.
Moreover, decreasing or increasing the reaction temperature
was detrimental to the yield (Table 1, entries 18—20).
Therefore, the optimum reaction conditions giving an 82%
yield of the polysubstituted pyridine (5b) were S mol % of
FeCl;, 6 h reaction time, and 70 °C reaction temperature.

After the reaction conditions were optimized, the substrate
scope was examined with various aromatic aldehydes 1,
activated methylene compounds 2, and aromatic amines 4.
The results are summarized in Table 2.

Among various aromatic aldehydes 1 investigated, electron-
withdrawing groups (-NO,, -Cl, -Br) generally gave higher
yields (Table 2, entries 2, 4, S) than electron-donating groups
(-OCH,, -CH,;) (Table 2, entries 6, 7). It should be noted that
the positions of these substituents had an obvious effect on the
reaction. When aromatic aldehydes bearing ortho electron-
withdrawing groups (-NO,, -Br, -OCH,) were used, lower
yields were obtained (Table 2, entries 8—10). When ethyl a-
cyanoacetate (2b) was used as substrate, the reaction appeared
to be quite general with respect to malononitrile (2a), and the
desired products Sv, Sw, 5x, and Sy were obtained in 47%, 48%,
39%, and 38% vyields, respectively. Among various substituted

Table 2. FeCl;-Catalyzed Four-Component Reaction for the
Formation of Polysubstituted Pyridines”

§ CHO +
R/ <R

2

1 2 FeCl; (5mol%) R,
o o _ EtOH, 70 °C, 6h -~ >0 2/@
)J\/U\o/\ +R3QNH2 x
3a 4 5
yield/
entry R, R, R, product %"
1 H (1a) CN (2a) H (4a) Sa 75
2 4-NO, (1b) 2a 4a Sb 82
3 3-NO, (1¢) 2a 4a Sc 83
4 4C@1d) 2a 4a 5d 76
S 4-Br (1e) 2a 4a Se 75
6  4-CH, (1f) 2a 4a Sf 75
7 4-OCH, (1g) 2a 4a Sg 62
8 2-NO, (1h) 2a 4a Sh 70
9 2-Br (1i) 2a 4a Si 68
10 2-OCH, (1j) 2a 4a 5j 60
11 H(la) CN (2a) 4-CHj, (4b) Sk 78
12 4NO, (1b)  2a 4b sl 86
13 3-NO, (1¢) 2a 4b Sm 85
14 4Cl(1d) 2a 4b 5n 83
1S 4-Br (le) 2a 4b So 82
16  4-CH, (1f) 2a 4b Sp 81
17 2NO, (1h)  2a 4b 5q 80
18 24ClL (1k)  2a 4b S5r 72
19  3-NO, (1¢) 2a 3-NO, (4¢) Ss 52
20  4-Cl (1d) 2a 3-NO, (4¢) St 46
21 4-Br (1e) 2a 3-NO, (4¢) Su 45
22 4NO, (Ib)  COOEt (2b) 4a Sv 47
23 3-NO, (1c) 2b 4a Sw 48
24 4Cl(1d) 2b 4a 5x 39
25  4-Br (le) 2b 4a Sy 38

“Reaction conditions: aromatic aldehyde 1 (1.0 mmol), activated
methylene compound 2 (1.0 mmol), ethyl acetoacetate 3a (1.0 mmol),
aromatic amine 4 (1.0 mmol), FeCl; (5 mol %), ethanol (3 mL), 70
°C, 6 h. YIsolated yield.

aromatic amines 4 investigated, electron-donating groups
(Table 2, entries 13—15) gave higher yields than electron-
withdrawing groups (Table 2, entries 19—21). The chemical
structure of compound Sf was unequivocally confirmed by
single-crystal X-ray analysis as shown in Figure 1 in the
Supporting Information (SI).

To test the versatility of this reaction, the optimized
conditions were applied to other nucleophiles, such as ethanol
(Scheme 2) and ammonium chloride (Scheme 3). In
comparison with aromatic amines, when ethanol was used
(Scheme 2), the desired products 7a, 7b, and 7¢ were obtained
in 75%, 73%, and 68% yield, respectively.

Initial mechanistic studies indicated that an intermediate
formed after 3 h and gradually transformed to the
polysubstituted pyridine product. We isolated this intermediate
and found it to be 1,4-dihydropyridine 6 (Scheme 4). The
structure of intermediate 6a was confirmed by X-ray analysis as
shown in Figure 2 in the SI. Treatment of 6a with S mol %
FeCl; in ethanol afforded a polysubstituted pyridine in 85%
yield. However, ammonium chloride as substrate did not give
the desired product under these conditions (Scheme 2). In
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Scheme 2. Synthesis of 2-Alkoxy Pyridines via an FeCl;-
Catalyzed Four-Component Reaction between Aromatic
Aldehydes, Malononitrile, #-Ketoesters, And Ethanol

- CN

1 (2:: FeCl, (5mol%)
o o EtOH, 70 °C, 6h
A g+ cromon
3 7a: Ry = 4-NO,, R, = CH,

7b: Ry = 3-NO,, R, = CH;
7c: Ry = 4-NO,, R, = Ph

Scheme 3. Synthesis of 2-Amino-1,4-dihydropyridines via an
FeCl;-Catalyzed Four-Component Reaction between
Aromatic Aldehydes, Malononitrile, #-Ketoesters, And
Ammonium Chloride

- CN
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3a 7d: Ry = 4-NO,, Yield 65%
7e: Ry = 3-NO,, Yield 63%

contrast, the reaction stopped at the 1,4-dihydropyridines,
giving 7d and 7e in 65% and 63% yield, respectively, illustrating
that the conjugation effect of the aromatic ring bearing amino
group can promote the aromatization of 1,4-dihydropyridines
based on the planar structure of the compound 5f.

On the basis of previous studies*® and our experimental
results, a possible reaction mechanism is proposed in Scheme 4.
First, the intermediate A is produced by the Knoevenagel
condensation between aromatic aldehydes 1 and malononitrile
2a. Then, intermediate B is produced from Michael addition of
ethyl acetoacetate 3 on intermediate A. Subsequently, aromatic
amine 4 attacks B to form C, which isomerizes to D. Then,

intermediate 6 results from intermolecular cycloaddition with
loss of H,O from intermediate E, which is derived in turn from
D. Finally, FeCl;-oxidized aromatization of intermediate 6
furnishes the final product S.

In summary, we have developed a simple one-pot, four-
component nucleophilic addition/intermolecular cyclization
reaction using iron(I1I) chloride catalyst to give polysubstituted
pyridine derivatives. The advantages of this method include
mild conditions, environmentally friendly catalyst, and readily
available starting materials. No base or ligand is required, and
the reaction proceeds under air. This mild annulation strategy
may offer a protocol for synthesizing other N-heterocyclic
compounds of interest to medicinal chemists.

