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Enaminones react with a variety of active methyl and methylene reagents in presence of 
ammonium acetate to yield functionally substituted pyridines in good yields. The reaction 
proceeded via initial Michael addition across the double bond followed by cyclization. The 
reaction of enaminone with aromatic aldehyde in acetic acid/ammonium acetate afforded the 
dihydropyridine that was oxidized to the corresponding pyridine.

C ertain functionally substituted pyridines are po
ten t inhibitors of the hum an immunodeficiency 
virus type 1 (HIV-1) reverse transcriptase. For ex
am ple atevirdine 1  has been selected for further 
clinical evaluation as anti-H IV  agent [1], the dihy
dropyridines, e.g. adalate, are still the most widely 
used calcium channel blockers [2], Certain func
tionally substituted pyridones, e.g. am rinone 2a [3] 
and m ilrinone 2b [4], are used for treatm ent of 
congestive heart failure. Com pounds 3 have been 
proved to  be selective antagonists of P2 receptors 
for neurotransm itters [5] (Scheme 1).

In view of our interest in developing efficient 
syntheses of polyfunctionally substituted hetero- 
arom atics utilizing the readily obtainable enam i
nones as starting m aterials [6 - 1 1 ], it is worthwhile 
to explore their potential utility for the synthesis 
of polyfunctionally substituted pyridines. In previ
ous studies, we reported  syntheses of polyfunc
tionally substitu ted  pyridines from  enam inones 
using active m ethylene reagents in sodium eth- 
oxide [9]. It has been observed that the reaction 
proceeds via initial addition across the double 
bond. In contrast with this behavior, the reaction

OMe

3, R = 2,4-disuüönic acid

2a, R1 = H, R2 = NH2 

2b, R1 = CH3, R2 = CN

'NMe2

4a, R = phenyl
b, R = 3-coumarinyl
c, R = 2-pyridyl Scheme 1.
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of enam inones with m alononitrile and with ethyl 
cyanoacetate in ethanolic piperidine occurred via 
initial attack of the active m ethylene m oiety at the 
enone carbonyl function [10-11], It occurred to  us 
thus of value to investigate further the reactivity 
of enones toward active m ethylene compounds.

The reaction of 4a with acetophenone in reflux- 
ing acetic acid in the presence of am m onium  ace
tate yields a product tha t may be form ulated as 5 
or isomeric 6 . While initial M ichael addition of the 
methyl ketone across the activated double bond in 
4a and subsequent cyclization could lead to  struc
ture 5, initial condensation of the m ethyl function 
with the carbonyl function of the enam inone and 
subsequent cyclization might afford com pound 6 . 
In previous work [9-11], it could be shown that 
both reaction m odes are occurring, and reaction 
conditions significantly affect the nature  of the fi
nal products. Structure 5 is established as the sole 
reaction product based on *H N M R  spectra which 
revealed a doublet for four protons at d = 
8.23 ppm that are assum ed to be the four 2-H and
6 -H phenyl protons deshielded under the influ
ence of the anisotropy effect of the pyridine ring 
nitrogen. For isomeric product 6 , a m ultiplet for 
three protons in the same region should be ob
served. Com pound 5 has been reported  [12] 
earlier to result from  pyrolysis of acetophenone 
A ^N -trim ethy lhydrazon ium  fluoroborate (lit. 
m.p. 83 °C; 55% yield) (Scheme 2).

o

Scheme 2.

