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Abstract

Ethoxymethylenemalonodinitrile 1B and ethyl ethoxymethylenecyanoacetate 1C in
cyclocondensations with 2-cyanoacetanilides 2 behave as a three-carbon fragment transfer
reagent to afford the corresponding 5-cyano- and 5-ethoxycarbonyl-6-amino-1-aryl-3-
cyanopyridin-2(1H)-one derivatives 7B and 8C. One carbon transfer described earlier for such
reactions with a use of diethyl 2-(ethoxymethylene)malonate 1A was observed only as a side
process in the case of 1C leading to 2-amino-5-cyano-6-oxo-N,1-diaryl-1,6-dihydropyridine-3-
carboxamides.
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Introduction

The pyridine ring is fundamental heterocyclic fragment of naturally occurring biomolecules and
synthetic compounds. Within several last decades, many affords have been made to design novel
synthetic approaches for pyridine! and 2-pyridone? derivatives, mostly small and drug-like
molecules. Pharmaceutical properties of N-aryl-2-pyridone derivatives can be illustrated by
several examples of bioactive compounds. Among them pirfenidone (Figure 1) has antiphlogistic
properties® that are useful at conditions of different inflammatory states®. A 3-cyano-2-pyridone
derivative, INDOPY-1, has been recently discovered as a human immunodeficiency virus type-1
reverse transcriptase inhibitor® and patented for treatment of HIV-1 and other viral infections.®
Another 3-cyano-2-pyridone, milrinone, is a long term known inotropic drug, which is applied
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for treatment of heart failure.”® Finally, a small alkaloid, ricinine, has been isolated from a toxic

plant, castor oil bean (Ricinus communis), and it is suggested as a putative memory-enhancor.®
Me
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NO,
Pirfenidone INDOPY-1 Milrinone Ricinine

Figure 1. Biologically active 2-pyridone derivatives.

In our earlier publication series, we have demonstrated synthetic potential of malonic acid
ethoxymethylene  derivatives in  the reactions with thiocyanoacetamide!® and
monothiomalonamides!! leading to different 1H-pyridin-2-one derivatives under strong basic
conditions (EtONa/EtOH). Many other applications of such highly functionalized
alkoxyethylenes for the synthesis of different heterocycles have been also published in the
literature.'? On the other hand, cyanoacetamides bearing variable diversity point®® in the amide
group are also described to be used in the 2-pyridone ring synthesis.}* Though the reactions
between the derivatives of ethoxymethylenemalonic acid and N-substituted reminded unknown
in the literature until recently.

In our recent report!® we have described the reaction of diethyl ethoxymethylenemalonate
(DEEMM) 1A with cyanoacetanilides 2. This interaction was shown to give N,1-diaryl-
substituted pyridone-3-carboxamides 3 instead of the expected ethyl Z1-arylpyridone-3-
carboxylates 4 (Scheme 1), which also was formed in a small amount. The application of lower
loading of sodium ethoxide (0.5 equiv) favored the formation of an open chain intermediate 5.
Thus, DEEMM 1A reacted as a one carbon moiety supplier that links two CH-acids (2) by the
methyne bridge, whereas its ability to act as a three-carbon transfer synthon in the formation of
the pyridone 4 appeared to be quite restricted.
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Hereby we aimed to compare the Dbehavior of different derivatives of
ethoxymethylenemalonic acid bearing cyano and ethyl carboxylate groups in their reactions with
cyanoacetanilides 2a-g. For this purpose we use here ethoxymethylenemalonodinitrile 1B and
ethyl ethoxymethylenecyanoacetate 1C (Figure 2).
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Figure 2. Selected starting compounds.

Results and Discussion

Application of the previously described conditions (Scheme 1) for the reaction of
ethoxymethylenemalonodinitrile 1B with cyanoacetanilides 2a-g (Scheme 2) resulted in
formation of the expected 6-amino-1-aryl-2-oxo-1,2-dihydropyridine-3,5-dicarbonitriles 7Ba-
Bg'® formed as precipitates in good isolated yields after recrystallization (Table 1). The use of
less amounts of EtONa resulted in significantly lower product yields.

NC NHAr  EtONa NC CN
X
.+ NC/\g (1.0 equiv) H
t _—-—-—

NC  OE EtOH, 1t~ HN7 N0
1B 2a-g Ar

Scheme 2

The isolated yields for the crude pyridones 7 were near to quantitative. However the crude
products required purification from the sodium ethoxide remains and the isolated yields for the
pure products 7Ba-Bg (Table 1) obtained by recrystallization varied between 55-78%.

The spectral and analytical data for these novel products 7Ba-Bg fully corresponds to the
drawn structure. In the IR spectra of these compounds two characteristic bands of the cyano
groups are observed as well as bands corresponding to NH, and C=0 group vibrations. The 'H
and *C NMR spectral data are also in accordance with the suggested structure.
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Thus in contrast to DEEMM 1A (Scheme 1) which supplies one carbon methane moiety to
the final pyridone ring, ethoxymethylenemalonodinitrile 1B works as three carbon transfer
reagent providing the efficient synthesis of dicyanopyridones 7B.

