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a b s t r a c t

VilsmeiereHaack reaction of b-ketoaldehydes leads to the formation of b-chloroenones and these
chloroenones on treatment with malononitrile afford 2-hydroxy-5,6-diarylnicotinonitriles. But a one-pot
reaction of b-ketoaldehydes with VilsmeiereHaack reagent and malononitrile or cyanoacetamide results
in the formation of 2-chloro-5,6-diarylnicotinonitriles in good yields.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Diarylnicotinonitriles form an important class of organic com-
pounds and these kinds of molecules possess important biological
properties.1 Anti-inflammatory, analgesic, antimicrobial, and anti-
pyretic properties of these compounds have already been reported.2

A variety of chalcones were reported as important starting materials
for the synthesis of 4,6-diarylnicotinonitriles.3 There are reports on
one-pot synthesis of diarylnicotinonitriles, but poor substrate se-
lection, lower yield, and lack of selectivity of the product were the
problems associated with the method.4 Many 5,6-
diarylnicotinonitriles were synthesized using deoxybenzoins as the
staring materials, but the method required long hauling work and
theyields of diarylnicotinonitriles derived fromdeoxybenzoinswere
very low.5 Our investigations on the VilsmeiereHaack reaction6,7 of
b-ketoaldehydes led to the development of an alternate facile
method for the synthesis of b-chloroenones, which could be effec-
tively transformed into 2-oxo/2-hydroxy-5,6-diarylnicotinonitriles
and 2-chloro-5,6-diarylnicotinonitriles in good yields.
es, Mahatma Gandhi Univer-
, India. Tel.: þ91 481 2731036;
yahoo.com (K.S. Devaky).
b-Ketoaldehydes, synthesized from chalcones, were treated
with VilsmeiereHaack reagent to form b-chloroenones.8 These b-
chloroenones on treatment with malononitrile in the presence of
ammonium acetate and acetic acid afforded 2-hydroxy-5,6-
diarylnicotinonitriles in good yields. Further b-ketoaldehydes,
could be treated with malononitrile under VilsmeiereHaack con-
dition to synthesize 2-chloro-5,6-diarylnicotinonitriles. These se-
ries of reactions led to a novel facile method for the synthesis of b-
chloroenones, 2-hydroxy-5,6-diarylnicotinonitriles, and 2-chloro-
5,6-diarylnicotinonitriles in good yields. The results of the in-
vestigations are the topic of discussion of the paper.
2. Results and discussion

Ducker et al. have reported the reaction of b-ketoaldehydes with
malononitrile/cyanoacetamide in the presence of sodium hydrox-
ide to afford 2-pyridone derivatives.9 However, the competing
deformylation reactions of b-ketoaldehydes under basic conditions
deteriorate the potential of the reaction as a valuable synthetic
method. As per earlier reports on the synthesis of chalcones and
chalcone aldehydes, a series of 1,3-diarylpropenones and 3-oxo-
2,3-diarylpropanals were synthesized.10 We tried an alternate
method in which b-ketoaldehydes could be easily transformed into
b-chloroenones under VilsmeiereHaack condition and from these
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chloroenones 2-oxo/2-hydroxypyridines were synthesized in ex-
cellent yields. In a pilot experiment 3-oxo-2,3-diphenylpropanal 1a
was treated with 1.5 equiv of VilsmeiereHaack reagent at room
temperature(30 �C) forming 3-chloro-1,2-diphenyl-2-propen-1-
one 2a. The reaction was monitored by TLC and was found to be
completed within 20 h with a yield of 94%. The product 2awas then
treated with malononitrile in the presence of ammonium acetate
and acetic acid at 78 �C for 8 h to form 2-oxo/2-hydroxy-5,6-
diphenylnicotinonitrile 3a(Scheme 1).
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Scheme 1. Synthesis of 2-hydroxy-5,6-diarylnicotinonitriles.
1H NMR spectroscopic analyses showed that the product 3a
formed in this reaction is an equilibrium mixture of 2-
hydroxypyridine/2-pyridone tautomers. The reaction is general
and other 3-oxo-2,3-diarylpropanals 1bei were converted to 3-
chloro-1,2-diaryl-2-propen-1-ones 2aei and 2-hydroxy/2-oxo-
5,6-diarylnicotinonitriles 3bei (Table 1).
Table 1
Synthesis of 3-chloro-1,2-diaryl-2-propen-1-ones 2ai and 5,6-diaryl-2-hydroxyni
cotinonitriles 3aei

2, 3 R1 R2 Yield

2 3

a H H 94 85
b Br H 92 75
c 4-OCH3 H 95 82
d 4-Cl H 93 88
e 4-CH3 H 92 78
f 4-Cl 2-Cl 91 82
g H 2-Cl 91 77
h 4-CH3 4-OCH3 95 71
i H 4-OCH3 95 90
IR spectrum of 2a exhibited absorption bands due to carbonyl
group at 1670 cm�1 and CeCl stretching at 694 cm�1. The (Mþ2)
peak at m/z 244 and molecular ion peak at m/z 242 in the GCeMS
spectrum indicate the formation of 2a. 1H NMR and 13C NMR
spectra of 2a revealed that a mixture of both E and Z isomers are
formed in certain cases in the reaction, but for the derivatives 2f, 2g,
and 2h only one isomer is formed. The reason for favoring only one
isomer in certain cases may be due to some stereoelectronic or
steric factors and it is beyond the scope of the investigations. In the
1H NMR spectrum of 2a the vinylic hydrogen appeared twice at
d 6.76 and d 7.01 and 16 aromatic protons were appeared as
a multiplet between d 7.33 and 7.59. The remaining four hydrogen
atoms were observed at d 7.79 and d 8.01 as two doublets. In the 1H
decoupled 13C NMR spectrum of 2a the peaks corresponding to the
vinylic carbon atoms were present at d 137.1 and 143.0 and the
carbonyl carbon atoms at d 193.9 and 194.8.

1H NMR spectroscopic analyses showed that the product 3a
formed in this reaction is an equilibrium mixture of 2-
hydroxypyridine/2-pyridone tautomers. The reaction is general to
other 3-oxo-2,3-diarylpropanals 1bei to get 3-chloro-1,2-diaryl-2-
propen-1-ones 2aei and 2-hydroxy/2-oxo-5,6-diarylnicotin
onitriles 3bei (Table 1). In the FTIR spectrum of 2-hydroxy-5,6-
diphenylnicotinonitrile 3a showed the OeH stretching at
3463 cm�1 and the aromatic CeH stretching at 3284 cm�1. The C]
C stretching and C]N stretching were observed at 1627 and
1645 cm�1, respectively. Elemental analysis results also support the
formation of 3a.

1H NMR and 13C NMR spectral analysis showed that in solution
5,6-diphenyl-2-hydroxynicotinonitrile 3a exists in a pyr-
idoneepyridol equilibrium, which is a general property of 2-
pyridones.11 In the 1H NMR (DMSO-d6) spectrum there was a broad
singlet of two protons at d 6.87, which disappeared in D2O indicating
the presence of NH and OH protons, which are D2O exchangeable.
The peaks at d 7.82 and 7.92 correspond the CH of the heterocyclic
ring. Other aromatic protons resonated in the d 6.98e7.32 ppm re-
gion as multiplets with an integration of 20 protons. In the 13C NMR
spectrum signals at d 160.4 (C]O), and 157.7 ppm (CeOH),115.8 and
115.5 (CN) also indicate the existence of pyridoneepyridol equilib-
rium. However, the single crystal X-ray analysis of both compounds
3a and 3i showed that in solid state they exist as 2-hydroxy-5,6-
diarylnicotinonitrile and two neighboring molecules are bound to-
gether with intermolecular hydrogen bonding between adjacent
hydroxypyridine moieties (NeHeO) (Figs. 1 and 2). In 2-hydroxy-5-
(4-methoxyphenyl)-6-phenylnicotinonitrile 3i an interaction be-
tween nitrile nitrogen (N1) and pyridine ring hydrogen (H9)was also
observed, which may be due to weak polar interactions between
methoxy group and aromatic stacking interaction (Fig. 2b). The OeH
bond lengths in 3a and 3i are 0.821�A and 0.820�A respectively.

