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In the present investigation, the first incorporation of both ferrocene scaffold and 1,2-dihydro-2-
oxopyridine-3-carbonitrile pharmacophore leading to a series of structurally novel ferrocene-based
hybrids has been achieved, involving the condensation reaction of ferrocenyl substituted chalcones with
2-cyanoacetamide in a freshly prepared EtONa solution at 708. The molecular structures of these newly
synthesized products were confirmed by IR, and 1H- and 13C-NMR analyses.

Introduction. – Molecules containing the 2-oxopyridine-3-carbonitrile moiety have
received considerable interest from the medicinal community due to their potent
biological properties, particularly anticancer, antimicrobial, antidepressant, and
cardiotonic activities [1 – 4]. Among the successful examples as drug candidates
possessing the 1,2-dihydro-2-oxopyridine-3-carbonitrile nucleus are milrinone (1),
which has been introduced to the clinic for the treatment of congestive heart failure [5].
The recently reported oncogenic serine/threonine kinase PIM-1 inhibitor 2 and survivin
inhibitor 3 also contain this carbonitrile [6] [7]. Compound 4 with this ring system was
also reported to display robust in vivo activity in a sleep�wake electroencephalogram
(sw-EEG) [8].

These examples emphasize the importance of 1,2-dihydro-2-oxopyridine-3-carbo-
nitrile as key pharmacophores in bioactive small molecules. Apart from these, 2-
oxopyridine-3-carbonitrile derivatives also serve as important intermediates in the
synthesis of many biologically active compounds such as pyridone-containing
farnesyltransferase inhibitors [9]. Not surprisingly, the mentioned framework has
been an attractive synthetic target, and strategies for accessing new scaffolds of 2-
oxopyridine-3-carbonitrile are of great interest to synthetic chemists [10 – 13].
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On the other hand, it is well-established that the interchange of an aromatic or
heterocyclic ring with the ferrocene nucleus in some organic compounds possessing a
certain property (e.g., biological activity) might lead to products with enhanced or
unexpected chemical and pharmacological properties compared to that of the parent
compound. This fact could be rationalized as being due to the unique properties of the
ferrocene nucleus such as membrane permeation, aqueous stability, anomalous
metabolism, and redox behavior [14 – 16]. The incorporation of the ferrocene unit
into a heterocyclic molecule according to classical methods of organic chemistry has
been recognized as an attractive way to endow a novel molecule functionally [17] [18].
For example, Zhao and Liu demonstrated that the modification of ailanthoidol by a
ferrocenyl group enhanced its ability to quench radicals and to protect DNA against
radical-induced oxidation [19]. Thus, introduction of the ferrocene unit into bioactive
heterocyclic skeletons would be a challenge for medicinal applications. Therefore, it is
of high interest to synthesize ferrocene�heterocycle hybrids to expand the structure
diversity for current medicinal chemistry needs.

Considering the above mentioned findings, we conceived that the incorporation of
the ferrocene scaffold into the 2-oxopyridine-3-carbonitrile pharmacophore, leading to
a series of structurally novel compounds as possible drug-like candidates, would be of
synthetic importance. A literature survey revealed that there are a number of reports
for the synthesis of 1,2-dihydro-2-oxopyridine-3-carbonitrile derivatives, and consid-
erable attention has been focused on the synthesis of aryl or hetaryl substituted 2-
oxopyridine-3-carbonitrile. Although the importance of both 2-oxopyridine-3-carbo-
nitrile and ferrocene core compounds is undisputed, surprisingly, the synthesis of
ferrocenyl-substituted 2-oxopyridine-3-carbonitrile has not been achieved so far. Thus,
in continuation of our efforts to synthesize highly interesting types of heterocycles
[20 – 23], herein report the synthesis of a system, which combines these two impor-
tant components via the condensation of a ferrocenyl substituted chalcone with 2-
cyanoacetamide.

