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Abstract: A set of 5-(2-hydroxybenzoyl)-pyrid-2-ones, which are
analogous to cardiotonic drugs such as milrinone, has been prepared
in high yield by recyclization of 3-formylchromones with acetic
acid amides having at the a-position an electron-withdrawing
group. The best reaction conditions were found to be heating in
DMF in the presence of Me3SiCl as a promoter and water scaven-
ger.
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2-Pyridones play an important theoretical and practical
role in heterocyclic chemistry.1 Recently, interest in these
compounds was reignited by the discovery of a new class
of non-glycosidic cardiotonic agents, the cyclic adenosine
3¢,5¢-monophosphate (cAMP) specific phosphodiesterase
(PDEIII) inhibitors, which have been used for the treat-
ment of congestive heart failure. All these agents are char-
acterized by the presence of the 2-pyridone nucleus,
prototypes being amrinone2 and particularly milrinone.3

Searches for analogues of milrinone have revealed that 2-
oxo-3-pyridinecarbonitriles (1) having a carbonyl moiety
at the 5-position also exhibited a significant ionotropic ac-
tivity (Figure 1)4

The convenient method for synthesis of 2-oxo-3-pyridine-
carbonitriles having a carbonyl moiety at the 5-position is
the Guareschi reaction of cyanoacetamide as 1,3-CCN-bi-
nucleophile with different 1,3-CCC-bielectrophiles hav-

ing a carbonyl function at the meso-position, such as 2-
dimethylaminomethylene-1,3-diones (enamine diones).5

The widely used latent 1,3-dialdehydes, having at the
meso-position a masked 2-hydroxybenzoyl fragment, are
3-formylchromones.6 There are literature data on the reac-
tion of 3-formylchromones with cyanoacetamide afford-
ing 5-(2-hydroxybenzoyl)-2-oxo-1,2-dihydro-pyridine-3-
carbonitriles; however the reaction is accompanied with
side reactions.7 Herein, we wish to report new reaction
conditions, under which only the targeted products form
in nearly quantitative yield. This makes the reaction a very
attractive tool for designing libraries of compounds via
semi-automated parallel synthesis.

3-Formylchromones (1) react with cyanoacetamide (2) in
DMF solution at 100 ° in the presence of Me3SiCl8 yield-
ing 5-(2-hydroxybenzoyl)-2-oxo-1,2-dihydropyridine-3-
carbonitriles (6) as a single product of recyclization
(Scheme 1).9 This reaction is a general one; not only does

Scheme 1

Figure 1 The structures of the cAMP PDE III inhibitors.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f I

lli
no

is
 a

t C
hi

ca
go

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



2288 S. V. Ryabukhin et al. LETTER

Synlett 2004, No. 13, 2287–2290 © Thieme Stuttgart · New York

cyanoacetamide produce favorable results, but primary
and secondary amides of acetic acid having an p-electron-
withdrawing group at the a-position 3–5 do as well, af-
fording the corresponding pyridones 6–9 (Scheme 1,
Table 1). However, it should be noted that the use of sub-
strates bearing an active acetyl group, such as 3-oxobutan-
amide (5), complicates the reaction and lowers the yield of
targeted product 9.

The structure of novel products was confirmed by 1H
NMR,10 13C NMR,11 IR spectroscopy,12 mass spectro-
metry,13 and elemental analysis.

We suggest that Me3SiCl plays several roles in the reac-
tion. One can imagine that the reaction occurs by the fol-
lowing mechanism. The first stage is the aldol
condensation of the amide methylene group with the alde-
hyde function of the the chromone leading to open-chain
products 12.6f,7 Subsequently, 12 could undergo either re-
cyclization to provide targeted pyridone 6 or cleavage of
the chromone ring by water, formed in the first stage, to
afford ketoaldehyde 13 that then leads to side reactions.
The latter can undergo 6-exo-dig cyclization of the enol
with the nitrile function, finally leading to formation of

by-product iminopyrone 11 and its recyclization product,
pyridone 10.7,14 On the other hand, under our condition,
Me3SiCl acts as a water scavenger, thus preventing the
formation of ketoaldehyde 13. Even if ketoaldehyde 13
forms in the reaction mixture, it is silylated by excess of
Me3SiCl to form the O-silylated intermediate 14. This in-
termediate is unreactive with respect to the nitrile group,
but is able to form either chromone 12 or the targeted py-
ridone 6 (Scheme 2). Finally, any water present in the re-
action mixture would react with Me3SiCl to release HCl,
which catalyzes the reaction.