The mechanism for the formation of 2-hydroxy-5,6-
diarylnicotinonitriles 3 from 3-oxo-2,3-diarylpropanal 1 via 3-
chloro-1,2-diphenyl-2-propen-1-one 2 can be explained as follows.

Addition of VilsmeiereHaack reagent to 3-oxo-2,3-
diarylpropanal 1 forms an iminoalkylated intermediate 4 fol-
lowed by elimination of one molecule of DMF resulting in the for-
mation of b-chloroenone 2. Michael reaction of 2 with
malononitrile gives the adduct 5 and which undergoes subsequent
cyclization and aromatization to afford nicotinonitrile 3
(Scheme 2).

b-Chloroenone 2 was treated with cyanoacetamide under sim-
ilar conditions, but no 2-hydroxypyiridine derivative could be
isolated.

In an earlier report we had shown that enones or enolizable
ketones undergo condensation with malononitrile under Vils-
meiereHaack reaction condition, followed by in situ cyclization and
aromatization to form2-chloronicotinonitriles.6 In light of the above
reaction, 3-oxo-2,3-diphenylpropanal 1a was treated with Vils-
meiereHaack reagent at room temperature for 20 h followed by
addition of malononitrile/cyanoacetamide. The temperature was
elevated to 70 �C and the reaction was continued for another 3 h to
get 2-chloro-5,6-diphenylnicotinonitrile 7a in 55% and 70% yield,
respectively (Scheme 3, Table 2). The formation of product 7a was
via chloroenone intermediate 2. The reactionwas extended to other
3-oxo-2,3-diarylpropanals 1bee to get 2-chloro-5,6-diarylnicotin
onitrile 7aee in good yields.

Apparently, under theVilsmeiereHaack reaction condition, the3-
oxo-2,3-diphenylpropanal 1a reacted with malononitrile or



Fig. 1. . a. Ortep diagram of 2-hydroxy-5,6-diphenylnicotinonitrile 3a. b. Three-dimensional arrays of 2-hydroxy-5,6-diphenylnicotinonitrile 3i in its crystal lattice.

Fig. 2. . a. Ortep diagram of 2-hydroxy-5-(4-methoxyphenyl)-6-phenylnicotinonitrile 3i. b. Three-dimensional arrays of 2-hydroxy-5-(4-methoxyphenyl)-6-phenylnicotinonitrile 3i
in its crystal lattice.
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Scheme 2. Plausible mechanism for the formation of 2-hydroxy-5,6-
diarylnicotinonitriles 3.

Table 2
Synthesis of 2-chloro-5,6-diarylnicotinonitrile 7 from 3-oxo-2,3-diphenylpropanal 1
and malononitrile/cyanoacetamide

7 R1 R2 Yields (%)

Malononitrile Cyanoacetamide

a H H 55 70
b 4-Cl H 35 77
c 4-OMe H 45 80
d 4-Br H 36 90
e 4-CH3 4-OMe 12 67
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cyanoacetamide to get 5, which was in situ cyclized and aromatized
in the presence of chloromethyleneiminium salt (VilsmeiereHaack
reagent) present in the medium to afford 2-chloro-5,6-
diarylnicotinonitriles 7aee (Scheme 4). The yields of 7 obtained
from malononitrile were low when compared to cyanoacetamide.
Malononitrile may react with excess Vilsmeier reagent (VR) present
in the medium thereby lowering the yield. Reactivity of cyanoace-
tamide toward VR is less.
Scheme 3. Synthesis of 2-chloro-5,6-diarylnicotinonitrile 7aee.

Scheme 4. Plausible mechanism for the formation of 2-chloro-5,6-
diarylnicotinonitriles 7aee.
In conclusion the VilsmeiereHaack reaction of b-ketoaldehydes
resulted in the formation of b-chloroenones, which could be easily
transformed into 2-hydroxy-5,6-diarylnicotinonitriles, while re-
action of b-ketoaldehydes with malononitrile or cyanoacetamide
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under VilsmeiereHaack reaction condition resulted in the forma-
tion of 2-chloro-5,6-diarylnicotinonitriles.

3. Experimental

Melting points were determined on a Buchi 530 melting point
apparatus and were uncorrected. The IR spectra were recorded as
KBr pellets on a Shimadzu IR-470 spectrometer and the frequencies
are reported in cm�1. The 1H NMR spectra were recorded on
a Brucker WM 400 (400 MHz) spectrometer using TMS as internal
standard and CDCl3 and DMSO-d6 as solvents. The 13C NMR spectra
were recorded on a Brucker WM 400 (400 MHz) spectrometer
using CDCl3 or DMSO-d6 as solvent. The Electron Impact Mass
spectra were obtained on a GCeMS-Shimadzu 5050 model in-
strument. The CHN analyses were done on an ElementarVario EL III
Carlo Erba 1108 instrument. The X-ray single crystal analysis was
done on Bruker AXS SMART APEX single crystal X-ray diffractom-
eter. All reagents were commercially available and were purified
before use. Anhydrous sodium sulfate was used as drying agent. All
purified compounds gave a single spot upon TLC analyses on silica
gel 7GF using ethyl acetateehexane mixture as eluent. Iodine vapor
or KMnO4 solution in water was used as developing agent for TLC.

3.1. General procedure for the synthesis of 3-chloro-1,2-
diaryl-2-propen-1-ones 2aei

The VilsmeiereHaack reagent was prepared by mixing DMF
(8 mL, 100 mmol) and POCl3 (1.4 mL, 15 mmol) at 0 �C followed by
stirring at room temperature for 15 min. To the VilsmeiereHaack
reagent, appropriate 2-oxo-1,2-diarylpropanal 1 (10 mmol) was
added and the solution was stirred at room temperature for 20 h.
The reaction mixture was poured into ice-cold K2CO3 solution and
extracted with ethyl acetate (3�20 mL). The organic layer was
washed with water, dried on anhydrous sodium sulfate, and the
solvent was removed by distillation. The crude reaction mixture
was purified by column chromatography (60e120 mesh) using
hexane/ethyl acetate (97:3) as the eluent.

3.1.1. 3-Chloro-1,2-diphenyl-2-propen-1-one 2a. Yellow viscous
liquid, yield¼94% (2.28 g); IR (KBr, ymax)¼3062, 3031, 1670, 1581,
694 cm�1; 1H NMR (400 MHz, CDCl3) d¼6.76 (1H, s, vinylic), 7.01
(1H, s, vinylic), 7.33e7.58 (16H, m, ArH), 7.81 (2H, d, J¼7.2 Hz, ArH),
8.01 (2H, d, J¼6.8 Hz, ArH); 13C NMR (400 MHz, CDCl3) d¼117.3
(vinylic), 126.0, 128.4, 128.5, 128.6, 128.7, 128.8, 128.9, 129.0, 129.2,
129.7, 129.8, 129.98, 131.2, 132.9, 133.5, 134.0, 137.1 (vinylic), 143.0
(vinylic),193.9 (CO),194.8 (CO) ppm; GCeMSm/z (%) 244 (Mþ2,19),
242 (Mþ,56), 207 (56), 209 (10), 178 (100). Anal. Calcd for
C15H11ClO: C, 74.23; H, 4.57. Found: C, 74.31; H, 4.59.