B EXPERIMENTAL SECTION

General Comments. Solvents were purified and dried by standard
procedures unless otherwise stated. Unless otherwise specified, all
reagents and starting materials were purchased from commercial
sources and used as received. Chromatography solvents were technical
grade, distilled prior to use. Flash chromatography was performed
using 200—300 mesh silica gel with the indicated solvent system using
standard techniques. 'H and *C NMR spectra were recorded at 300
and 400 MHz unless otherwise specified. Chemical shifts (5) in parts
per million are reported relative to the residual signals of chloroform
(7.26 ppm for 'H and 76.1 ppm for '*C). Multiplicities are described
as s (singlet), d (doublet), t (triplet), q (quartet), or m (multiplet);
coupling constants (J) are reported in Hz. HRMS analysis was
performed using a quadrupole time-of-flight mass spectrometer; mass/
charge (m/z) ratios are given in atomic mass units. IR spectra were
measured using dry films on KBr disks, and the peaks are reported in
wavenumber (cm™).

General Procedure for the Synthesis of Polysubstituted
Pyridines 5. To a stirred solution of 4-nitrobenzaldehyde 1b (0.151 g,
1 mmol), malononitrile 2a (0.066 g, 1 mmol), ethyl acetoacetate 3a
(0.130 g, 1 mmol), and aniline 4a (0.093 g, 1 mmol) in ethanol (3
mL) was added anhydrous FeCl; (0.080 g, 0.05 mmol). The mixture
was heated in an oil bath at 70 °C for 6 h and cooled to room
temperature. Solvent was removed under vacuum, and the residue was
purified by flash column chromatography on silica gel (200—300
mesh) with ethyl acetate and petroleum ether (1:10, v/v) as eluent to
afford the product Sb (0.329 g, 0.82 mmol) in 82% yield.

Scheme 4. Proposed Mechanism for the Formation of Pyridines via FeCl;-Catalyzed Four-Component Reactions
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Ethyl 5-Cyano-2-methyl-4-phenyl-6-(phenylamino)nicotinate
(5a). Petroleum ether/ethyl acetate 10:1, 75% yield (267 mg), white
solid; mp 205—206 °C. '"H NMR (300 MHz, CDCl,): § 7.65 (d, ] =
8.4 Hz, 2H), 7.43 (d, ] = 6.6 Hz, 3H), 7.31-7.36 (m, 4H), 7.08—7.17
(m, 1H), 391 (q, ] = 6.9 Hz, 2H), 2.55 (s, 3H), 0.82 (t, ] = 6.9 Hg,
3H) ppm; *C NMR (100 MHz, CDCLy): § 167.2, 160.3, 155.4, 154.0,
138.4, 135.9, 129.5, 128.9, 128.6, 128.4, 127.9, 126.4, 124.1, 120.7,
120.5, 115.8, 90.8, 61.3, 23.8, 13.4 ppm; IR (KBr) v: 3344, 2222, 1707,
1552, 1498, 1442, 1365, 1271, 1180, 1070, 748, 707 cm™"; HRMS
(ESI) caled for Cp,H; gN;0, ([M + H]") 358.155S, found 358.1553.

Ethyl 5-Cyano-2-methyl-4-(4-nitrophenyl)-6-(phenylamino)-
nicotinate (5b). Petroleum ether/ethyl acetate 10:1, 82% yield (329
mg), pale yellow solid; mp 220—221 °C. 'H NMR (300 MHz,
CDCL,): 5 8.31 (d, ] = 8.7 Hz, 2H), 7.63 (d, ] = 8.1 Hz, 2H), 7.53 (d, ]
= 8.7 Hz, 2H), 7.36 (t, ] = 7.5 Hz, 2H), 7.12—7.19 (m, 1H), 3.95 (q, J
= 6.9 Hz, 2H), 2.58 (s, 3H), 0.89 (t, ] = 6.9 Hz, 3H) ppm; *C NMR
(100 MHz, CDCl,): 6 166.3, 161.5, 155.3, 151.8, 148.4, 142.4, 137.9,
129.2, 129.0, 124.5, 123.8, 121.0, 119.6, 115.2, 90.3, 61.5, 24.2, 13.6
ppm; IR (KBr) v: 3327, 2222, 1712, 1606, 1556, 1514, 1496, 1444,
1350, 1278, 1184, 1008, 852, 748 cm™; HRMS (ESI) calcd for
Cp,HiN,O, ([M + H]") 403.1406, found 403.1406.

Ethyl 5-Cyano-2-methyl-4-(3-nitrophenyl)-6-(phenylamino)-
nicotinate (5c). Petroleum ether/ethyl acetate 8:1, 83% yield (332
mg), yellow solid; mp 198—200 °C. 'H NMR (300 MHz, CDCLy): §
8.35 (d, J = 7.2 Hz, 1H), 8.26 (s, 1H), 7.64—7.73 (m, 4H), 7.39 (t, ] =
7.8 Hz, 2H), 7.14—7.23 (m, 1H), 4.01 (q, ] = 6.9 Hz, 2H), 2.62 (s,
3H), 0.95 (t, ] = 6.9 Hz, 3H) ppm; C NMR (100 MHz, CDCL,): §
166.4, 162.7, 155.4, 151.4, 1482, 137.9, 134.1, 129.8, 124.5, 124.2,
1232, 121.1, 119.9, 115.2, 90.5, 61.6, 24.2, 13.6 ppm; IR (KBr) v:
3361, 2218, 1714, 1624, 1531, 1442, 1348, 1271, 1186, 898 cm™’;
HRMS (ESI) caled for C,,HgN,O, ([M + HJ]") 403.1406, found
403.1404.

Ethyl 4-(4-Chlorophenyl)-5-cyano-2-methyl-6-(phenylamino)-
nicotinate (5d). Petroleum ether/ethyl acetate 10:1, 76% yield (297
mg), yellow solid; mp 192—194 °C. '"H NMR (400 MHz, CDCLy): §
7.65 (d, J = 7.6 Hz, 2H), 7.46 (d, ] = 8.0 Hz, 2H), 7.37 (t, ] = 8.0 Hz,
2H), 7.32 (d, ] = 8.4 Hz, 2H), 7.23 (s, 1H), 7.14 (t, ] = 7.2 Hz, 1H)
ppm; C NMR (100 MHz, CDCL): § 167.0, 160.6, 155.4, 152.7,
138.2, 135.8, 134.3, 129.4, 129.0, 128.9, 124.2, 120.8, 120.3, 115.9,
90.6, 61.4, 23.9, 13.6 ppm; IR (KBr) v: 3331, 2216, 1714, 1598, 1556,
1442, 1365, 1278, 1180, 1089, 1016, 827 cm™'; HRMS (ESI) calcd for
C,H;sCIN;0, ([M + H]*) 392.1168, found 392.1165.

Ethyl 4-(4-Bromophenyl)-5-cyano-2-methyl-6-(phenylamino)-
1,4-dihydropyridine-3-carboxylate (5e). Petroleum ether/ethyl ac-
etate 10:1, 75% yield (326 mg), pale yellow solid; mp 176—178 °C. 'H
NMR (300 MHz, CDCly): § 7.55 (d, J = 8.7 Hz, 2H), 7.46 (d, ] = 8.7
Hz, 2H), 7.25 (t, ] = 5.4 Hz, 2H), 7.07—7.18 (m, 3H), 4.75 (s, 1H),
4.00 (q, ] = 6.9 Hz, 2H), 2.33 (s, 3H), 1.00 (t, ] = 6.9 Hz, 3H) ppm;
BC NMR (75 MHz, CDCL,): & 168.4, 155.3, 137.0, 136.8, 135.2,
134.7, 132.4, 131.7, 131.5, 130.1, 129.8, 126.6, 123.5, 122.9, 114.6,
113.3, 89.8, 60.0, 47.7, 43.6, 39.5, 30.9, 21.0, 14.0 ppm; IR (KBr) v:
3329, 2216, 1714, 1651, 1593, 1490, 1440, 1180, 1072, 1047, 1010,
906, 825, 732, 698 cm™*; HRMS (ESI) calcd for C,,H,,BrN;0, ([M +
H]*) 438.0817, found 438.0812.