Results and Discussion. – The synthetic sequence employed in our laboratories for
preparation of 6-ferrocenyl-1,2-dihydro-2-oxo-4-phenylpyridine-3-carbonitriles, 3a –
3f, is outlined in Scheme 1. The starting compounds, ferrocenyl chalcones, were
prepared as previously described in [24] [25].
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The condensation of a chalcone or enone with 2-cyanoacetamide for the synthesis
of 1,2-dihydro-2-oxopyridine-3-carbonitrile derivatives is a well-known reaction. Prior
to the current investigation, a number of examples involving this reaction have been
reported [26 – 32]. For example, it has been reported that the condensation reaction of
chalcones with 2-cyanoacetamide using a catalytic amount of piperidine in EtOH [27]
or BuOH [29] yielded the 1,2-dihydro-2-oxopyridine-3-carbonitrile. However, in our
attempts to follow the method, we did not observe any trace of the expected product,
but only undefined mixtures. Further investigation towards the cyclocondensation
reaction was conducted according to reported methods using DMSO/tBuOK system
under an O2 atmosphere [28] [31]. Unfortunately, the attempts in our case were also
unfruitful, and no promising result was obtained even after refluxing for a prolonged
period (24 h). Recently, Ji and co-workers described the synthesis of ferrocenyl
substituted pyridine-3-carbonitriles via the condensation of ferrocenyl substituted
chalcones with malononitrile [33]. On this basis, we presumed that this approach can be
extended for our synthesis. Thus, we first investigated the reaction of ferrocenylchal-
cone 1a with 1.1 equiv. of 2-cyanoacetamide (2a) using EtONa/EtOH at 508, but this
led to a modest yield of 31% of 3a. Interestingly, a further increase of the reaction
temperature led to a significant increase in the yield of 3a, reaching 62% at a
temperature of 708. However, at temperatures > 708, by-products were formed as
observed on TLC, which reduced the yield of the desired products. After complete
formation of the product as monitored by TLC, H2O was added, the mixture was
acidified with 10% AcOH, and the precipitate, which separated on standing, was
collected. Recrystallization from EtOH gave the product in 62% yield. In addition, in
our case, the use of microwave irradiation did not further improve the yield, in contrast
to the literature results. To retain the simplicity of the procedure, no further changes in
reaction conditions were tested and the above mentioned condition was chosen for the
following work.

To further investigate the viability of the transformation, the reaction was tested
with other substituted ferrocenylchalcones 1b – 1f in a similar fashion. This reaction
invariably led to the formation of the corresponding 6-ferrocenyl-1,2-dihydro-2-
oxopyridine-3-carbonitriles 3b – 3f in acceptable yields, and the results of this series of
experiments are compiled in the Table.

Both electron-donating (Me and MeO) and electron-withdrawing (Cl and CN)
substituents of 1b – 1f were all well-tolerated when reacting with 2a, providing the

Table. Cyclocondensation Reaction of Ferrocenylchalcones with 2-Cyanoacetamide

Entry 3a – 3f R Time [h] Yield [%]a)

1 3a H 5 62
2 3b 4-Me 8 59
3 3c 4-MeO 8 61
4 3d 4-Cl 4 67
5 3e 4-CN 4 70
6 3f 2,6-Cl2 4 65

a) Yields of the isolated products.
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corresponding 3b – 3f in acceptable yields. But it is noteworthy that 1b and 1c with
electron-donating substituents required slightly longer reaction times for complete
conversion (Entries 2 and 3).

To the best of our knowledge, ferrocene substitution at C(6) of 1,2-dihydro-2-
oxopyridine-3-carbonitrile has not previously been reported. The structures of the
compounds 3a – 3f were confirmed via spectroscopic methods and elemental analyses,
with the results being in good agreement with the expected compounds. For instance,
the IR spectrum of compound 3b clearly exhibited the absorption bands characteristic
of the 2-oxopyridine C¼O group at 1629 cm�1, of the CN group at 2216 cm�1, and of the
NH group at 3455 cm�1. The main features of its 1H-NMR spectrum were the presence
of the signals corresponding to H�C(5) and NH of the 2-oxopyridine ring at 6.49 and
13.18 ppm, respectively, which is consistent with the assigned structure of 3b. In the 1H-
decoupled 13C-NMR spectrum, the signal for the C¼O group appeared at 164.28 ppm,
while the CN signal was detected at 116.65 ppm. All these observations are consistent
with the chemical shifts of similar types of 2-oxopyridine-3-carbonitrile [13] [27] [31],
and thus, clearly indicated the formation of the desired product. Finally, the obtained
elemental analysis values are also in agreement with calculated data.

On the basis of these experiments, a mechanistic proposal portraying the probable
sequence of events for the formation of the title compounds is outlined in Scheme 2.
Condensation of the two fragments involves in the first step the formation of the
Michael adduct A, which undergoes subsequent intramolecular nucleophilic cyclization
with participation of the amide N-atom and the chalcone C¼O group to form the
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dihydro-2-oxopyridine-3-carbonitrile C via B by elimination of H2O. Subsequently, the
species would be converted to an anion of the type D in the presence of excess EtONa,
which, in the presence of an oxidant such as O2, is further converted to radical anion E
via single-electron transfer [31] [34]. Finally, aromatization of E by loss of an H-atom
results in the formation of product 3.