3.1.2. 1-(4-Bromophenyl)-3-chloro-2-phenyl-2-propen-1-one
2b. Yellow viscous liquid, yield¼92% (2.96 g); (KBr, ymax)¼3062,
3028, 1662, 1585, 698 cm�1; 1H NMR (400 MHz, CDCl3) d¼6.75 (1H,
s, vinylic), 7.03 (1H, s, vinylic), 7.31e7.39 (5H, m, ArH), 7.51e7.65
(9H, m, ArH), 7.83 (4H, d, J¼10 Hz, ArH); 13C NMR (400 MHz, CDCl3)
d¼96.0, 117.5 (vinylic), 125.9, 128.01, 128.4, 128.6, 128.9, 129.0, 129.1,
129.4, 129.8, 130.9, 131.2, 131.7, 132.2, 133.1, 134.1, 134.1, 135.7 (vi-
nylic), 142.7 (vinylic), 192.3 (CO), 193.2 (CO) ppm; GCeMS m/z (%)
324 ((Mþ4), 2), 322 (Mþ2, 10), 320 (Mþ, 8), 287 (15), 289 (10), 183
(98), 185 (97), 155 (40), 157 (35), 241 (10), 243 (8), 102 (100). Anal.
Calcd for C15H10BrClO: C, 56.02; H, 3.13. Found: C, 55.9; H, 3.20.

3.1.3. 3-Chloro-1-(4-methoxyphenyl)-2-phenyl-2-propen-1-one
2c. Yellow viscous liquid, yield¼95% (2.59 g); (KBr, ymax)¼3066,
1670, 1604, 713 cm�1; 1H NMR (400 MHz, CDCl3) d¼3.78 (3H, s,
OMe), 3.81 (3H, s, OMe), 6.66 (1H, s, vinylic), 6.91e6.93 (3H, m,
vinylic and ArH), 6.85 (2H, d, J¼8.8 Hz, ArH), 7.27 (2H, d, J¼10.4 Hz,
ArH), 7.37e7.58 (8H, m, ArH), 7.79 (2H, d, J¼8.4 Hz, ArH), 7.99 (2H,
d, J¼7.2 Hz, ArH); 13C NMR (400 MHz, CDCl3) d¼55.2 (OMe), 55.3
(OMe), 113.9, 114.5, 115.3 (vinylic), 125.7, 126.9, 127.3, 128.5, 128.9,
129.7, 129.8, 130.6, 132.9, 134.0, 135.4, 137.2, 142.5 (vinylic), 142.7
(vinylic), 159.6 (aromatic), 160.1 (aromatic), 194.3 (CO), 195.1
(CO) ppm; GCeMS m/z (%) 274 ((Mþ2), 3), 272 (Mþ, 10), 237 (17),
209 (23), 132 (100). Anal. Calcd for C16H13ClO2: C, 70.46; H, 4.80.
Found: C, 70.50; H, 4.90.

3.1.4. 3-Chloro-1-(4-chlorophenyl)-2-phenyl-2-propen-1-one
2d. Yellow viscous liquid, yield¼93% (2.58 g); (KBr, ymax)¼3066,
3031,1662,1581, 705 cm�1; 1H NMR (400MHz, CDCl3) d¼6.56 (1H, s,
vinylic), 7.04 (1H, s, vinylic), 7.16e7.58 (14H, m, ArH), 7.79 (4H, d,
J¼7.2 Hz, ArH); 13C NMR (400 MHz, CDCl3) d¼117.1 (vinylic), 128.6,
128.7, 129.3, 129.8, 130.7, 131.0, 131.8, 133.1, 134.6, 137.0, 142.0 (vi-
nylic), 193.6 (CO) ppm; GCeMSm/z (%) 280 ((Mþ4), 2), 278 ((Mþ2),
20), 276 (Mþ, 32), 241 (56), 212 (5), 139 (100), 141 (29), 139 (100).
Anal. Calcd for C15H10Cl2O: C, 65.01; H, 3.64. Found: C, 65.02; H, 3.70.

3.1.5. 3-Chloro-1-(4-methylphenyl)-2-phenyl-2-propen-1-one
2e. Yellow viscous liquid, yield¼92% (2.36 g); (KBr, ymax)¼3058,
3028,1674,1604, 698 cm�1; 1H NMR (400MHz, CDCl3) d¼2.38 (3H, s,
CH3), 2.41 (3H, s, CH3), 6.75 (1H, s, vinylic), 6.96 (1H, s, vinylic),
7.18e7.47 (14H,m, ArH), 7.72 (2H, d, J¼8 Hz, ArH), 7.91 (2H, d, J¼8 Hz,
ArH); 13C NMR (400 MHz, CDCl3) d¼21.2 (CH3), 115.3 (vinylic), 116.7
(vinylic), 126.0, 128.1, 128.2, 128.9, 129.8, 133.4, 134.1, 143.7 (vinylic),
142.8 (vinylic), 193.0 (CO) 193.9 (CO) ppm; GCeMS m/z (%) 258
(Mþ2, 3), 256 (Mþ, 7), 221 (58),193 (7),119 (100), 91 (65). Anal. Calcd
for C16H13ClO: C, 74.85; H, 5.10. Found: C, 74.90; H, 5.17.

3.1.6. 3-Chloro-2-(2-chlorophenyl)-1-(4-chlorophenyl)-2-propen-1-
one 2f. Yellow viscous liquid, yield¼91% (2.84 g); IR (KBr, ymax)¼
3085, 3060; 1660, 1587, 765 cm�1; 1H NMR (400 MHz, CDCl3)
d¼7.19 (1H, s, vinylic), 7.30e7.43 (6H, m, ArH), 7.78 (1H, d, J¼6, ArH),
7.80 (1H, d, J¼5, ArH); 13C NMR (400 MHz, CDCl3) d¼96.2, 126.8,
128.82, 129.7, 130.2, 131.1, 131.9, 132.9, 133.1, 135.1, 135.6, 139.3
(vinylic), 141.8 (vinylic), 191 (CO) ppm; GCeMSm/z (%) 312 ((Mþ2),
1), 310 (Mþ, 1), 275 (65), 277 (43), 246 (6), 212 (8),176 (4),139 (100),
141 (30), 115 (15), 111 (50). Anal. Calcd for C15H9Cl3O: C, 57.82; H,
2.91. Found: C, 57.91; H, 3.01.

3.1.7. 3-Chloro-2-(2-chlorophenyl)-1-phenyl-2-propen-1-one
2g. Yellow viscous liquid, yield¼91% (2.52 g); IR (KBr, ymax)¼3066,
3037, 1658, 1596, 694 cm�1; 1H NMR (400 MHz, CDCl3) d¼6.82 (1H,
s, vinylic), 7.26 (1H, br, ArH), 7.21 (2H, m, ArH), 7.35e7.49 (5H, m,
ArH), 7.86 (1H, d, J¼6.8, ArH); 13C NMR (400 MHz, CDCl3) d¼126.8,
128.5, 128.7, 129.6, 129.7, 130.1, 130.2, 131.2, 131.8, 132.7, 133.1, 135.5,
137.4 (vinylic), 188.5 (CO) ppm; GCeMSm/z (%) 278 ((Mþ2), 1), 276
(Mþ, 2), 243 (35), 207 (7), 241 (100), 105 (77), 77 (79). Anal. Calcd
for C15H10Cl2O: C, 65.01; H, 3.64. Found: C, 65.2; H, 3.65.