Ethyl 5-Cyano-2-methyl-6-(phenylamino)-4-(p-tolyl)nicotinate
(5f). Petroleum ether/ethyl acetate 10:1, 75% yield (278 mg), white
solid; mp 211-212 °C. '"H NMR (300 MHz, CDCl,): § 7.64 (d, ] =
7.8 Hz, 2H), 7.33 (t, ] = 7.8 Hz, 2H), 7.17—7.23 (m, 4H), 7.07—7.12
(m, 1H), 3.97 (q, ] = 7.2 Hz, 2H), 2.53 (s, 3H), 2.36 (s, 3H), 0.87 (t, ]
= 7.5 Hz, 3H) ppm; *C NMR (100 MHz, CDCLy): § 167.4, 160.0,
159.7, 155.4, 154.1, 146.3, 139.6, 138.4, 132.9, 130.9, 130.3, 129.3,
128.9, 128.5, 127.9, 124.0, 120.7, 116.0, 90.9, 23.8, 21.3, 13.5 ppm; IR
(KBr) v: 3342, 2222, 1707, 1664, 1620, 1498, 1442, 1365, 1246, 1188,
815, 752 cm™; HRMS (ESI) caled for C,3H,N;0, ([M + HJ¥)
372.1712, found 372.1709.

Ethyl 5-Cyano-4-(4-methoxyphenyl)-2-methyl-6-(phenylamino)-
nicotinate (5g). Petroleum ether/ethyl acetate 10:1, 62% yield (239
mg), white solid; mp 179—180 °C. 'H NMR (300 MHz, CDCL,): §
7.67 (d, ] = 7.5 Hz, 2H), 7.30—7.39 (m, 4H), 7.10—7.19 (m, 1H), 6.99
(d, J = 8.1 Hz, 2H), 4.03 (q, ] = 7.5 Hz, 2H), 3.85 (s, 3H), 2.56 (s,

3H), 0.95 (t, ] = 7.5 Hz, 3H) ppm; 3C NMR (75 MHz, CDCL,): §
167.5, 160.6, 159.9, 155.4, 153.6, 138.3, 129.4, 128.9, 127.9, 123.9,
120.7, 120.6, 116.2, 114.0, 90.7, 61.4, 55.3, 23.8, 13.6 ppm; IR (KBr) v:
3317, 2220, 1712, 1598, 1554, 1521, 1442, 1363, 1276, 1253, 1176,
1083, 1028, 829 cm™'; HRMS (ESI) caled for Cp3H, N;0; ([M +
H]") 388.1661, found 388.1661.

Ethyl 5-Cyano-2-methyl-4-(2-nitrophenyl)-6-(phenylamino)-
nicotinate (5h). Petroleum ether/ethyl acetate 10:1, 70% yield (281
mg), brown solid; mp 187—189 °C. 'H NMR (300 MHz, CDClLy): §
8.35 (d, ] = 7.8 Hz, 1H), 7.71-7.81 (m, 4H), 7.44 (t, ] = 7.8 Hz, 2H),
7.33 (t,J = 7.8 Hz, 1H), 7.19—7.23 (m, 1H), 4.00 (q, J = 7.2 Hz, 2H),
2.72 (s, 3H), 0.93 (t, ] = 7.2 Hz, 3H) ppm; *C NMR (100 MHz,
CDCly): § 165.6, 162.7, 155.0, 152.9, 147.3, 138.0, 133.7, 132.1, 130.3,
129.0, 124.9, 124.4, 121.0, 117.7, 115.0, 91.0, 61.2, 25.0, 13.5 ppm; IR
(KBr) v: 3361, 2216, 1708, 1610, 1558, 1521, 1496, 1444, 1377, 1348,
1276, 1176, 1068, 1018, 794 cm™'; HRMS (ESI) caled for
C,HiN,O, ([M + H]*) 403.1406, found 403.1402.

Ethyl 4-(2-Bromophenyl)-5-cyano-2-methyl-6-(phenylamino)-
nicotinate (5i). Petroleum ether/ethyl acetate 10:1, 68% yield (295
mg), white solid; mp 125—127 °C. 'H NMR (300 MHz, CDCl,): §
7.68 (d, ] = 7.5 Hz, 2H), 7.34—7.42 (m, SH), 7.12—7.24 (m, 4H), 3.97
(g, J = 6.9 Hz, 2H), 2.66 (s, 3H), 0.86 (t, ] = 6.6 Hz, 3H) ppm; *C
NMR (75 MHz, CDCl,): § 166.1, 162.0, 155.0, 153.6, 138.1, 137.4,
132.8, 130.5, 129.4, 129.0, 127.4, 126.3, 124.2, 121.9, 120.7, 115.1,
91.8, 61.1, 24.6, 13.4 ppm; IR (KBr) v: 3334, 2223, 1714, 1658, 1602,
1496, 1444, 1363, 1244, 1182, 1056, 1024, 752 cm™'; HRMS (ESI)
caled for C,,H gBrN;O, ([M + HJ") 436.0660, found 436.0650.

Ethyl 5-Cyano-4-(2-methoxyphenyl)-2-methyl-6-(phenylamino)-
nicotinate (5j). Petroleum ether/ethyl acetate 10:1, 60% yield (232
mg), white solid; mp 151-153 °C. 'H NMR (300 MHz, CDCL,): §
7.68 (d, J = 8.1 Hz, 2H), 7.34—7.4S (m, 3H), 7.10-7.18 (m, 2H),
6.98—7.05 (m, 2H), 3.96 (q, ] = 6.9 Hz, 2H), 3.82 (s, 3H), 2.62 (s,
3H), 0.86 (t, ] = 7.5 Hz, 3H) ppm; C NMR (75 MHz, CDCL;): §
166.9, 160.8, 156.0, 155.2, 151.8, 138.4, 130.9, 129.3, 128.9, 125.1,
123.8, 120.7, 120.6, 120.5, 115.9, 111.1, 92.2, 61.0, 55.6, 24.2, 13.4
ppm; IR (KBr) v: 3340, 2222, 1726, 1606, 1558, 1494, 1442, 1377,
1267, 1242, 1163, 1066, 1022, 759 cm™'. HRMS (ESI) caled for
Cy3H, N;0; ([M + H]*) 388.1661, found 388.1662.