1H-NMR Spectroscopy was used to monitor the reaction. However, neither the
Michael adduct A nor the cyclized intermediate C was detected. The result indicated
that the generated intermediate A was highly reactive and underwent spontaneous
cyclization with the subsequent dehydration and aromatization to provide the final 1,2-
dihydro-2-oxopyridine-3-carbonitrile. It is worthy to mention that Carles et al. [34]
observed that the condensation of an enone with 2-cyanoacetamide derivatives in the
presence of tBuOK yielded �descyano pyridine-2-ones� in the absence of an O2

atmosphere via �decyanidative aromatization�. However, under our reaction condi-
tions, the transformation leading to �descyano pyridin-2ones� was not observed,
probably because the O2 concentration in solution was sufficient to promote rapid
oxidation of C. An example that is particularly relevant to the present discussion is
described in [29], where 1,2-dihydro-2-oxopyridine-3-carbonitrile derivatives could
also be obtained in refluxing BuOH in the absence of O2.

Conclusions. – We have described a facile synthesis of a new series of ferrocenyl-
substituted 1,2-dihydro-2-oxopyridine-3-carbonitrile derivatives. In view of the syner-
gism of both the ferrocene ring system and pyridine-3-carbonitrile moiety in a single
molecule, the newly synthesized compounds would likely possess significant biological
activities and could be employed in the developement of lead compounds. The
biological activities of the synthesized compounds are under investigation. Addition-
ally, it should be emphasized that these compounds belong to a new class of 1,2-
dihydro-2-oxopyridine-3-carbonitrile systems, and thus, a further investigation of the
synthetic potential of these scaffolds should provide access to significant chemical
diversity via further derivatization reactions.

Experimental Part

General. M.p.: WRS-1B melting-point apparatus; uncorrected. IR Spectra: Shimadzu FT-IR-8400S
(Shimadzu, Japan) spectrophotometer; KBr pellets; ñ in cm�1. 1H- and 13C-NMR spectra: Bruker Avance
spectrometer, at 400 and 100 Mhz, resp., with CDCl3 or (D6)DMSO as solvent; d in ppm rel. to Me4Si as
internal standard, J in Hz. Elemental analyses: EL-III element analyzer.

General Procedure for the Preparation of 4-Aryl-6-ferrocenyl-1,2-dihydro-2-oxopyridine-3-carbo-
nitriles 3a – 3f. A mixture of one of the selected ferrocenyl chalcones 1a – 1f (1.0 mmol) [24] [25] and 2-
cyanoacetamide (2a ; 92.4 mg, 1.1 mmol) in 8 ml of a freshly prepared EtONa (68.0 mg, 1 mmol) soln. in
EtOH was stirred at 708. After the completion of the reaction (TLC), the mixture was acidified with 10%
AcOH, and the resulting solid, which precipitated on standing, was collected. Recrystallization from
EtOH gave the corresponding product (59 – 70% yields).

6-Ferrocenyl-1,2-dihydro-2-oxo-4-phenylpyridine-3-carbonitrile (3a). Yield: 235 mg (62%). Purple
needles. M.p. 246 – 2488. IR (KBr): 3449 (NH), 3103, 2217 (CN), 1633 (C¼O), 1588, 1535, 1491, 1444,
1378. 1H-NMR (400 MHz, CDCl3): 4.30 (s, 5 H, ferrocenyl (Fc)); 4.67 (s, 2 H, Fc); 5.11 (s, 2 H, Fc); 6.48
(s, C5NH); 7.55 – 7.58 (m, 3 H, Ph); 7.69 – 7.71 (m, 2 arom. H); 12.50 (s, NH). 13C-NMR (100 MHz,
CDCl3): 67.0; 68.0; 70.3; 70.9; 95.5; 102.8; 113.9; 127.2; 129.2; 129.7; 138.6; 147.9; 153.9; 165.2. Anal. calc.
for C22H16FeN2O (380.22): C 69.50, H 4.24, N 7.37; found: C 65.62, H 4.13, N 7.56.
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6-Ferrocenyl-1,2-dihydro-4-(4-methylphenyl)-2-oxopyridine-3-carbonitrile (3b) . Yield: 232 mg
(59%). Purple needles. M.p. 256 – 2588. IR (KBr): 3455 (NH), 3101, 2916, 2848, 2216 (CN), 1629
(C¼O), 1590, 1528, 1487, 1447, 1381. 1H-NMR (400 MHz, CDCl3): 2.44 (s, Me); 4.27 (s, 5 H, Fc); 4.64 (s,
2 H, Fc); 5.17 (s, 2 H, Fc); 6.49 (s, C5NH); 7.42 (d, J ¼ 8.4, 2 arom. H); 7.61 (d, J ¼ 8.4, 2 arom. H); 13.18
(s, NH). 13C-NMR (100 MHz, CDCl3): 21.5; 29.7; 68.0; 70.7; 72.4; 74.5; 92.7; 104.7; 116.7; 128.0; 129.6;
131.5; 140.9; 154.5; 160.1; 164.3. Anal. calc. for C23H18FeN2O (394.25): C 70.07, H 4.60, N 7.11; found: C
69.84, H 4.42, N 7.27.