3.1.8. 3-Chloro-2-(4-methoxyphenyl)-1-(4-methylphenyl)-2-propen-
1-one 2h. Yellow viscous liquid, yield¼95% (2.72 g); IR (KBr, ymax)¼
3008, 3035, 1666, 1606, 771 cm�1; 1H NMR (400 MHz, CDCl3)
d¼2.45 (3H, s, CH3), 3.85 (3H, s, OMe), 6.97 (2H, d, J¼8.7 Hz, ArH),
7.22e7.30 (4H, m, ArH), 7.46 (2H, d, J¼8.1 Hz, ArH), 6.74 (1H, s, vi-
nylic); 13C NMR (400MHz, CDCl3) d¼21.4 (methyl), 55.0 (OMe), 96.1,
113.6 (vinylic), 126.0, 129.2, 130.2, 131.2, 133.1, 139.9, 141.2 (vinylic),
154.7, 159.4, 189.9 (carbonyl) ppm; GCeMSm/z (%) 288 ((Mþ2), 11),
286 (Mþ, 31), 271 (17), 251 (13), 222 (17), 178 (16), 179 (12),119 (37),
135 (100). Anal. Calcd for C17H15ClO2: C, 71.20; H, 5.27. Found: C,
71.28; H, 5.31.

3.1.9. 3-Chloro-2-(4-methoxyphenyl)-1-phenyl-2-propen-1-one
2i. Yellow viscous liquid, yield¼95% (2.59 g); IR (KBr, ymax)¼3055,
1666, 1555, 702 cm�1; 1H NMR (400 MHz, CDCl3) d¼3.76 (3H, s,
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OMe), 3.79 (3H, s, OMe), 6.76 (1H, s, vinylic), 6.85e6.99 (5H, m,
vinylic and aromatic), 7.24e7.58 (8H, m, ArH), 7.82 (4H, d, J¼8.4 Hz,
ArH), 7.99 (2H, d, J¼8 Hz, ArH); 13C NMR (400 MHz, CDCl3) d¼54.4
(OMe), 55.3 (OMe), 110.7, 114.4 (vinylic), 114.8 (vinylic), 115.1, 117.6,
118.6, 121.6, 128.5, 128.6, 128.9, 129.4, 129.7, 129.8, 130.2, 133.0,
134.1, 134.8, 137.1, 143.0 (vinylic), 143.2 (vinylic), 159.5, 160.0, 193.8
(CO), 194.7 (CO) ppm; GCeMS m/z (%) 274 ((Mþ2), 1), 272 (Mþ, 4),
237 (18), 209 (23), 105 (100), 77 (56). Anal. Calcd for C16H13ClO2: C,
70.46; H, 4.80. Found: C, 70.52; H, 4.91.

3.2. General procedure for the synthesis of 5,6-diaryl-2-
hydroxynicotinonitriles3aei

Appropriate 3-chloro-1,2-diaryl-2-propen-1-one 2aei (5 mmol)
was treated with malononitrile (660 mg, 10 mmol) in the presence
of ammonium acetate (5 mmol) and acetic acid (2 mL) at 78 �C. The
reaction was monitored by TLC. After 8 h the reaction was com-
pleted and the reaction mixture was cooled and poured into ice-
cold water. The product was extracted with chloroform (25�3),
dried over anhydrous sodium sulfate, and the chloroform layer was
distilled off to get the crude product, which was purified by column
chromatography over 60e120 mesh silica gel using ethyl acetate/
hexane (1:9) as eluent.

3.2.1. 2-Hydroxy-5,6-diphenylnicotinonitrile 3a. Pale yellow crys-
tals; mp, 182e184 �C; yield, 85% (1.16 g); IR (KBr, ymax)¼3463, 3452,
3155, 2216, 1645, 1627 cm�1; 1H NMR (400 MHz, DMSO) d¼6.87
(2H, br, NH and OH), 6.97e7.00 (4H, m, ArH), 7.07e7.11 (4H, m,
ArH), 7.14e7.17 (6H, m, ArH), 7.21e7.32 (6H, m, ArH), 7.82 (1H, s,
pyridine C(4)eH), 7.93 (1H, s, pyridine C(4)eH); 1H NMR (400MHz,
DMSO-d6, D2O exchange) 6.98e7.01 (3H, m, ArH), 7.09e7.11 (2H, M,
ArH), 7.16e7.17 (5H, m, ArH), 7.24e7.34 (9H, m, ArH), 7.81 (1H, s,
pyridine C(4)eH), 7.92 (1H, s, pyridine C(4)eH); 13C NMR
(400 MHz, CDCl3) d¼160.3 (CO), 157.7, 150.8, 149.4, 143.5, 138.9,
138.0, 136.4, 131.9, 129.6, 129.6, 129.4, 128.8, 128.8, 128.4, 128.3,
128.2, 128.0, 127.2, 126.8, 116.6, 115.8 (CN), 115.5 (CN), 99.1, 96.4,
89.9 ppm; GCeMS m/z (%) 272 (Mþ,12), 271 (74), 270 (100), 253
(14), 226 (21), 135 (25), 140 (9), 121 (14), 94 (11), 77 (13). Anal. Calcd
for C18H12N2O: C, 79.39; H, 4.44; N, 10.29. Found: C, 79.45; H, 4.51;
N, 10.36. Single crystal data: molecular formula¼C18H12N2O, space
group¼P21/c, cell lengths¼a, 8.2637(4); b, 21.1060(10); c, 9.1661(6),
cell angles¼a, 90.00; b, 113.039(7); g, 90.00; cell volume¼1471.18,
Z, Z0¼Z: four Z0: 0, R-factor [%]¼6.82 and CCDC 996731.

3.2.2. 6-(4-Bromophenyl)-2-hydroxy-5-phenylnicotinonitrile
3b. Pale yellow crystals; mp, 204e206 �C; yield¼75% (1.32 g); IR
(KBr, ymax)¼3402, 3150, 3050, 2221, 1656 cm�1; 1H NMR (400 MHz,
CDCl3) d¼7.74 (1H, s, pyridine C(4)eH), 7.64 (1H, s, pyridine C(4)e
H), 7.43 (4H, d, J¼10 Hz, ArH), 7.16e7.23 (5H, m, ArH), 7.03 (4H, d,
J¼10 Hz, ArH), 6.91e6.97 (5H, m, ArH), 5.83 (2H, br, NH and OH);
13C NMR (400 MHz, CDCl3) d¼207.0, 157.7, 150.9, 147.9, 143.7, 138.2,
137.9, 137.6, 135.3, 131.7, 131.6, 131.3, 131.2, 129.4, 129.3, 128.6, 128.3,
127.4, 126.7, 123.4, 116.4, 115.6 (CN), 115.4 (CN), 98.7, 96.7, 90.1 ppm;
GCeMS m/z (%) 352 ((Mþ2), 10), 350 (Mþ, 10), 288 (21), 286 (40),
270 (100), 255 (12), 242 (34), 227 (14), 214 (65), 184 (40), 156 (13),
140 (12), 75 (56). Anal. Calcd for C18H11BrN2O: C, 61.56; H, 3.16; N,
7.98. Found: C, 61.63; H, 3.21; N, 8.21.

3.2.3. 2-Hydroxy-6-(4-methoxyphenyl)-5-phenylnicotinonitrile
3c. Pale yellow crystals; mp, 178e180 �C; yield¼1.24 g (82%); IR
(KBr, ymax)¼3413, 3348, 3249, 3060, 3028, 3002, 2217, 1660, 1602,
1512,1492, 1452,1425 cm�1; 1H NMR (400MHz, CDCl3) d¼7.85 (1H,
s, pyridine C(4)eH), 7.87 (1H, s, pyridine C(4)eH), 7.20e7.11 (4H, m,
ArH), 7.39 (2H, d, J¼8.8 Hz, ArH), 7.46 (2H, d, J¼8.8 Hz, ArH), 6.95
(6H, m, ArH), 6.81 (2H, d, J¼8.0 Hz, ArH), 6.74 (2H, d, J¼8.0 Hz, ArH),
5.08, 5.10 (2H, NH and OH), 3.89 (3H, 3, OMe), 3.79 (3H, s, OMe); 13C
NMR (400 MHz, CDCl3) d¼171.5, 164.0, 132.4, 131.1, 129.5, 128.2,
121.6, 113.8 (CN), 113.7 (CN), 55.5 ppm; GCeMS m/z (%) 325
((MþNa)þ, 100), 309 (13), 294 (18), 281 (14), 265 (9), 227 (7), 155
(11), 141 (16), 127 (14), 114 (21), 100 (15). Anal. Calcd for
C19H14N2O2: C, 75.48; H, 4.67; N, 9.27. Found: C, 75.41; H, 4.77; N,
9.50.