Ethyl 5-Cyano-2-methyl-4-phenyl-6-(p-tolylamino)nicotinate
(5k). Petroleum ether/ethyl acetate 12:1, 78% yield (289 mg), white
solid; mp 141—142 °C. '"H NMR (300 MHz, CDCly): 6 7.54 (d, ] =
9.0 Hz, 2H), 7.45—7.47 (m, 3H), 7.35 (d, ] = 9.6 Hz, 2H), 7.16 (d, ] =
8.1 Hz, 2H), 3.96 (q, ] = 7.5 Hz, 2H), 2.57 (s, 3H), 2.35 (s, 3H), 0.85
(t, J = 7.8 Hz, 3H) ppm; *C NMR (75 MHz, CDCl,): § 167.3, 160.4,
155.5, 153.9, 136.0, 135.6, 133.8, 129.9, 129.5, 129.4, 128.6, 127.9,
126.1, 121.0, 120.1, 116.0, 90.4, 61.3, 23.9, 20.9, 13.4 ppm; IR (KBr) v:
3331, 2220, 1712, 1604, 1556, 1516, 1452, 1365, 1278, 1180, 1082,
813 cm™'; HRMS (ESI) caled for C,3H,N;0, ([M + H]Y) 372.1712,
found 372.1709.

Ethyl 5-Cyano-2-methyl-4-(4-nitrophenyl)-6-(p-tolylamino)-
nicotinate (5l). Petroleum ether/ethyl acetate 16:1, 86% yield (357
mg), brown solid; mp 163—164 °C. 'H NMR (300 MHz, CDCLy): §
8.36 (d, ] = 8.1 Hz, 2H), 7.56 (d, ] = 9.0 Hz, 2H), 7.53 (d, ] = 8.4 Hz,
2H,), 7.21 (d, ] = 8.4 Hz, 2H), 4.01 (q, ] = 6.9 Hz, 2H), 2.61 (s, 3H),
2.36 (s, 3H), 0.93 (t, ] = 7.5 Hz, 3H) ppm; 3C NMR (75 MHz,
CDCly): 6 166.3, 153.1, 147.0, 146.7, 144.0, 136.1, 133.7, 130.7, 127.9,
123.9, 123.5, 120.1, 102.5, 60.2, 20.8, 19.6, 14.1 ppm; IR (KBr) v:
3273, 2181, 1654, 1608, 1508, 1479, 1344, 1267, 1186, 1109, 1068,
1006, 848, 827 cm™; HRMS (ESI) calcd for C,3H,0NaN,O, ([M +
Na]*) 439.1388, found 439.1382.

Ethyl 5-Cyano-2-methyl-4-(3-nitrophenyl)-6-(p-tolylamino)-
nicotinate (5m). Petroleum ether/ethyl acetate 16:1, 85% yield (353
mg), white solid; mp 181—182 °C. 'H NMR (300 MHz, CDCL): §
8.32—8.36 (m, 1H), 8.25 (s, 1H), 7.49—7.72 (m, 2H), 7.49 (d, ] = 8.4
Hz, 2H), 7.20 (d, ] = 8.1 Hz, 2H), 4.02 (q, ] = 6.9 Hz, 2H), 2.60 (s,
3H), 2.35 (s, 3H), 0.95 (t, J = 6.6 Hz, 3H) ppm; *C NMR (75 MHz,
CDCL): 6 166.4, 161.5, 155.5, 151.4, 148.1, 137.6, 135.2, 134.3, 134.1,
129.8, 129.5, 124.2, 123.2, 121.3, 119.6, 115.3, 90.2, 61.5, 24.3, 20.9,
13.6 ppm; IR (KBr) v: 3332, 2214, 1714, 1560, 1535, 1348, 1273,
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1022, 813, 713 cm™*; HRMS (ESI) calcd for C,,H,(N,0, ([M + H]*)
417.1563, found 417.1561.

Ethyl 4-(4-Chlorophenyl)-5-cyano-2-methyl-6-(p-tolylamino)-
nicotinate (5n). Petroleum ether/ethyl acetate 16:1, 83% yield (336
mg), pale yellow solid; mp 198—200 °C. 'H NMR (300 MHz,
CDCly): §7.52 (d, ] = 8.4 Hz, 2H), 7.48 (d, ] = 8.4 Hz, 2H), 7.32 (d, ]
= 6.6 Hz, 2H), 7.19 (d, ] = 8.1 Hz, 2H), 4.01 (q, ] = 6.9 Hz, 2H), 2.56
(s, 3H), 2.35 (s, 3H), 0.94 (t, ] = 6.9 Hz, 3H) ppm; *C NMR (75
MHz, CDCL,): § 167.0, 160.7, 155.5, 152.7, 135.7, 135.5, 134.3, 134.0,
129.5, 129.3, 128.9, 121.1, 119.9, 115.7, 90.2, 61.4, 23.9, 20.8, 13.5
ppm; IR (KBr) v: 3325, 2222, 1710, 1610, 1573, 1552, 1514, 1452,
1373, 1280, 1182, 1082, 1018, 835, 815 cm™'; HRMS (ESI) calcd for
Cy;H,,CIN;0, ([M + H]") 406.1322, found 406.1322.

Ethyl 4-(4-Bromophenyl)-5-cyano-2-methyl-6-(p-tolylamino)-
nicotinate (50). Petroleum ether/ethyl acetate 16:1, 82% yield (368
mg), pale yellow solid; mp 166—168 °C. 'H NMR (300 MHz,
CDCly): 6 7.61 (d, ] = 8.1 Hz, 2H), 7.52 (d, J = 8.1 Hz, 2H), 7.15—
7.24 (m, SH), 4.01 (q, J = 7.2 Hz, 2H), 2.56 (s, 3H), 2.35 (s, 3H), 0.94
(t, J = 6.9 Hz, 3H) ppm; 3C NMR (75 MHz, CDCl,): § 167.0, 160.7,
155.5, 152.7, 135.4, 134.8, 134.0, 132.4, 132.0, 131.8, 131.3, 129.9,
129.6, 129.5, 123.9, 121.1, 119.8, 115.8, 90.1, 61.4, 24.0, 20.9, 13.5
ppm; IR (KBr) v: 3323, 2222, 1708, 1662, 1610, 1552, 1512, 1490,
1454, 1367, 1282, 1219, 1182, 1012, 817 cm™; HRMS (ESI) calcd for
C,3H,BrN;0, ([M + H]*) 450.0817, found 450.0819.

Ethyl 5-Cyano-2-methyl-4-(p-tolyl)-6-(p-tolylamino)nicotinate
(5p). Petroleum ether/ethyl acetate 16:1, 81% yield (311 mg), pale
yellow solid; mp 163—165 °C. '"H NMR (300 MHz, CDCL;): § 7.53
(d, J = 8.4 Hz, 2H), 7.25 (d, ] = 8.4 Hz, 2H), 7.18 (d, ] = 8.1 Hz, 2H),
7.15 (d, ] = 6.6 Hz, 2H), 4.00 (q, ] = 6.9 Hz, 2H), 2.55 (s, 3H), 2.40
(s, 3H), 2.34 (s, 3H), 091 (t, J = 7.2 Hz, 3H) ppm; *C NMR (75
MHz, CDCL,): § 167.4, 160.1, 155.6, 154.0, 139.5, 135.7, 133.7, 133.0,
129.4, 129.2, 127.8, 126.0, 121.0, 120.3, 119.7, 116.1, 90.5, 61.2, 23.8,
21.3,20.8, 13.5 ppm; IR (KBr) v: 3327, 2222, 1718, 1614, 1556, 1512,
1456, 1413, 1375, 1271, 1176, 1072, 815 cm™; HRMS (ESI) calcd for
C,,H,3N;0, ([M + H]*) 386.1868, found 386.1869.