Similar to the behaviour of 4a tow ard acetophe
none, com pounds 4a-b also reacted  with acetyl- 
acetone to yield 7a-b as the sole isolable products. 
The possible isomeric structure 8  was excluded 
based on the observation of the low field doublet 
for two protons at <5 = 8.16 ppm  assigned to  the 
deshielded phenyl protons 2-H and 6 -H in 7a. In

structure 7b, the *H NM R spectra revealed a low 
field singlet at <5 = 8.87 ppm  assigned to  coum arin
4-H, two doublets at (5 = 7.66 and 7.93 ppm as
signed to pyridyl 5-H and 4-H and two m ultiplet 
signals for two protons at <5 = 7.37-7.44 and 
8.21-8.30 ppm assigned to coum arin 6 -H, 7-H and
5-H, 8 -H respectively. The appearance of coum a
rin 5-H and 8 -H at such a low field is a conse
quence of van der Waals deshielding (Scheme 3).

o o

4a'b + H3C CH3

b, R = 3-coumarinyI

Scheme 3.

Com pound 4a reacted with benzoylacetonitrile 
to yield a mixture of two products, which could be 
successfully separated via colum n chrom atography 
into a colorless product of m olecular form ula 
C 1 8 H 1 4 N20  and a yellow product of m olecular for
mula C 1 8 H 1 3 N 0 2. Several structures seem ed for us 
thus possible, depending on the reaction route. 
The colorless product was assigned structure 11 
and is assumed to be form ed via initial addition of 
the active m ethylene moiety in benzoylacetonitrile 
to the enam inone C-3 and subsequent elim ination 
of the dim ethylam ine yielding the acyclic M ichael 
adduct 9. This may cyclize into the pyrane imine 
10 or react with ammonia to yield the com pound
11. Several isomeric structures seem ed possible for 
the yellow product, namely, the pyridone structure 
resulting from  initial condensation of the active 
m ethylene moiety with the enam inone carbonyl 
function followed by hydrolysis and subsequent 
cyclization, or an isomeric pyridone structure re 
sulting from initial condensation of the benzoyl
acetonitrile carbonyl function with the enam inone 
C-2 and subsequent cyclization. B oth structures 
were ruled out based on the absence of a low field 
(d > 8.5 ppm) pyridine 2-H signal. Consequently, 
structure 10 or isomeric 12 were considered. Struc
ture 12 was assigned to the yellow reaction pro-
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duct based on its stability on reflux in acetic acid 
or m ineral acid, a condition that could lead to hy
drolysis of imine function of 10 or at least its re 
arrangem ent into 12. In addition, 12 proved to be 
identical with an authentic specimen prepared 
after the procedure reported  [13] recently for its 
synthesis as sole product from  4a and benzoylace- 
tonitrile in refluxing toluene (lit. m.p. 228 °C) 
(Scheme 4).

In an attem pt to prepare  samples of 10 and 11 
by an alternative route, benzoylacetonitrile was 
initially condensed with dim ethylform am ide di- 
m ethylacetal following a recently reported  pro 
cedure [14], and the form ed enam inonitrile 13 was 
then reacted  with acetophenone. However, unex
pectedly a product of m olecular form ula C 2 oH 1 7 N 3  

was the sole isolable reaction product. This pro 
duct was assigned structure 15 ra ther than iso
m eric 14 based on N O E  difference N M R experi
m ents w here irradiation of pyridine 3-H at d =
7.37 ppm  enhanced the dim ethylam ino signal 
(Scheme 5).

Ph

NMe2

13

. A „ „  —

Trials to react 4a with ethyl acetoacetate failed 
to  produce an isolable reaction product. However, 
when 4b, c were trea ted  with ethyl acetoacetate, a 
product of addition across the double bond and 
subsequent cyclization was form ed, to  which struc
ture 16a, b was assigned (Scheme 6 ).

o o
J l A4b-c + OC2H5

16a, R = 3-coumarinyl 
b, R = 2-pyridyl

Scheme 6 .

Scheme 5.

The reaction of aldehydes with 3-oxopropanals 
in the presence of am m onia has been reported 
to yield 3,5-dibenzoyl-l,4-dihydropyridines [15]. 
How ever to our knowledge, usefulness of the 
readily obtainable enam inones 4 as start for syn
theses of pyridines in a similar reaction has never 
been investigated. We have found that 4a reacts 
with p-m ethoxybenzaldehyde in refluxing acetic 
acid and in the presence of am m onium  acetate, to 
yield the dihydropyridine 17 that was oxidized 
with nitric acid / sulfuric acid to  afford 18 
(Scheme 7).