3.2.4. 6-(4-Chlorophenyl)-2-hydroxy-5-phenylnicotinonitrile 3d. Pale
yellow crystals; mp, 200e202 �C; yield¼88% (1.35 g); IR (KBr, ymax)¼
3407, 3342, 3232, 2219, 1649, 1591 cm�1; 1H NMR (400 MHz, CDCl3)
d¼7.71 (1H, s, pyridine C(4)eH), 7.65 (1H, s, pyridine C(4)eH),
7.25e7.29 (5H, m, ArH), 7.17e7.22 (6H, m, ArH), 7.05e7.11 (4H, m,
ArH), 6.91e6.96 (3H, m, ArH), 5.3 (2H, br, OH and NH); 13C NMR
(400 MHz, CDCl3) d¼158.9, 157.7, 150.8, 147.9, 143.7, 138.2, 138.0,
137.6, 137.2, 135.1, 135.0, 134.8, 131.8, 131.1, 131.0, 129.4, 129.3, 128.9,
128.7, 128.6, 128.4, 128.2, 127.4, 126.8, 116.5, 115.6 (CN), 115.4 (CN),
98.8, 96.7, 90.1 ppm GCeMS m/z (%) 308 ((Mþ2)þ, 5), 307 (32), 306
(Mþ, 47), 305 (100), 304 (98), 269 (53), 253 (8), 252 (16), 226 (7), 214
(7),134 (47), 121 (17), 107 (29). Anal. Calcd for C18H11ClN2O: C, 70.48.
H, 3.61; N, 9.13. Found: C, 70.61; H, 3.71; N, 9.20.

3.2.5. 2-Hydroxy-6-(4-methylphenyl)-5-phenylnicotinonitrile
3e. Pale yellow crystals; mp, 178e180 �C; yield¼78% (1.12 g); IR
(KBr, ymax)¼3456, 3402, 3350, 3340, 3249, 3056, 3029, 2223, 1656,
1649, 1589, 1546 cm�1; 1H NMR (400 MHz, CDCl3) d¼7.09 (4H, d,
J¼10 Hz, ArH), 7.72 (1H, s, pyridine C(4)eH), 7.63 (1H, s, pyridine
C(4)eH), 7.22e7.15 (6H, m, ArH), 7.02 (4H, d, J¼10 Hz, ArH),
6.97e6.93 (4H, m, ArH), 5.24 (2H, br, OH and NH), 2.32 (6H, s, CH3);
13C NMR (400 MHz, CDCl3) d¼160.0, 157.0, 150.8, 149.6, 143.5, 138.8,
138.1, 138.0, 133.4, 131.9, 129.6, 129.4, 129.0, 128.7, 128.4, 128.2,
127.1, 115.9 (CN), 115.7 (CN), 99.1, 96.1, 89.1, 21.3 ppm; GCeMS m/z
(%) 286 (Mþ, 14), 285 (80), 284 (100), 269 (13), 252 (12), 240 (6), 227
(4), 207 (46), 141 (15), 128 (8), 101 (3). Anal. Calcd for C19H14N2O: C,
79.70; H, 4.93; N, 9.78. Found: C, 79.87; H, 4.97; N, 9.83.

3 . 2 . 6 . 5 - ( 2 - C h l o r o p h e n y l ) - 6 - ( 4 - c h l o r o p h e n y l ) - 2 -
hydroxynicotinonitrile 3f. Pale yellow crystals; mp, 178e180 �C;
yield¼82% (1.40 g); IR (KBr, ymax)¼3417, 3342, 3245, 3184, 2221,
1649 cm�1; 1H NMR (400 MHz, CDCl3) d¼7.57 (1H, s, pyridine ring
hydrogen), 7.34e7.28 (3H, m, pyridine ring hydrogen, ArH),
7.25e7.21 (4H, m, ArH), 7.21e7.16 (2H, m, ArH), 7.14e7.07 (6H, m,
ArH), 6.95e6.91 (2H, m, ArH), 5.35 (2H, br, OH and NH); 13C NMR
(400 MHz, CDCl3) d¼162.1, 161.8, 152.1, 145.7, 140.7, 140.1, 139.5,
135.9, 134.8, 133.2, 132.6, 132.5, 132.0, 130.4, 130.0, 129.7, 129.0,
128.8, 128.5, 128.2, 125.4, 119.1, 116.1, 114.3 (CN), 114.8 (CN), 102.9,
96.8 ppm; GCeMS m/z (%) 344 ((Mþ4)þ, 14), 342 ((Mþ2)þ, 7), 340
(Mþ, 45), 339 (100), 316 (20), 325 (21), 324 (5), 306 (18), 249 (41),
230 (6), 168 (7), 112 (21), 76 (24). Anal. Calcd for C18H12Cl2N2O: C,
63.36; H, 2.95; N, 8.21. Found: C, 63.39; H, 3.03; N, 8.23.

3.2.7. 5-(2-Chlorophenyl)-2-hydroxy-6-phenylnicotinonitrile
3g. Pale yellow crystals; mp, 132e134 �C; yield¼77% (1.18 g); IR
(KBr, ymax)¼3417, 3340, 3244, 3056, 2219, 1650 cm�1; 1H NMR
(400 MHz, CDCl3) d¼7.55 (2H, br s, pyridine C4eH), 7.31e7.27 (2H,
m, ArH), 7.18e7.13 (2H, m, ArH), 7.09e7.02 (12H, m, ArH), 6.94e6.90
(2H, m, ArH), 5.35 (2H, br, OH and NH); 13C NMR (400 MHz, CDCl3)
d¼151.3, 150.4, 138.8, 138.5, 136.8, 133.5, 133.0, 132.0, 129.4, 129.1,
129.0, 128.8, 126.4, 115.7 (CN), 115.6 (CN), 98.7, 95.7 ppm; GCeMS
m/z (%) 308 ((Mþ2)þ, 3), 306 (Mþ, 37), 305 (68), 304 (53), 281 (22),
270 (34), 253 (12), 242 (19), 226 (4), 207 (48), 191 (14), 174 (6), 147
(6), 134 (13), 121 (15), 107 (14), 94 (6), 83 (100). Anal. Calcd for
C18H12N2O: C, 70.48; H, 3.61; N, 9.13. Found: C, 70.56; H, 3.73; N,
9.22.