Ethyl 5-Cyano-2-methyl-4-(2-nitrophenyl)-6-(p-tolylamino)-
nicotinate (5q). Petroleum ether/ethyl acetate 16:1, 80% yield (333
mg), brown solid; mp 162—164 °C. '"H NMR (300 MHz, CDClLy): §
8.27—8.30 (m, 1H), 7.63—7.76 (m, 2H), 7.52 (d, ] = 8.4 Hz, 2H),
7.28—7.31 (m, 1H), 7.21 (d, ] = 8.1 Hz, 2H), 3.94 (q, J = 7.2 Hz, 2H),
2.65 (s, 3H), 2.36 (s, 3H), 0.88 (t, J = 7.2 Hz, 3H) ppm; *C NMR (75
MHz, CDCL,): § 165.8, 162.8, 155.1, 153.0, 147.4, 135.3, 134.2, 133.7,
1322, 130.2, 129.5, 124.8, 121.3, 117.7, 115.0, 90.6, 61.2, 25.1, 20.9,
13.4 ppm; IR (KBr) v: 3406, 2216, 1710, 1606, 1556, 1512, 1450,
1342, 1278, 1261, 1178, 817, 796 cm™; HRMS (ESI) caled for
Cy3H,oN,O, ([M + H]*) 417.1563, found 417.1559.

Ethyl 5-Cyano-4-(2,4-dichlorophenyl)-2-methyl-6-(p-tolylamino)-
nicotinate (5r). Petroleum ether/ethyl acetate 16:1, 72% yield (316
mg), pale yellow solid; mp 135—137 °C. 'H NMR (300 MHz,
CDCly): § 7.51-7.54 (m, 2H), 7.33—7.37 (m, 1H), 7.15—=7.20 (m,
4H), 4.02 (q, J = 7.2 Hz, 2H), 2.64 (s, 3H), 2.36 (s, 3H), 0.95 (t, ] =
7.2 Hz, 3H) ppm; *C NMR (75 MHz, CDCL,): § 165.9, 162.3, 155.3,
1512, 135.8, 135.3, 134.1, 134.0, 133.3, 130.3, 130.1, 129.6, 129.5,
127.2, 121.2, 115.0, 91.3, 61.2, 24.7, 20.9, 13.5 ppm; IR (KBr) v: 3329,
2225, 1720, 1618, 1562, 1510, 1454, 1363, 1273, 1176, 1083, 1055,
812 cm™; HRMS (ESI) caled for C,H,;yCLN;O, ([M + HJ]¥)
440.0932, found 440.0930.

Ethyl 5-Cyano-2-methyl-4-(3-nitrophenyl)-6-((3-nitrophenyl)-
amino)nicotinate (5s). Petroleum ether/ethyl acetate 8:1, 52% yield
(243 mg), yellow solid; mp 191-193 °C. 'H NMR (300 MHyg,
CDCly): 6 8.87 (s, 1H), 8.36 (s, 1H), 8.26 (s, 1H), 7.99—8.02 (m,
1H), 7.83—7.85 (m, 1H), 7.70=7.72 (m, 1H), 7.47—7.56 (m, 2H),
4.06 (q, ] = 6.9 Hz, 2H), 2.67 (s, 3H), 0.98 (t, ] = 7.5 Hz, 3H) ppmy;
BC NMR (75 MHz, CDCL): § 166.0, 161.3, 154.7, 151.5, 148.7,
148.1, 139.2, 137.0, 134.0, 129.9, 129.6, 126.0, 124.4, 123.2, 121.5,
118.7,115.6, 114.8,91.3, 61.8, 24.1, 13.6 ppm; IR (KBr) v: 3350, 2233,
1732, 1612, 1556, 1525, 1479, 1438, 1348, 1273, 1184, 815, 738 cm™;
HRMS (ESI) caled for Cp,H;,NsO4 ([M + Na]*) 470.1076, found
470.1074.

Ethyl 4-(4-Chlorophenyl)-5-cyano-2-methyl-6-((3-nitrophenyl)-
amino)nicotinate (5t). Petroleum ether/ethyl acetate 8:1, 46% yield
(200 mg), yellow solid; mp 145—146 °C. 'H NMR (300 MHpg,
CDCLy): § 8.87 (s, 1H), 7.96—7.99 (m, 1H), 7.81-7.84 (m, 1H),
7.43—7.54 (m, 3H), 7.33 (d, ] = 8.7 Hz, 2H), 4.05 (q, ] = 7.5 Hz, 2H),
2.63 (s, 3H), 0.97 (t, ] = 7.2 Hz, 3H) ppm; C NMR (75 MHz,
CDCL,): § 166.6, 160.5, 154.7, 152.8, 148.7, 139.5, 136.1, 133.8, 129.6,
129.5, 129.3, 129.0, 125.8, 121.6, 118.4, 115.3, 115.2, 91.4, 61.6, 23.8,
13.5 ppm; IR (KBr) v: 3346, 2220, 1716, 1612, 1552, 1523, 1483,
1348, 1282, 1182, 1095, 879, 819 cm™; HRMS (ESI) calcd for
C,,H,,CIN,O, ([M + H]*) 437.1016, found 437.1017.

Ethyl 4-(4-Bromophenyl)-5-cyano-2-methyl-6-((3-nitrophenyl)-
amino)nicotinate (5u). Petroleum ether/ethyl acetate 8:1, 45% yield
(216 mg), yellow solid; mp 188—190 °C. 'H NMR (300 MHpg,
CDCly): & 8.88 (s, 1H), 7.96—8.00 (m, 1H), 7.80—7.84 (m, 1H),
7.61-7.64 (m, 1H), 7.55 (d, ] = 8.4 Hz, 2H), 7.27 (d, ] = 8.4 Hz, 2H),
4.05 (q, ] = 7.2 Hz, 2H), 2.64 (s, 3H), 0.97 (t, ] = 7.2 Hz, 3H) ppm;
BC NMR (100 MHz, CDCL,): § 166.6, 160.6, 154.8, 152.9, 148.7,
139.5, 134.3, 132.5, 132.0, 131.8, 131.4, 131.3, 129.6, 125.8, 124.3,
121.6, 118.5, 115.4, 91.4, 61.7, 23.8, 13.6 ppm; IR (KBr) v: 3344, 2220,
1716, 1612, 1550, 1523, 1483, 1350, 1282, 1182, 1074, 1014, 879, 819
cm™'; HRMS (ESI) caled for C,,H,,BrN,O, ([M + H]*) 481.0511,
found 481.0510.