6-Ferrocenyl-1,2-dihydro-4-(4-methoxyphenyl)-2-oxopyridine-3-carbonitrile (3c). Yield: 250 mg
(61%). Purple needles. M.p. 240 – 2418. IR (KBr): 3440 (NH), 3104, 2918, 2850, 2217 (CN), 1632
(C¼O), 1598, 1528, 1489, 1447, 1386. 1H-NMR (400 MHz, (D6)DMSO): 3.86 (s, MeO); 4.21 (s, 5 H, Fc);
4.62 (s, 2 H, Fc); 5.30 (s, 2 H, Fc); 6.65 (s, C5NH); 7.13 (d, J ¼ 8.4, 2 arom. H); 7.69 (d, J ¼ 8.4, 2 arom. H);
12.21 (s, NH). 13C-NMR (100 MHz, (D6)DMSO): 55.9; 68.4; 70.7; 72.2; 75.1; 95.5; 103.7; 114.5; 118.0;
128.7; 130.3; 154.3; 159.1; 161.4; 162.5. Anal. calc. for C23H18FeN2O2 (410.25): C 67.34, H 4.42, N 6.83;
found: C 67.14, H 4.29, N 6.67.

4-(4-Chlorophenyl)-6-ferrocenyl-1,2-dihydro-2-oxopyridine-3-carbonitrile (3d) . Yield: 277 mg
(67%). Purple needles. M.p. 262 – 2648. IR (KBr): 3459 (NH), 3105, 2213 (CN), 1629 (C¼O), 1595,
1527, 1487, 1445, 1422, 1383. 1H-NMR (400 MHz, (D6)DMSO): 4.22 (s, 5 H, Fc); 4.64 (s, 2 H, Fc); 5.31 (s,
2 H, Fc); 6.48 (s, C5NH); 7.66 (d, J ¼ 8.4, 2 arom. H); 7.71 (d, J ¼ 8.4, 2 arom. H); 12.36 (s, NH).
13C-NMR (100 MHz, (D6)DMSO): 68.4; 70.7; 72.5; 74.3; 96.2; 103.7; 117.5; 129.1; 129.2; 130.6; 132.3;
135.5; 158.4; 162.3. Anal. calc. for C22H15ClFeN2O (414.67): C 63.72, H 3.65, N 6.76; found: C 63.81, H
3.50, N 6.62.

4-(4-Cyanophenyl)-6-ferrocenyl-1,2-dihydro-2-oxopyridine-3-carbonitrile (3e) . Yield: 283 mg
(70%). Orange needlels. M.p. 243 – 2458. IR (KBr): 3436 (NH), 3101, 2212 (CN), 2220 (CN), 1622
(C¼O), 1589, 1516, 1483, 1443, 1417, 1379. 1H-NMR (400 MHz, (D6)DMSO): 4.17 (s, 5 H, Fc); 4.48 (s,
2 H, Fc); 5.15 (s, 2 H, Fc); 6.41 (s, C5NH); 7.75 (d, J ¼ 8.8, 2 arom. H); 7.98 (d, J ¼ 8.8, 2 arom. H); 11.74
(s, NH). 13C-NMR (100 MHz, (D6)DMSO): 67.4; 68.1; 70.3; 70.9; 111.6; 119.1; 128.3; 129.8; 132.6; 133.2;
143.6; 152.6; 162.8; 163.7. Anal. calc. for C23H15FeN3O (405.23): C 68.17, H 3.73, N 10.37; found: C 68.39,
H 3.55, N 10.20.

4-(2,6-Dichlorophenyl)-6-ferrocenyl-1,2-dihydro-2-oxopyridine-3-carbonitrile (3f). Yield: 292 mg
(65%). Purple needles. M.p. 249 – 2518. IR (KBr): 3457 (NH), 3102, 2221 (CN), 1640 (C¼O), 1597,
1532, 1489, 1459, 1429, 1382. 1H-NMR (400 MHz, (D6)DMSO): 4.19 (s, 5 H, Fc); 4.66 (s, 2 H, Fc); 5.35 (s,
2 H, Fc); 6.72 (s, C5NH); 7.58 (d, J ¼ 8.4, 2 arom. H); 7.71 (t, J ¼ 8.4, 1 arom. H); 12.57 (s, NH). 13C-NMR
(100 MHz, (D6)DMSO): 68.7; 70.9; 72.9; 74.1; 97.7; 104.3; 116.1; 129.1; 132.3; 132.7; 155.5; 156.8; 161.8.
Anal. calc. for C22H14Cl2FeN2O (449.11): C 58.84, H 3.14, N 6.24; found: C 58.97, H 3.32, N 6.10.
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