3.2.8. 2-Hydroxy-5-(4-methoxyphenyl)-6-(4-methylphenyl)nic-
otinonitrile 3h. Pale yellow crystals; mp, 188e190 �C; yield¼71%
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(1.12 g); IR (KBr, ymax)¼3481, 3363, 3234, 3014, 2217, 1631 cm�1;
1H NMR (400 MHz, CDCl3) d¼7.60 (2H, br s, pyridine ring hydro-
gen), 7.11 (4H, m, ArH), 7.03 (4H, d, J¼10 Hz, ArH), 6.89e6.83 (4H,
m, ArH), 6.70 (4H, d, J¼10 Hz, ArH), 5.22 (2H, br, OH and NH), 3.75
(6H, s, OMe), 2.33 (6H, s, CH3); 13C NMR (400 MHz, CDCl3)
d¼170.5, 164, 155.7, 150.6, 149.4, 138.7, 137.9, 133.6, 132.3, 131.6,
130.5, 130.4, 130.2, 129.4, 129.2, 129.1, 127.9, 126.5, 122.8, 121.6,
117.5, 116.0, 115.8, 114.8 (CN), 113.7 (CN), 113.6, 99.1, 96.1, 30.9, 21.5,
21.3 ppm; GCeMS m/z (%) 316 (Mþ, 20), 315 (100), 314 (63), 300
(17), 285 (4), 271 (12), 257 (9), 256 (12), 239 (3), 227 (3), 207 (3),
170 (4), 150 (16), 135 (16), 128 (13), 101 (6), 88 (5). Anal. Calcd for
C20H16N2O2: C, 75.93; H, 5.10; N, 8.86. Found: C, 75.99; H, 5.13; N,
8.93.

3.2.9. 2-Hydroxy-5-(4-methoxyphenyl)-6-phenylnicotinonitrile
3i. Pale yellow crystals; mp, 204e206 �C; yield¼90% (1.36 g); IR
(KBr, ymax)¼3479, 3296, 3186, 2212, 1620 cm�1; 1H NMR
(400 MHz, CDCl3) d¼3.74 (3H, s, OMe), 3.79 (3H, s, OMe), 5.2 (2H,
br, NH and OH), 6.72e6.68 (2H, m, ArH), 6.80e6.75 (2H, m, ArH),
6.86e6.83 (2H, m, ArH), 7.01e6.97 (2H, m, ArH), 7.16e7.12 (2H, m,
ArH), 7.34e7.21 (8H, m, ArH), 7.63 (1H, s, pyridine ring hydrogen),
7.72 (1H, s, pyridine hydrogen); 13C NMR (400 MHz, CDCl3)
d¼160.2 (CO), 158.8, 157.5, 150.5, 149.2, 144.3, 143.4, 142.0, 139.0,
138.0, 136.6, 131.6, 130.5, 130.5, 130.2, 129.6, 129.5, 128.7, 128.7,
128.3, 128.0, 126.5, 116.7, 115.9, 115.5, 113.9 (CN), 113.6 (CN), 104.2,
99.1, 96.4, 89.8, 77.3, 77.0, 76.7, 67.6, 61.2, 55.2, 30.9 ppm; GCeMS
m/z (%) 302 (Mþ, 20), 301 (100), 300 (60), 287 (3), 286 (13), 285
(5), 270 (8), 214 (8), 143 (14), 128 (23), 89 (4), 76 (4). Anal. Calcd
for C19H14N2O2: C, 75.48; H, 4.67; N, 9.27. Found: C, 75.53; H, 4.73;
N, 9.33; Single crystal data: molecular formula¼C19H14N2O2, space
group¼P21/c, cell lengths¼a, 12.0731(14); b, 14.1000(17); c,
9.8157(12), cell angles¼a, 90.00; b, 108.797(7); g, 90.00; cell vol-
ume¼1581.82, Z, Z0¼Z: 4, Z0: 0, R-factor [%]¼5.91 and CCDC 791271.

3.3. General procedure for the synthesis of 2-chloro-5,6-
diarylnicotinonitriles 7aee

The VilsmeiereHaack reagent was prepared by mixing DMF
(12 ml, 150 mmol) and POCl3 (1.4 ml, 15 mmol) at 0 �C, followed by
stirring at room temperature for 15 min. 3-Oxo-2,3-diarylpropanal
(10 mmol) was added and the reaction mixture was stirred at
room temperature for 20 h. Malononitrile (2 g, 30 mmol) or cya-
noacetamide (2.5 g, 30 mmol) was added to this mixture, the
temperature was raised to 70 �C, stirred for another 3 h, and
poured into ice-cold saturated potassium carbonate solution
(120 ml). The crude product was extracted with ethyl acetate
(3�50 ml). The combined organic layer was distilled off to get the
crude product, which was purified by column chromatography
over silica gel (60e120 mesh) using ethyl acetate/hexane (2:98) as
eluent.

3.3.1. 2-Chloro-5,6-diphenylnicotinonitrile 7a. Pale yellow crystals;
yield, 55% (1.60 g, Method A) and 70% (2.04 g, Method B); mp,
168e170 �C; IR (KBr, ymax)¼3045, 3031, 2221, 1566, 1548, 765,
700 cm�1; 1H NMR (400 MHz, CDCl3) d¼7.60e7.45 (9H, m, ArH),
7.35e7.28 (2H, m, ArH); 13C NMR (400 MHz, CDCl3) d¼156.4, 152,
136.2, 136.0, 134.6, 131.7, 130.0, 129.9, 129.9, 129.3, 129.0, 114.4 (CN),
109.8, 84.9 ppm; GCeMSm/z (%) 292 ((Mþ2)þ, 7), 290 (Mþ, 22), 255
(100), 227 (35), 212 (12), 201 (10), 189 (8), 149 (15), 127 (7), 113 (28),
99 (32), 77 (18). Anal. Calcd for C18H11ClN2: C,74.38; H, 3.84; N, 9.68.
Found: C, 74.5; H, 4.1; N, 9.80.

3.3.2. 2-Chloro-6-(4-chlorophenyl)-5-phenylnicotinonitrile 7b. Pale
yellow crystals; yield, 35% (1.14 g, Method A) and 77% (2.50 g,
Method B); mp, 120e122 �C; IR (KBr, ymax)¼3168, 3080, 2219, 1641,
1554, 1535, 700, 639 cm�1; 1H NMR (400 MHz, CDCl3) d¼7.95e7.85
(3H, m, ArH), 7.44e7.2 (7H, m, ArH) ppm; 13C NMR (400 MHz,
CDCl3) d¼143.4, 139.5, 135.0, 129.5, 129.5, 128.9, 128.9, 128.7, 128.7,
128.1, 127.3, 126.8 ppm; GCeMS m/z (%) 326 ((Mþ2), 16), 324 (Mþ,
39), 323 (25), 299 (13), 297 (13), 281 (13), 278 (7), 253 (6), 245 (37),
218 (11), 207 (45), 190 (15), 178 (7), 164 (3), 139 (15), 113 (13), 103
(17), 77 (100). Anal. Calcd for C18H10Cl2N2: C, 66.48; H, 3.10; N, 8.61.
Found: C, 66.53; H, 3.2; N, 8.68.

3.3.3. 2-Chloro-6-(4-methoxyphenyl)-5-phenylnicotinonitrile
7c. Pale yellow crystals; yield, 45% (1.44 g, Method A) and 80%
(2.56 g, Method B); mp, 200e202 �C; IR (KBr, ymax)¼2991, 2836,
2215,1599,1553, 709 cm�1; 1H NMR (400MHz, CDCl3) d¼7.67e7.50
(4H, m, ArH), 7.46 (2H, d, J¼8.4 Hz, ArH), 7.4e7.2 (m, 2H, ArH), 7.01
(2H, d, J¼8.4 Hz, ArH), 3.92 (3H, s, OMe); 13C NMR (400MHz, CDCl3)
d¼162.6, 157.1, 152.3, 135.1, 134.8, 132.2, 130.0, 129.7, 129.2, 128.5,
114.7, 114.4 (CN), 110.1, 83.8, 55.7 ppm; GCeMSm/z (%) 322 ((Mþ2),
15), 320 (Mþ, 45), 305 (2), 294 (11), 285 (100), 270 (20), 253 (5), 242
(48), 227 (7), 214 (26), 189 (7), 165 (12), 158 (9), 139 (7), 121 (6), 113
(5), 93 (6), 88 (6), 77 (15). Anal. Calcd data for C19H13ClN2O: C, 71.14;
H, 4.08; N, 8.73. Found: C, 71.19; H, 4.10; N, 8.78.