Diethyl 2-Methyl-4-(4-nitrophenyl)-6-(phenylamino)pyridine-3,5-
dicarboxylate (5v). Petroleum ether/ethyl acetate 10:1, 47% yield
(211 mg), white solid; mp 165—166 °C. 'H NMR (300 MHpz,
CDCLy): 6 8.17 (d, ] = 8.4 Hz, 2H), 7.56 (d, J = 9.0 Hz, 2H), 7.43—
747 (m, 3H), 7.12 (d, ] = 6.6 Hz, 2H), 4.14 (q, ] = 7.2 Hz, 4H), 2.0§
(s, 3H), 1.23 (t, ] = 6.9 Hz, 3H) ppm; *C NMR (75 MHz, CDCl,): §
167.5, 154.5, 148.1, 146.6, 140.0, 130.0, 129.6, 129.0, 128.9, 128.3,
124.4,123.4, 115.2, 104.7, 85.9, 60.2, 18.8, 14.2, 14.0 ppm; IR (KBr) v:
2981, 1702, 1648, 1583, 1556, 1348, 1282, 1182, 1153, 1078, 1044,
845 cm™'; HRMS (ESI) caled for C,,H,3N;04 ([M + H]Y) 450.1665,
found 450.1667.

Diethyl 2-Methyl-4-(3-nitrophenyl)-6-(phenylamino)pyridine-3,5-
dicarboxylate (5w). Petroleum ether/ethyl acetate 10:1, 48% yield
(215 mg), white solid; mp 161-162 °C. 'H NMR (300 MHpz,
CDCL,): 6 8.32 (s, 1H), 8.06 (d, ] = 7.8 Hz, 1H), 7.75 (d, ] = 7.5 Hz,
1H), 7.43—7.51 (m, SH), 7.23 (d, ] = 6.6 Hz, 2H), 5.17 (s, 1H), 4.13
(g, J = 7.2 Hz, 4H), 2.07 (s, 3H), 1.24 (t, ] = 7.2 Hz, 3H) ppm; °C
NMR (75 MHz, CDCL,): § 167.5, 149.5, 148.2, 140.0, 134.0, 130.1,
129.7, 129.4, 129.1, 128.9, 128.6, 124.2, 122.7, 121.4, 117.8, 105.0,
60.2, 39.1, 18.8, 14.2 ppm; IR (KBr) v: 2976, 1693, 1637, 1573, 1521,
1346, 1278, 1201, 1143, 1083, 1024, 810 cm™; HRMS (ESI) calcd for
C,4H,3N;04 ([M + H]*) 450.1668, found 450.1665.

Diethyl 4-(4-Chlorophenyl)-2-cyano-6-(phenylamino)pyridine-
3,5-dicarboxylate (5x). Petroleum ether/ethyl acetate 10:1, 39%
yield (175 mg), white solid; mp 189—190 °C. 'H NMR (300 MHz,
CDCly): 6 7.35 (d, ] = 8.1 Hz, 2H), 7.18—7.22 (m, 2H), 7.18-7.32
(m, SH), 7.13 (d, J = 8.4 Hz, 2H), 4.27 (q, ] = 8.1 Hz, 2H), 3.96 (q, ]
= 7.2 Hz, 2H), 1.28 (t, ] = 7.2 Hz, 3H), 0.95 (t, ] = 6.9 Hz, 3H) ppm;
BC NMR (75 MHz, CDCl;): § 168.8, 166.3, 156.6, 138.8, 138.5,
135.7, 134.2, 133.6, 131.0, 130.5, 129.3, 128.7, 128.3, 126.4, 126.1,
117.4,91.1, 62.9, 59.6, 13.9 ppm; IR (KBr) v: 2928, 1746, 1662, 1608,
1593, 1562, 1493, 1444, 1241, 1128, 10626, 1014, 842 cm™'; HRMS
(ESI) caled for C,,H,;CIN,0, ([M + H]") 450.1220, found 450.1218.

Diethyl 4-(4-Bromophenyl)-2-methyl-6-(phenylamino)pyridine-
3,5-dicarboxylate (5y). Petroleum ether/ethyl acetate 10:1, 38%
yield (183 mg), white solid; mp 246—247 °C. 'H NMR (300 MHg,
CDCly): 6 7.51 (d, ] = 8.4 Hz, 2H), 7.37 (d, ] = 6.6 Hz, 2H), 7.18—
7.32 (m, 3H), 7.07 (d, ] = 8.4 Hz, 2H), 4.62 (s, 1H, NH), 429 (q, ] =
7.5 Hz, 2H), 3.97 (q, ] = 6.9 Hz, 2H), 2.16 (s, 3H), 1.28 (t, ] = 6.6 Hz,
3H), 0.95 (t, ] = 7.2 Hz, 3H) ppm; C NMR (75 MHz, CDCL,): §
168.8, 166.2, 156.6, 139.3, 138.5, 136.2, 131.6, 131.4, 131.2, 130.9,
129.3, 126.4, 126.1, 122.4, 121.9, 117.4, 91.0, 62.9, 59.6, 30.5, 13.9
ppm; IR (KBr) v: 2924, 1745, 1651, 1606, 1593, 1579, 1492, 1433,
1240, 1122, 1056, 1010, 840 cm™'; HRMS (ESI) caled for
C,H,3BrN,O, ([M + H]") 483.0919, found 483.0922.

Ethyl 5-Cyano-2-methyl-4-(4-nitrophenyl)-6-(phenylamino)-1,4-
dihydropyridine-3-carboxylate (6a). Petroleum ether/ethyl acetate
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10:1, 85% yield (343 mg), pale yellow solid; mp 198—200 °C. 'H
NMR (300 MHz, CDCl,): § 8.18 (d, J = 8.7 Hz, 2H), 7.38—7.44 (m,
4H), 7.07 (d, ] = 7.8 Hz, 2H), 6.33—6.36 (m, 1H), 6.01 (s, 1H), 4.81
(s, 1H), 4.06 (q, ] = 7.2 Hz, 2H), 2.35 (s, 3H), 1.14 (t, ] = 7.2 Hz, 3H)
ppm; *C NMR (75 MHz, CDCL;): § 165.3, 152.0, 145.9, 145.5, 143.1,
135.9, 129.3, 127.0, 124.9, 123.1, 121.8, 118.9, 101.7, 64.0, 59.4, 39.7,
18.7,13.2 ppm; IR (KBr) v: 3284, 3220, 2185, 1651, 1598, 1475, 1346,
1271, 1238, 1105, 1064, 825 cm™; HRMS (ESI) caled for
Cy,H,N,O, ([M + H]*) 405.1563, found 405.1562.

Ethyl 5-Cyano-2-methyl-6-(phenylamino)-4-(p-tolyl)-1,4-dihy-
dropyridine-3-carboxylate (6b). Petroleum ether/ethyl acetate 16:1,
78% yield (290 mg), white solid; mp 167—168 °C. '"H NMR (300
MHz, CDCLy): § 7.29—7.34 (m, 2H), 7.23 (d, ] = 7.5 Hz, 2H), 7.17 (d,
J =7.5 Hz, 2H), 7.05—7.13 (m, 3H), 4.73 (s, 1H), 3.96 (q, ] = 7.2 Hz,
2H), 2.33 (s, 3H), 2.24 (s, 3H), 0.95 (t, ] = 7.2 Hz, 3H) ppm; *C
NMR (75 MHz, CDCly): § 167.8, 154.1, 138.2, 137.4, 134.0, 132.2,
128.9, 128.8, 128.5, 128.2, 127.1, 125.5, 125.4, 114.4, 112.9, 90.2, 58.9,
47.1, 38.5, 30.3, 20.3, 13.0 ppm; HRMS (ESI) calcd for C,3H,3N;0,
([M + H]") 374.1868, found 374.1867.