Experimental
All m elting points are uncorrected. IR  spectra 

were recorded in K Br with a Pye Unicam  SP 1100 
spectrophotom eter. XH  N M R spectra were re 
corded on a Varian EM-390 spectrom eter in [2 H 6] 
DM SO as solvent and TMS as internal standard; 
chemical shifts are reported  in d units (ppm). Mass 
spectra were m easured on MS 30 and MS 9 (A E I),
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H2SO4/HNO3

Ar = 4 -H3COC6H4

Scheme 7 .

70 eV. M icroanalyses were perform ed on LECO  
CHNS-932. M icroanalytical data were obtained 
from  the M icroanalytical D ata U nit at Cairo U ni
versity.

General procedure fo r  the preparation o f  the 
pyridine derivatives

To a stirred suspension of the enam inone 
( 1 0  mmol) and ammonium acetate ( 1  g) in acetic 
acid ( 1 0  ml), the active methyl or m ethylene deriv
atives (10 mmol) were added. The reaction mix
ture  was heated under reflux for 2 0 -6 0  min. The 
solvent was evaporated in vacuum, the residual 
syrup was tritu rated  with alcohol to  deposit a 
solid, which was crystallized from  the proper 
solvent. In some cases, the products were purified 
by flash chrom atography on silica gel using chloro- 
form/H-hexane (3:1) as eluent.

2,6-Diphenylpyridine (5)

M.p. 85° C (E tO H ); yield 1.70 g (74% ). -  !H  
N M R  (d 6 -DM SO): <5 = 7.45-7.55 (m, 6 H, arom. 
H ), 7.90-7.93 (m, 3H, arom. H), 8.23 (d, 4H, 7 = 
8  Hz, ortho-phenyl H). -  MS: m /z  = 231 [M+]. -  
C 1 7 H 13N (231.28): calcd. C 88.28, H  5.67, N 6.06; 
found C 88.34, H  5.80, N 6.02.

3-Acetyl-2-methyl-6-phenylpyridine (7a)

M.p. 82° C (E tO H ); yield 1.54 g (73% ). -  IR  v = 
1690 cm ' 1 (C = 0 ). -  :H  NM R (d 6 -DM SO): d = 
2.59 (s, 3H, C H 3), 2.70 (s, 3H, C O C H 3), 7.48-7.52 
(m, 3H, phenyl H ), 7.94 (d, 1H, 7 = 8  Hz, pyridyl
5-H), 8.16 (d, 2H, 7 = 8  Hz, ortho-phenyl H), 8.30 
(d, 1H, 7 = 8  Hz, pyridyl 4-H). -  MS: m /z  = 211 
[M+], -  C 1 4 H 13N O  (211.25): calcd. C 79.59, H  6.20, 
N 6.63; found C 79.40, H 6.36, N 6.45.

3-Acetyl-2-methyl-6-(3-coumarinyl)pyridine (7b)

M.p. 207° C (EtO H /dioxane 3:1); yield 2.03 g 
(73% ). -  IR  v = 1727, 1681 cm “ 1 (C = 0 ). -  :H  
N M R  (d 6 -DM SO): Ö = 2.50 (s, 3H, C H 3), 2.73 (s, 
3H, C O C H 3), 7.37-7.44 (m, 2H, com arin 6 -H,
7-H), 7.66 (d, 1H, 7 = 8  Hz, pyridyl 5-H), 7.93 (d, 
1H, J  = 8  Hz, pyridyl 4-H), 8.21-8.30 (m, 2H, cou- 
m arinyl 5-H, 8 -H), 8.87 (s, 1H, coum arin 4-H). -

MS: m /z  = 279 [M+], -  C 1 7 H 1 3 N 0 3  (279.28): calcd. 
C 73.11, H  4.69, N 5.02; found C 73.31, H  4.71, 
N 4.72.