3.3.4. 2-Chloro-6-(4-bromophenyl)-5-phenylnicotinonitrile 7d. Pale
yellow crystals; yield, 36% (1.33 g, Method A) and 90% (3.33 g,
Method B); mp, 178e180 �C; IR (KBr, ymax)¼3085, 3064, 3028, 2221,
1677, 1583, 703 cm�1; 1H NMR (400 MHz, CDCl3) d¼7.68 (2H, d,
J¼8.4 Hz, ArH), 7.54e7.52 (3H, m, ArH), 7.49 (1H, s, pyridine ring
hydrogen), 7.37 (2H, d, J¼8.4 Hz, ArH), 7.31e7.28 (2H, m, ArH); 13C
NMR (400 MHz, CDCl3) d¼155.8, 150.2, 136.3, 135.0, 134.3, 132.4,
131.4, 130.1, 129.8, 129.3, 126.5, 114.2 (CN), 109.6, 85.6 ppm; GCeMS
m/z (%) 372 ((Mþ4), 15), 370 ((Mþ2), 46), 368 (Mþ, 38), 368 (12),
336 (16), 335 (30), 333 (17), 332 (21), 291 (13), 289 (39), 255 (27),
254 (100), 253 (54), 227 (57), 201 (11),176 (14),175 (7), 151 (13),127
(77), 113 (77), 100 (89), 88 (20), 77 (35). Anal. Calcd data for
C18H10BrClN2: C, 58.49; H, 2.73; N, 7.58. Found: C, 58.50; H, 2.80; N,
7.60.

3.3.5. 2-Chloro-5-(4-methoxyphenyl)-6-(4-methylphenyl)nicotinoni-
trile7e. Pale yellow crystals; yield, 12% (0.40 g, Method A) and 67%
(2.24 g, Method B); mp, 172e174 �C; IR (KBr, ymax)¼3033, 3003,
2218, 1608, 1546, 738, 665 cm�1; 1H NMR (400 MHz, CDCl3) d¼7.56
(1H, s, pyridine ring hydrogen), 7.37 (2H, d, J¼8.4 Hz, ArH), 7.31 (2H,
d, J¼8.4 Hz, ArH), 7.21 (2H, d, J¼8 Hz, ArH), 7.02 (2H, d, J¼8 Hz, ArH),
3.87 (3H, s, OMe), 2.46 (3H, s, eCH3); 13C NMR (400 MHz, CDCl3)
d¼160.7, 157.6, 152.0, 142.6, 135.2, 133.6, 131.3, 130.1, 129.7, 127.1,
114.6 (CN), 110.2, 84.4, 55.3, 21.6 ppm; GCeMSm/z (%) 336 ((Mþ2),
19), 334 (Mþ,100), 319 (21), 299 (92), 284 (29), 278 (70), 269 (37),
256 (65), 241 (10), 226 (61), 207 (68), 191 (13), 189 (11), 163 (42),
152 (30), 128 (26), 119 (34), 99 (22), 91 (31). Anal. Calcd for
C20H15ClN2O: C, 71.75; H, 4.52; N, 8.37. Found: C, 71.78; H, 4.58; N,
8.41.
Acknowledgements

K.K.U. is thankful to UGC for providing Junior and Senior re-
search Fellowships (Lett. No. F.17-107/98 (SA-1)) funding for his
research works. We are thankful to SAIF-IIT-Chennai; SAIF-CDRI,
Lucknow; NMR Research Center, IISc, Bangalore, Inter University
Instrumentation Centre (IUIC), Mahatma Gandhi University, and
IIRBS-Mahatma Gandhi University for providing spectral analytical
facilities.
Supplementary data

Supplementary data associated with this article can be found in
the online version, at http://dx.doi.org/10.1016/j.tet.2014.07.031.

http://dx.doi.org/10.1016/j.tet.2014.07.031


K.U. Krishnaraj, K.S. Devaky / Tetrahedron 70 (2014) 6450e64566456
References and notes

1. (a) Meurer, L. C.; Finke, P. E.; Mills, S. G.; Walsh, T. F.; Toupence, R. B.; Goulet, M.
T.; Wang, J.; Tong, X.; Fong, T. M.; Lao, J.; Schaeffer, M. T.; Chen, J.; Shen, C. P.;
Stribling, D. S.; Shearman, L. P.; Strack, A. M.; Van der Ploeg, L. H. T. Bioorg. Med.
Chem. Lett. 2005, 15, 645e651; (b) Murata, T.; Shimada, M.; Sakakibara, S.;
Yoshino, T.; Kadono, H.; Masuda, T.; Shimazaki, M.; Shintani, T.; Fuchikami, K.;
Sakai, K.; Inbe, H.; Takeshita, K.; Niki, T.; Umeda, M.; Bacon, K. B.; Ziegelbauer,
K. B.; Lowinger, T. B. Bioorg. Med. Chem. Lett. 2003, 13, 913e918.

2. (a) Manna, F.; Chimenti, F.; Bolasco, A.; Bizzarri, B.; Filippelli, W.; Filippelli, A.;
Gagliardi, L. Eur. J. Med. Chem. 1999, 34, 245e254; (b) Patil, R.; Mandawad, G.;
Sirsat, S.; Patil, A.; Kalyankar, M. IOSR J. Pharm. 2012, 2, 137e141; (c) Kotb, E. R.;
El-Hashash, M. A.; Salama, M. A.; Kalf, H. S.; Wahed, N. A. M. A. Acta. Chim. Slov.
2009, 56, 908e919.

3. Raghukumar, V.; Thirumalai, D.; Ramakrishnan, V. T.; Karunakara, V.; Ram-
amurthy, P. Tetrahedron 2003, 59, 3761e3768.

4. (a) Shi, F.; Tu, S.; Fang, F.; Li, T. Arkivoc 2005, 1, 137e142; (b) Rodinovskaya, L. A.;
Shestopalov, A. M.; Gromova, A. V.; Shestopalov, A. A. J. Comb. Chem. 2008, 10,
313e322.

5. (a) Collins, I.; Moyes, C.; Davey, W. B.; Rowley, M.; Bromidge, F. A.; Quirk, K.;
Atack, J. R.; McKernan, R. M.; Thompson, S.-A.; Wafford, K.; Dawson, G. R.; Pike,
A.; Sohal, B.; Tsou, N. N.; Ball, R. G.; Castro, J. L. J. Med. Chem. 2002, 45,
1887e1900; (b) Debenham, J. S.; Madsen-Duggan, C. B.; Walsh, T. F.; Wang, J.;
Tong, X.; Doss, G. A.; Lao, J.; Fong, T. M.; Schaeffer, M.-T.; Xiao, J. C.; Huang, C. R.-
R. C.; Shen, C.-P.; Feng, Y.; Marsh, D. J.; Stribling, D. S.; Shearman, L. P.; Strack, A.
M.; MacIntyre, D. E.; Van der Ploeg, L. H. T.; Goulet, M. T. Bioorg. Med. Chem. Lett.
2006, 16, 681e685.

6. (a) Asokan, C. V.; Anabha, E. R.; Thomas, A. D.; Jose, A.M.; Lethesh, K. C.; Prasanth,
M.; Krishnaraj, K. U. Tetrahedron Lett. 2007, 48, 5641e5643; (b) Mathews, A.;
Anabha, E. R.; Sasikala, K. A.; Lethesh, K. C.; Krishnaraj, K. U.; Sreedevi, K. N.;
Prasanth, M.; Devaky, K. S.; Asokan, C. V. Tetrahedron 2008, 64, 1671e1675.