Ethyl 5-Cyano-6-ethoxy-2-methyl-4-(4-nitrophenyl)nicotinate
(7a). Petroleum ether/ethyl acetate 10:1, 75% yield (266 mg), yellow
solid; mp 150—152 °C. '"H NMR (300 MHz, CDCly): § 8.38 (d, J =
8.7 Hz, 2H), 7.58 (d, ] = 8.7 Hz, 2H), 4.62 (q, ] = 7.2 Hz, 2H), 4.06
(g J = 7.5 Hz, 2H), 2.64 (s, 3H), 1.49 (t, ] = 7.2 Hz, 3H), 0.98 (t, ] =
7.2 Hz, 3H) ppm; *C NMR (75 MHz, CDCl,): § 166.3, 163.5, 160.3,
152.7, 148.3, 141.6, 129.3, 128.6, 123.8, 123.6, 122.1, 113.8, 93.7, 64.1,
61.8,23.7, 14.3, 13.6 ppm; IR (KBr) v: 2216, 1716, 1656, 1564, 1456,
1298, 1269, 1043, 1004, 702 cm™'; HRMS (ESI) caled for
C1sH;N;05 ([M + H]") 356.1246, found 356.1244.

Ethyl 5-Cyano-6-ethoxy-2-methyl-4-(3-nitrophenyl)nicotinate
(7b). Petroleum ether/ethyl acetate 10:1, 73% yield (259 mg), white
solid; mp 78—80 °C. 'H NMR (300 MHz, CDCl,): § 8.31—8.35 (m,
1H), 8.23 (s, 1H), 7.64—7.72 (m, 2H), 4.59 (q, ] = 7.2 Hz, 2H), 4.04
(q,J = 7.2 Hz, 2H), 2.60 (s, 3H), 1.45 (t, ] = 7.2 Hz, 3H), 0.97 (t, ] =
7.5 Hz, 3H) ppm; *C NMR (75 MHz, CDCl,): § 166.3, 163.5, 160.2,
152.3, 148.1, 136.7, 134.2, 129.8, 124.3, 123.2, 122.4, 113.8, 94.1, 64.0,
61.8,23.7, 14.3, 13.6 ppm; IR (KBr) v: 2233, 1720, 1556, 1512, 1444,
1350, 1273, 1157, 1095, 1022, 825, 740, 702 cm™; HRMS (ESI) calcd
for C;gH;N;04 ([M + H]*) 356.1246, found 356.1244.

Ethyl 5-Cyano-6-ethoxy-4-(4-nitrophenyl)-2-phenylnicotinate
(7¢). Petroleum ether/ethyl acetate 10:1, 68% yield (283 mg), pale
yellow solid; mp 162—163 °C. 'H NMR (300 MHz, CDCL;): § 8.35
(d, J = 8.1 Hz, 2H), 7.62—7.64 (m, 2H), 7.57 (d, ] = 8.4 Hz, 2H),
7.45—7.47 (m, 3H), 4.66 (q, ] = 6.9 Hz, 2H), 3.88 (q, ] = 7.2 Hz, 2H,),
149 (t, ] = 6.9 Hz, 3H), 0.82 (t, ] = 7.2 Hz, 3H) ppm; *C NMR (75
MHz, CDCL,): § 166.5, 163.4, 158.9, 153.4, 148.5, 141.0, 138.0, 130.5,
1302, 129.5, 129.0, 128.7, 128.5, 128.4, 123.8, 122.2, 113.7, 94.9, 64.3,
61.9, 14.3, 13.3 ppm; IR (KBr) v: 2229, 1720, 1550, 1519, 1350, 1247,
1141, 1014, 862, 690 cm™; HRMS (ESI) calcd for C,3;H;oN,O¢ ([M +
H]*) 418.1403, found 418.1402.

Ethyl 6-Amino-5-cyano-2-methyl-4-(4-nitrophenyl)-1,4-dihydro-
pyridine-3-carboxylate (7d). Petroleum ether/ethyl acetate 10:1,
65% yield (213 mg), yellow solid; mp 151153 °C. 'H NMR (300
MHz, CDCl,): § 8.18 (d, ] = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H),
4.63 (s, 2H), 4.55 (s, 1H), 4.04 (q, ] = 7.2 Hz, 2H), 2.40 (s, 3H), 1.09
(t, J = 6.9 Hz, 3H) ppm; *C NMR (75 MHz, CDCl,): § 165.2, 158.0,
157.6, 151.0, 147.0, 128.4, 124.0, 118.3, 106.7, 61.0, 38.7, 18.6, 13.9
ppm; IR (KBr) v: 3402, 3328, 2198, 1689, 1649, 1608, 1517, 1346,
1211, 1174, 1060, 858, 738 cm™'; HRMS (ESI) calcd for C;¢H,4N,O,
([M + HJ]") 329.1249, found 329.1250.

Ethyl 6-Amino-5-cyano-2-methyl-4-(3-nitrophenyl)-1,4-dihydro-
pyridine-3-carboxylate (7e). Petroleum ether/ethyl acetate 10:1,
63% yield (206 mg), yellow solid; mp 158—159 °C. 'H NMR (300
MHz, CDCl,): § 8.11 (d, J = 9.3 Hz, 1H), 8.04 (s, 1H), 7.59 (d, ] = 7.8
Hz, 1H), 7.48 (d, ] = 7.8 Hz, 1H), 4.63 (s, 2H), 4.57 (s, 1H), 4.05 (q, ]
= 6.9 Hz, 2H), 2.40 (s, 3H), 1.11 (t, ] = 7.2 Hz, 3H) ppm; *C NMR
(75 MHz, CDCly): § 165.2, 157.9, 157.7, 148.5, 146.0, 134.0, 133.9,
129.5, 122.5, 122.4, 106.9, 60.9, 38.7, 18.6, 13.9 ppm; IR (KBr) v:
3404, 3325, 2250, 1707, 1625, 1471, 1433, 1155, 1049, 1024, 842, 761

cm™!; HRMS (ESI) caled for C;¢H(N,O, ([M + HJ*) 329.1249,
found 329.1251.

B ASSOCIATED CONTENT

© Supporting Information

Spectral data for all compounds and crystallographic data of
compound Sf and 6a. This material is available free of charge
via the Internet at http://pubs.acs.org.

H AUTHOR INFORMATION

Corresponding Author
*Tel:+86-553-5910129. Fax: +86-553-5910126. E-mail: shyj@
mail.ahnu.edu.cn

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was supported by the National Natural Science
Foundation of China (No. 21172001, 21372008), the Program
for the NCET (NCET-10-0004), and the Anhui Provincial
Natural Science Foundation (No. 1308085QB39).

B REFERENCES

(1) Xin, X.-Y.; Wang, D.-P,; Li, X.-C.; Wan, B.-S. Tetrahedron 2013,
69, 10245—10248.

(2) O’Hagan, D. Nat. Prod. Rep. 2000, 17, 435—446.

(3) Lee, S;; Rao, B. A,; Son, Y.-A. Sens. Actuators, B: Chem. 2014, 196,
388—397.

(4) Perrier, V.; Wallace, A. C.; Kaneko, K; Safar, J.; Prusiner, S. B.;
Cohen, F. E. Proc. Natl. Acad. Sci. U.S.A. 2000, 97, 6073.