2-Am ino-3-benzoyl-6-phenylpyridine  (11)
M.p. 218° C (chloroform /n-hexane (3:1) as 

eluent); yield 1.12 g (41% ). -  IR: v  = 3386, 3166 
(N H 2), 1645 cm - 1 (C = 0 ). -  XH N M R (d6- 
DM SO): 6 = 7 .46-7.57 (m, 7H, arom. H, N H 2), 
7 .80-8.00 (m, 4H, arom . H, pyridyl 5-H), 8.18 (d, 
2H, 7 = 8  Hz, ortho-phenyl H). 8.32 (d, 1H, 7 = 8  

Hz, pyridyl 4-H). -  MS: m /z  = 274 [M+]. -  
C i8 H 1 4 N20  (274.31): calcd. C 78.81, H  5.14, 
N 10.21; found C 78.89, H  5.32, N 10.00.

3-Benzoyl-l,2-dihydro-6-phenylpyridin-2-one  (12)
M.p. 230 °C (chloroform /tt-hexane (3:1) as 

eluent); yield 1.0 g (37% ). -  IR: v = 3249 (N H ), 
1647 cm - 1 (C = 0 ). -  XH N M R (d 6 -DM SO): (3 = 
6.78 (br s, 1H, N H ), 7 .49-7.54 (m, 5H, arom. H), 
7 .62-7.65 (m, 1H, pyridyl 5-H), 7 .78-7.83 (m, 5H, 
arom. H ), 8.12 (d, 1H, 7 = 8  Hz, pyridyl 4-H). -  
MS: m /z  = 275 [M+], -  C 1 8 H 1 3 N 0 2  (275.29): calcd. 
C 78.53, H  4.76, N 5.09; found C 78.57, H  4.80, 
N 5.19.

4- (D im ethylam ino) -2,6-diphenylpyridine-
3-carbonitrile (15)

M.p. 135° C (A cO H ); yield 2.39 g (80% ). -  IR: 
v = 2220 cm “ 1 (CN). -  lH  N M R (d 6 -DM SO): (5 = 
3.26 (s, 3H, N C H 3), 3.35 (s, 3H, N C H 3), 7.37 (s, 
1H, pyridyl 3-H), 7 .51-7.61 (m, 6 H, arom. H), 8.24 
(d, 7 = 8  Hz, 4H, ortho-phenyl H). -  MS: m /z  = 
299 [M+], -  C 2 0 H 1 7 N 3  (299.27): calcd. C 80.24, 
H  5.72, N 14.04; found C 80.38, H  5.03, N 14.18.

Ethyl 2-methyl-6-(3-coumarinyl)pyridine-3-carbox- 
ylate (16a)

M.p. 165° C (E tO H /dioxane); yield 2.10 g 
(8 6 %). -  IR: v  = 1715, 1677 cm ' 1 (C = 0 ). -  XH  
N M R (d 6 -DM SO): <5 = 1.33 (t, 3H, 7 = 8  Hz, C H 3), 
2.80 (s, 3H, C H 3), 4.32 (q, 2H, 7 = 8  Hz, O C H 2), 
7 .38-7 .50 (m, 2H, com arin 6 -H, 7-H), 7.69 (d, 1H,
7 = 8  Hz, pyridyl 5-H), 7.94 (d, 1H, 7 = 8  Hz, pyri
dyl 4-H), 8 .15-8 .24 (m, 2H, coum arin 5-H, 8 -H),
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9.11 (s, 1H, coum arin 4-H). -  MS: m /z  = 309 
[M+]. -  C 1 8 H 1 5 N 0 4  (309.31): calcd. C 69.89, 
H  4.89, N 4.53; found C 69.91, H  4.82, N 4.34.