Our attempts to extend the procedure to primary enamines
such as b-aminocrotonitrile and alkyl b-crotonates failed.
In this case, due to harsh reaction conditions, destruction
of starting enamines occurs and the targeted pyridines
were detected only in trace amounts. For the same reason
we have not been able to developed the preparative proce-
dure for interaction of 3-formylchromones with cy-
anoacetic acid thioamide and its derivatives.

Table 1 Yields and Melting Points of 2-Pyridones Obtaineda

Chromone Amide Product R R¢ EWG Yield (%)b Mp (°C, solvent)c [M + 1]d

1a 2 6a H H CN 75 263–265e (MeCN) 241

1c 2 6c F H CN 73 265–266 (MeCN) 259

1d 2 6d Cl H CN 84 269–270 (MeCN) 275

1e 2 6e OMe H CN 70 262–263 (MeCN) 271

1d 3a 7da Cl CH2Ph CN 85 235–236 (MeCN) 365

1b 3b 7bb Me CH(CH3)2 CN 72 181–182 (MeOH) 297

1d 3c 7dc Cl CH2CH2OMe CN 70 182–183 (MeOH) 333

1e 3d 7ed OMe CN 84 205–206 (MeOH) 353

1d 3e 7de Cl CN 75 227–228 (MeCN) 315

Scheme 2
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Table 1 Yields and Melting Points of 2-Pyridones Obtaineda (continued)

Chromone Amide Product R R¢ EWG Yield (%)b Mp (°C, solvent)c [M + 1]d
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10.08 (1 H, s, OH). Compound 7ef: 1H NMR (400 MHz, 
DMSO-d6): d = 3.77 (3 H, s, CH3), 6.90–6.99 (3 H, m, CH), 
7.50–7.60 (5 H, m, CH), 8.27 (1 H, d, 4JHH = 2.4 Hz, 4-HPy), 
8.42 (1 H, d, 4JHH = 2.4 Hz, 6-HPy), 9.89 (1 H, s, OH). 
Compound 8ba: 1H NMR (400 MHz, DMSO-d6): d = 2.28 
(3 H, s, CH3), 4.52 (2 H, d, 3JHH = 5.6 Hz, CH2), 5.32 (2 H, 
s, CH2), 6.87 (1 H, d, 3JHH = 8.4 Hz, CH), 7.15 (1 H, s, CH), 
7.19–7.21 (2 H, m, CH), 7.25–7.38 (7 H, m, CH), 7.39 (2 H, 

d, 3JHH = 7.6 Hz, CH), 8.66 (1 H, 4JHH = 2.0 Hz, 4-HPy), 8.72 
(1 H, d, 4JHH = 2.0 Hz, 6-HPy), 9.80 (1 H, t, 4JHH = 5.6 Hz, 6-
HPy), 10.18 (1 H, s, OH). Compound 9ea: 1H NMR (400 
MHz, DMSO-d6): d = 2.59 (3 H, s, COCH3), 3.74 (3 H, s, 
OCH3), 6.84 (1 H, d, 4JHH = 2.7 Hz, CH), 6.89 (1 H, d, 
3JHH = 9.0 Hz, CH), 6.96 (1 H, dd, 3JHH = 9.0 Hz, 4JHH = 2.7 
Hz, CH), 8.00 (1 H, d, 4JHH = 3.0 Hz, 4-HPy), 8.39 (1 H, d, 
4JHH = 3.0 Hz, 6-HPy), 9.76 (1 H, s, OH), 12.55 (1 H, br s, 
NH). Compound 9eb: 1H NMR (400 MHz, DMSO-d6): 
d = 2.57 (3 H, s, COCH3), 3.63 (3 H, s, NCH3), 3.74 (3 H, s, 
OCH3), 6.84 (1 H, d, 4JHH = 2.7 Hz, CH), 6.89 (1 H, d, 
3JHH = 9.0 Hz, CH), 6.96 (1 H, dd, 3JHH = 9.0 Hz, 4JHH = 2.7 
Hz, CH), 8.29 (1 H, d, 4JHH = 3.0 Hz, 4-HPy), 8.56 (1 H, d, 
4JHH = 3.0 Hz, 6-HPy), 9.75 (1 H, s, OH).