(S) Chen H.; Zhang W.; Tam R; Raney A. K. PCT Int. Appl. WO
2005058315A120050630, 200S5.

(6) Levy S. B,; Alekshun M. N.; Podlogar B. L.; Ohemeng K.; Verma
A. K; Warchol T.; Bhatia B.; Bowser T.; Grier M. U.S. Patent Appl.
2005124678A120050609, 200S5.

(7) Anderson D. R;; Stehle N. W.; Kolodziej S. A.; Reinhard E. J.
PCT Int. Appl. WO 2004055015A1 20040701, 2004.

(8) Reddy, T. R. K; Mutter, R.; Heal, W.; Guo, K; Gillet, V. J.; Pratt,
S.; Chen, B. J. Med. Chem. 2006, 49, 607.

(9) Fredholm, B. B.; ljzerman, A. P.; Jacobson, K. A.; Klotz, K. N;
Linden. J. Pharmacol. Rev. 2001, 53, 527.

(10) Guo, K;; Mutter, R; Heal, W.; Reddy, T. R. K; Cope, H.; Pratt,
S.; Thompson, M. J; Chen, B. Eur. J. Med. Chem. 2008, 43, 93.

(11) Chichibabin, A. E. J. Russ. Phys. Chem. Soc. 1906, 37, 1229.

(12) (a) Zecher, W.; Krohnke, F. Chem. Ber. 1961, 94, 690—697.
(b) Krohnke, F.; Zecher, W. Angew. Chem. 1962, 74, 811—817.

(13) Boger, D. L;; Panek, J. S. J. Org. Chem. 1981, 46, 2179—2182.

(14) Hantzsch, A. Justus Liebigs Ann. Chem. 1882, 215, 1—83.

(15) (a) Goutham, K.; Nagaraju, V.; Suresh, S.; Raghavaiah, P.;
Karunakar, G. V. RSC Adv. 2014, 4, 21054—21059. (b) Lee, H.; Sim,
Y.-K; Park, J-W,; Jun, C.-H. Chem.—Eur. ]. 2014, 20, 323—333.
(c) Behbehani, H.; Ibrahim, H. M. Tetrahedron 2013, 69, 10535—
10543.

(16) (a) Satoh, Y.; Obora, Y. J. Org. Chem. 2013, 78, 7771—7776.
(b) Murayama, K.; Sawada, Y.; Noguchi, K.; Tanaka, K. J. Org. Chem.
2013, 78, 6202—6210. (c) Kase, K; Goswani, A.; Ohtaki, K.; Tanabe,
E; Saino, N; Okamoto, S. Org. Lett. 2007, 9, 931. (d) Onodera, G;
Shimizu, Y.; Kimura, J.; Kobayashi, J.; Ebihara, Y.; Kondo, K.; Sakata,
K.; Takeuchi, R. J. Am. Chem. Soc. 2012, 134, 10515. (e) Kumar, P.;
Prescher, S.; Louie, J. Angew. Chem., Int. Ed. 2011, 50, 10694.
(f) Wang, C; Li, X.; Wu, F.; Wan, B. Angew. Chem,, Int. Ed. 2011, S0,
7162.

(17) Huang, H-W,; Ji, X.-C.; Wu, W.-Q.; Huang, L.-B.; Jiang, H.-F. J.
Org. Chem. 2013, 78, 3774—3782.

(18) Wei, Y.; Yoshikai, N. J. Am. Chem. Soc. 2013, 135, 3756—3759.

dx.doi.org/10.1021/j05014383 | J. Org. Chem. XXXX, XXX, XXX—XXX


http://pubs.acs.org
mailto:shyj@mail.ahnu.edu.cn
mailto:shyj@mail.ahnu.edu.cn

The Journal of Organic Chemistry

(19) Siddiqui, Z. N.; Ahmed, N.; Farooq, F.; Khan, K. Tetrahedron
Lett. 2013, 54, 3599—3604.

(20) (a) Maiti, S.; Biswas, S.; Jana, U. J. Org. Chem. 2010, 75, 1674—
1683. (b) Tour e, B. B,; Hall, D. G. Chem. Rev. 2009, 109, 4439—
4486. (c) Gu, Y. L. Green Chem. 2012, 14, 2091—2128. (d) Démling,
A.; Ugi, 1. Angew. Chem., Int. Ed. 2000, 112, 3168—3210. (e) Gers, C.
F.; Nordmann, J.; Kumru, C.; Frank, W.; Miiller, T. J. J. . Org. Chem.
2014, 79, 3296—3310.

(21) (a) Maiti, B.; Chanda, K.; Selvaraju, M.; Tseng, C.-C.; Sun, C.-
M. ACS Comb. Sci. 2013, 15, 291—297. (b) Ganem, B. Acc. Chem. Res.
2009, 42, 463—472. (c) Isambert, N.; Duque, M. M. S.; Plaquevent, J.
C.; Génisson, Y.; Rodriguez, J.; Constantieux, T. Chem. Soc. Rev. 2011,
40, 1347—1357. (d) Bhattacharya, A. K; Rana, K. C.; Raut, D. S;
Mhaindarkar, V. P.; Khan, M. L. Org. Biomol. Chem. 2011, 9, 5407—
5413.

(22) (a) Hatakeyama, T.; Imayoshi, R.; Yoshimoto, Y.; Ghorai, S. K;;
Jin, M,; Takaya, H.; Norisuye, K; Sohrin, Y.; Nakamura, M. J. Am.
Chem. Soc. 2012, 134, 20262—20265. (b) Nguyen, T. B.; Ermolenko,
L.; Al-Mourabit, A. ]. Am. Chem. Soc. 2013, 135, 118—121. (c) Li, W.-
J; Zheng, X.J; Li, Z-P. Adv. Synth. Catal. 2013, 355, 181—190.
(d) Sengoden, M.; Punniyamurthy, T. Angew. Chem., Int. Ed. 2013, 52,
572—575. (e) Sengupta, T.; Gayen, K. S,; Pandit, P.; Maiti, D. K.
Chem.—Eur. J. 2012, 18, 1905—1909. (f) Zhu, S.-F.; Xiao, Y.-L.; Guo,
Z.].; Jiang, H.-F. Org. Lett. 2013, 1§, 898—901. (g) Becerra-Figueroa,
L; Ojeda-Porras, A.;; Gamba-Sanchez, D. J. Org. Chem. 2014, 79,
4544—4552.

(23) He, X.-W.; Yan, Z.-L; Hu, X.-Q,; Zuo, Y,; Jiang, C,; Jin, L,;
Shang, Y.-J. Synth. Commun. 2014, 44, 1507—1514.

(24) (a) Maiti, S.; Biswas, S.; Jana, U. J. Org. Chem. 2010, 75, 1674—
1683. (b) Liu, L.; Sarkisian, R.; Deng, Y.; Wang, H. J. Org. Chem. 2013,
78, 5751—5755. (c) Shi, F; Tan, W.; Zhu, R.-Y.; Xing, G.-J.; Tu, S.-].
Adv. Synth. Catal. 2013, 355, 1605—1622.

dx.doi.org/10.1021/j05014383 | J. Org. Chem. XXXX, XXX, XXX—XXX