7. (a) Thomas, A. D.; Asokan, C. V. Tetrahedron Lett. 2002, 43, 2273e2275;
(b) Thomas, A. D.; Asokan, C. V. J. Chem. Soc., Perkin Trans. 1 2001, 2583e2587;
(c) Thomas, A. D.; Josmine; Asokan, C. V. Tetrahedron 2004, 60, 5069e5076.

8. (a) Lee, Y. R.; Kim, D. H. Tetrahedron Lett. 2001, 42, 6561e6563; (b) Lee, Y. R.;
Subcho, B.; Kim, D. H. Tetrahedron 2003, 59, 9333e9347; (c) Bovonsombat, P.;
Khanthapura, P.; Leykajarakul, J. Silpakorn Univ. Sci. Technol. J. 2007, 1, 39e55;
(d) Wender, P. A.; White, A. W. J. Am. Chem. Soc. 1988, 110, 2218e2223; (e)
Engman, L. J. Org. Chem. 1988, 53, 4031e4037; (f) Rappai, J. P.; Prathapan, S.;
Vishnu Unni, M. V.; Unnikrishnan, P. A. Synth. Commun. 2007, 37, 569e572; (g)
Ma, S.; Lu, X.; Li, Z. J. Org. Chem. 1992, 57, 709e713; (h) In�es, B.; Moreno, I.;
SanMartin, R.; Domı�nguez, E. J. Org. Chem. 2008, 73, 8448e8451; (i) Clark, R. D.;
Heathcock, C. H. J. Org. Chem. 1976, 41, 636e643; (j) Graham, A. E.; Taylor, R. J. K.
J. Chem. Soc., Perkin Trans. 1 1997, 1087e1089; (k) Echigo, Y.; Mukaiyama, T.
Chem. Lett. 1978, 465e466; (l) Yu, M.; Zhang, G.; Zhang, L. Tetrahedron 2009, 65,
1846e1855; (m) Zhang, C.; Lu, X. Synthesis 1996, 586e588; (n) Alvernhe, G.;
Bensadat, A.; Ghobsi, A.; Laurent, A.; Laurent, E. J. Fluorine Chem. 1997, 81,
169e172.

9. Ducker, J. W.; Gunter, M. J. Aust. J. Chem. 1975, 28, 581e590.
10. (a) House, O. H. J. Am. Chem. Soc.1954, 76, 1235e1237; (b) Russell, P. B.; Csendes,

E. J. Am. Chem. Soc. 1954, 76, 5714e5718; (c) Mathew, P.; Mathew, D.; Asokan, C.
V. Synth. Commun. 2007, 37, 661e665.

11. (a) Dkhissi, A.; Houben, L.; Smets, J.; Adamowicz, L.; Maes, G. J. Mol. Struct. 1999,
484, 215e227; (b) Rawson, J. M.; Winpenny, R. E. P. Coord. Chem. Rev. 1995, 139,
313e374; (c) Thwaite, S. E.; Schier, A.; Schmidbaur, H. Inorg. Chim. Acta 2004,
357, 1549e1557; (d) Wolfe, S.; Weinberg, N.; Hsieh, Y. Theor. Chem. Acc. 2007,
118, 265e269.

http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib1b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib2c
http://refhub.elsevier.com/S0040-4020(14)01033-3/sref1
http://refhub.elsevier.com/S0040-4020(14)01033-3/sref1
http://refhub.elsevier.com/S0040-4020(14)01033-3/sref1
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib4a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib4a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib4b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib4b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib4b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib4b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib5b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib6a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib6a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib6a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib6b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib6b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib6b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib6b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib7a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib7a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib7b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib7b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib7c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib7c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8d
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8d
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8e
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8e
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8e
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8f
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8f
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8f
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8g
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8g
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8g
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8h
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8h
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8h
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8h
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8h
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8i
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8i
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8i
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8j
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8j
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8j
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8k
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8k
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8k
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8l
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8l
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8l
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8m
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8m
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8n
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8n
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8n
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib8n
http://refhub.elsevier.com/S0040-4020(14)01033-3/sref2
http://refhub.elsevier.com/S0040-4020(14)01033-3/sref2
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib10a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib10a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib10b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib10b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib10b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib10c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib10c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib10c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11a
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11b
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11c
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11d
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11d
http://refhub.elsevier.com/S0040-4020(14)01033-3/bib11d

	Synthesis of 2-hydroxy-5,6-diarylnicotinonitriles and 2-chloro-5,6-diarylnicotinonitriles from β-chloroenones
	1 Introduction
	2 Results and discussion
	3 Experimental
	3.1 General procedure for the synthesis of 3-chloro-1,2-diaryl-2-propen-1-ones 2a–i
	3.1.1 3-Chloro-1,2-diphenyl-2-propen-1-one 2a
	3.1.2 1-(4-Bromophenyl)-3-chloro-2-phenyl-2-propen-1-one 2b
	3.1.3 3-Chloro-1-(4-methoxyphenyl)-2-phenyl-2-propen-1-one 2c
	3.1.4 3-Chloro-1-(4-chlorophenyl)-2-phenyl-2-propen-1-one 2d
	3.1.5 3-Chloro-1-(4-methylphenyl)-2-phenyl-2-propen-1-one 2e
	3.1.6 3-Chloro-2-(2-chlorophenyl)-1-(4-chlorophenyl)-2-propen-1-one 2f
	3.1.7 3-Chloro-2-(2-chlorophenyl)-1-phenyl-2-propen-1-one 2g
	3.1.8 3-Chloro-2-(4-methoxyphenyl)-1-(4-methylphenyl)-2-propen-1-one 2h
	3.1.9 3-Chloro-2-(4-methoxyphenyl)-1-phenyl-2-propen-1-one 2i

	3.2 General procedure for the synthesis of 5,6-diaryl-2-hydroxynicotinonitriles3a–i
	3.2.1 2-Hydroxy-5,6-diphenylnicotinonitrile 3a
	3.2.2 6-(4-Bromophenyl)-2-hydroxy-5-phenylnicotinonitrile 3b
	3.2.3 2-Hydroxy-6-(4-methoxyphenyl)-5-phenylnicotinonitrile 3c
	3.2.4 6-(4-Chlorophenyl)-2-hydroxy-5-phenylnicotinonitrile 3d
	3.2.5 2-Hydroxy-6-(4-methylphenyl)-5-phenylnicotinonitrile 3e
	3.2.6 5-(2-Chlorophenyl)-6-(4-chlorophenyl)-2-hydroxynicotinonitrile 3f
	3.2.7 5-(2-Chlorophenyl)-2-hydroxy-6-phenylnicotinonitrile 3g
	3.2.8 2-Hydroxy-5-(4-methoxyphenyl)-6-(4-methylphenyl)nicotinonitrile 3h
	3.2.9 2-Hydroxy-5-(4-methoxyphenyl)-6-phenylnicotinonitrile 3i

	3.3 General procedure for the synthesis of 2-chloro-5,6-diarylnicotinonitriles 7a–e
	3.3.1 2-Chloro-5,6-diphenylnicotinonitrile 7a
	3.3.2 2-Chloro-6-(4-chlorophenyl)-5-phenylnicotinonitrile 7b
	3.3.3 2-Chloro-6-(4-methoxyphenyl)-5-phenylnicotinonitrile 7c
	3.3.4 2-Chloro-6-(4-bromophenyl)-5-phenylnicotinonitrile 7d
	3.3.5 2-Chloro-5-(4-methoxyphenyl)-6-(4-methylphenyl)nicotinonitrile7e


	Acknowledgements
	Supplementary data
	References and notes