E thyl 2-methyl-6-(2-pyridyl)pyridine-3-carboxylate 
(16b)

M.p. 80° C (E tO H ); yield 2.10 g (8 6 % ). -  IR: 
v = 1718 cm " 1 (C = 0 ). -  XH N M R (d 6 -DM SO): 
(5 = 1.41 (t, 3H, 7 = 8  Hz, CH 3), 2.91 (s, 3H, C H 3),
4.38 (q, 2H, 7 = 8  Hz, O C H 2), 7 .30-7.33 (m, 1H, 
pyridyl 5 '-H ), 7.49 (m, 1H, pyridyl 4 '-H ), 8 .27 - 
8.32 (m, 2H, pyridyl 3 '-H , 5-H), 8.48 (d, 1H, J  = 
8  Hz, 4-H), 8.67 (d, 1H, J  = 8  Hz, pyridyl 6 '-H ). -  
MS: m /z  = 242 [M+]. -  C 1 4 H 1 4 N 2 0 2  (242.27): 
calcd. C 69.40, H  5.83, N 11.56; found C 69.29, 
H  5.76, N 11.61.

3,5-Dibenzoyl-4-(4-methoxyphenyl)-
1,4-dihydropyridine (17)

To a stirred suspension of com pound 2a (1.75 g, 
1 0  mmol) and am m onium  acetate ( 1  g), acetic acid 
(10 ml), anisaldehyde (1.36 g, 10 mm ol) was 
added. The reaction m ixture was heated  under re 
flux for 5h, then allowed to cool to room  tem per
ature. The solid product so obtained was filtered 
off, and crystallized from  ethanol.

M.p. 210° C (E tO H ); yield 2.96 g (75%). -  IR: 
v = 3423 (NH), 1658 cm ' 1 (C = 0). -  XH N M R (d6- 
DM SO): d = 3.68 (s, 3H, O C H 3), 5.34 (s, 1H,
4-H), 6.82 (d, 2H, 7 = 8  Hz, arom. H), 7.09 (s, 2H,
2-H, 6 -H), 7.24 (d, 2H , J  = 8  Hz, arom. H ), 7 .43- 
7.51 (m, 10H, arom. H ), 9.23 (s, 1H, N H). -  MS: 
m/z = 395 [M+]. -  C 2 6 H 2 1 N 0 3  (395.44): calcd. 
C 78.96, H  5.35, N 3.54; found C 78.73, H  5.31, 
N 3.57.

3,5-Dibenzoyl-4-(4-methoxyphenyl)pyridine (18)
C om pound 15 (3.95 g, 10 mmol) was heated un

der reflux for 1  h, in a mixture of w ater ( 1 0  ml) 
conc. H N 0 3  (d = 1.42, 3 ml) and conc. H 2 S 0 4  

(2.5 ml) following the procedure described for oxi
dation of diethyl l,4-dihydro-2,6-dimethylpyri- 
dine-3,5-dicarboxylate [16] The reaction mixture 
was allowed to assum e room tem perature. The 
solid product, so obtained was filtered off and 
crystallized from ethanol.

M.p. 92° C (E tO H ); yield 3.37 g (8 6 %). -  IR: 
v = 1664 cm “ 1 (C = 0 ). -  XH NM R (d 6 -DM SO): 
<5 = 3.52 (s, 3H, O C H 3), 6.60-6.62 (m, 2H, arom. 
H), 6.93-6.95 (m, 2H, arom. H), 7.38-7.41 (m, 
4H, arom . H ), 7 .53-7.57 (m, 2H, arom. H ), 7 .65- 
7.67 (m, 4H, arom. H ), 8.83 (s, 2H, 2-H, 6 -H). -  
MS: m/z = 393 [M+]. -  C 2 6 H 1 9 N 0 3  (395.46): calcd. 
C 79.37, H  4.87, N 3.56; found C 79.45, H  4.86, 
N 3.56.
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