(11) Typical 13C MNR data (Varian Mercury-400 spectrometer) 
of pyridones obtained: Compound 7bb: 13C NMR (100 
MHz, DMSO-d6): d = 20.4 [(CH3)2CH], 21.3 (CH3), 50.3 
[(CH3)2CH], 102.7 (3-CPy), 116.4 (CN), 117.3 (5-CPy), 117.4 
(CH), 124.2 (Cq), 128.8 (CH), 131.1 (CH), 134.9 (Cq), 146.2 
(4-CHPy), 147.2 (6-CHPy), 154.3 (2-CPy), 159.5 (Cq), 190.7 
(C=O). Compound 7ef: 13C NMR (100 MHz, DMSO-d6): 
d = 56.1 (CH3O), 104.3 (3-CPy), 114.1 (5-CPy), 116.1 (CN), 
117.3 (CH), 118.5 (CH), 120.8 (CH), 124.6 (Cq), 127.2 
(CH), 129.9 (CH), 130.0 (CH), 139.8 (Cq), 148.3 (4-CHPy), 
150.1 (6-CHPy), 150.2 (2-CPy), 152.8 (Cq), 159.5 (Cq), 190.1 
(C=O). Compound 8ba: 13C NMR (100 MHz, DMSO-d6): 
d = 20.4 (CH3), 43.1 (CH2), 53.5 (CH2), 117.1 (3-CPy), 118.2 
(5-CPy), 119.5 (CH), 124.9 (CH), 127.5 (CH), 128.0 (CH), 
128.4 (CH), 128.5 (Cq), 128.6 (CH), 129.0 (CH), 129.3 
(CH), 130.6 (CH), 134.3 (Cq), 136.5 (Cq), 139.5 (Cq), 143.9 
(4-CHPy), 148.9 (6-CHPy), 154.1 (2-CPy), 161.9 (Cq), 162.9 
(CONH), 192.1 (C=O). Compound 9ea: 13C NMR (100 
MHz, DMSO-d6): d = 31.1 (COCH3), 56.1 (CH3O), 114.1 
(CH), 116.8 (5-CPy), 118.1 (CH), 119.6 (Cq), 125.7 (CH), 
126.3 (3-CPy), 142.9 (4-CHPy), 146.9 (6-CHPy), 149.9 (Cq), 
152.6 (2-CPy), 161.5 (Cq), 191.2 (COAr), 196.7 (COCH3). 
Compound 9eb: 13C NMR (100 MHz, DMSO-d6): d = 31.2 
(COCH3), 38.7 (NCH3), 56.1 (CH3O), 114.1 (CH), 116.5 (5-
CPy), 118.2 (CH), 119.8 (Cq), 124.8 (CH), 125.5 (3-CPy), 
142.6 (4-CHPy), 149.8 (Cq), 150.2 (6-CHPy), 152.6 (2-CPy), 
161.5 (Cq), 191.5 (COAr), 196.9 (COCH3).

(12) Typical IR data (Nexus-470 spectrometer) of pyridones 
obtained: Compound 7bb: IR (KBr): n = 3400–2700 (br, 
OH), 3068, 2985, 2932, 2226 (C≡N), 1671 (C=O), 1654 
(C=OPy), 1630, 1577, 1532, 1482 cm–1. Compound 7ef: IR 
(KBr): n = 3470–3150 (br, OH), 2231 (C≡N), 1677 (C=O), 
1660 (C=OPy), 1539, 1508, 1417 cm–1. Compound 8ba: IR 
(KBr): n = 3600–3100 (br, OH), 3288 (NH), 3056, 3023, 
2952, 1675 (C=O), 1664 (sh, C=OPy), 1632 (CONHCH2Ph), 
1603, 1528 cm–1. Compound 9ea: IR (KBr): n = 3600–3200 
(br, OH, NH), 3056, 2917, 2835, 1685 (COMe), 1665 
(C=OPh), 1637, 1593, 1485, 1218 cm–1. Compound 9eb: 
3500–3100 (br, OH), 3078, 2960, 1677 (COMe), 1646 
(C=OPy), 1538, 1508, 1413 cm–1.

(13) Typical MS data (MX-1321 instrument) of pyridones 
obtained: Compound 6a: MS (EI, 70 eV): m/z (%) = 240 
(39) [M+], 147 (19), 121 (86), 120 (100), 92 (45), 65 (54), 39 
(43). Compound 7ef: MS (EI, 70 eV): m/z (%) = 346 (30) 
[M+], 254 (11), 150 (100). Compound 8ba: MS (EI, 70 eV): 
m/z (%) = 452 (19) [M+], 106 (100), 91 (54). Compound 
9ea: MS (EI, 70 eV): m/z (%) = 287 (76) [M+], 272 (10), 150 
(100), 135 (21), 43 (24).Compound 9eb: MS (EI, 70 eV): 
m/z (%) = 301 (64) [M+], 286 (17), 150 (100), 135 (12).

(14) For related interactions of enolates with nitrile groups 
affording 2-pyridone ring see: Bondavalli, F.; Bruno, O.; Lo 
Presty, E.; Menozzy, G.; Mosti, L. Synthesis 1999, 1169.
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