Table 1. Isolated yields of the synthesized compounds 7Ba-Bg and 8Ca-Cg

R Isolated yields, % Isolated yields, %
Product 7Ba-Bg Product 8Ca-Cg
a H 55 53
b p-Me 60 62
c m-Me 78 65
d 0-OMe 75 55
e o-Et 55 68
f 0-NO2 61 60
g p-ClI 75 74

Ethyl ethoxymethylenecyanoacetate 1C contains the cyano and ethyl carboxylate groups and
both of them may participate in the final stage of the pyridone ring closure during the reaction
with cyanoacetanilides 2a-g. Thus formation of products 8 and 9 can be expected. In addition the
competitive process of the one carbon moiety transfer with formation of N,1-diarylpyridines 3
may also complicate the reaction (Scheme 1). Thus, three directions for the transformation of the
polifunctionalized building-block 1C may be possible. Our experiments has demonstrated
(Scheme 3) that the reaction between 1C and nitriles 2a-g leads to 2-aminopyridine-3-
carboxylate derivatives 8Ca-Cg® formed as main products and isolated in average yields after
recyclization (Table 1).

0
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The formation of the previously described N,1-diarylpyridines 3'° was detected by LC/MS
and *H NMR of the crude reaction products in very small amounts (~4%). Thus this interaction
leads to two products: the main product 8 and by-product 3. At the same time, the possible
products of the ring closure by the ethyl carboxylate group 9 were not detected.

Scheme 3
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Taking into account the results obtained (Schemes 1-3) one can suggest the following
mechanistic concept for the reactivity of the ethoxymethylene derivatives 1A-C with
cyanoacetanilides 2. It can be concluded the intramolecular nucleophilic addition of the amide
NH to the cyano group is more favorable than the intramolecular acylation of the amide nitrogen
by the ethyl carboxylate group. From this point of view, it is clear why the reaction of the
dinitrile 1B (Scheme 2) proceeds easily giving one product 7, whereas in the case of the diester
1A the intermolecular acylation (with formation of 4, Scheme 1) represents only a side
transformation, while the mainstream reaction appears to be the one carbon transfer leading to
diaryl derivatives 3. When the cyano and ethyl carboxylate groups compete in one reaction
(Scheme 3), the main product 8 is formed also due to the ring closure involving the cyano group,
and the one carbon transfer becomes the side process in this case. The formation of diaryl
derivatives 3 may be accomplished via two possible mechanisms.® The first (Scheme 4)
suggests initial transfer of the ethoxymethylene moiety from 1C onto the active cyanomethylene
compound 2 giving ethoxymethylene derivative 11, which then reacts with another molecule 2
resulting in pyridone 3. This process should be slower than the conjugate addition of the
methylene active nitrile 2 to 1C followed by formation of the main product 8 via an open chain
intermediate (E)-10. Alternatively, due to the hindered intermolecular acylation in the
intermediate (Z)-10, the diaryl derivative 3 could be formed via Michael addition of the active
nitrile 2 to (Z)-10 followed by retro-Michael addition (Scheme 4).
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We suppose that structure of the intermediate 10 is similar to the structure of the linear
product 5 that was described earlier.® In the strong basic medium all five carbon atoms of anion
10 have sp?-hybridization (Scheme 4). The excessive negative charge in the intermediate 10 is
probably efficiently dispelled between the electron acceptor groups in the molecule that should
form a plane structure. In the case of the intramolecular nucleophilic addition of the amide NH to
the cyano group (intermediate (E)-10) the structure remains planar during the ring closure
process. On the other hand, the cyclization of (Z)-10 involving COOEt group requires violating
of the planar structure and breaking the conjugation. We assume that this can be the reason why
the ethyl carboxy group unwillingly reacts with the amide nitrogen and loses the competition in
favor of the cyano group.

It should be pointed that when such conjugation is absent in the acyclic intermediate 13 the
cyclization into the pyridone ring proceeds by the reaction of the amide nitrogen and COOEt
group avoiding the neighboring nitrile function. Thus the ethylene derivatives 11 were
described!’” to react with cyanoacetamide 12 under similar conditions giving the products of
intramolecular acylation of the amide nitrogen 14 (Scheme 5).
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EtooCc  R! NH Rl R? RUR
>:< .\ NC/\[( 2 EoNa NCHCN NCIICN
NC R? o} N
EtOH L.
11 12 EtO™ W% HN" ~0 @) H o}
R® = Alkyl or Aryl 13 14
R? = Alkyl
Scheme 5

In the case of intermediates of type 13 where the conjugation is absent the ring closure with
participation of the COOEt group proceeds smoothly. A number of similar cyclizations where
ethyl carboxylate group forms pyridone ring with (thio)amide function are also described using
different reaction conditions.® However beside our rationalization of these facts there also can
be other specific rezones for such alternation of the relative reactivity.

Conclusions

The competing pathways for the transformations of 2-cyanoacetanilides in the reactions with
derivatives of ethoxymethylenemalonic acid 1A-B are outlined on the Scheme 6. It can be
concluded that in such reaction the cyano group readily reacts with the amide nitrogen to form
the 6-aminopyrid-2-one cycle. Vice-versa, the ethyl carboxylate function unwillingly participates
in the ring closure. This is in contrast to the analogous hydrogenated derivatives where the
opposite relative reactivity of these groups is observed (Scheme 5). These facts are rationalized
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on the bases of our suggested reaction mechanism (Scheme 4) where the cyclization of the
intermediate 10 with participation of COOEt group requires unfavorable violation of the
conjugated planar structure 10 while the conjugative addition to the cyano group can be
accomplished without such steric hindrance.
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Scheme 6

Finally, the dicyano derivative 1B in the reactions with cyanoacetanilides 2 acts as an
efficient three carbon transfer reagent in the formation of compounds 7. The mono cyano
derivative 1C acts also in this way giving the main products 8, but already demonstrates its weak
ability to react as one carbon moiety supplier giving small amounts of compounds 3. This
pathway becomes the major one when the both cyano groups are substituted by ethyl carboxylate
functions in 1A, and this reagent unwillingly gives the corresponding three carbon transfer
products 4 (Scheme 7). It should be pointed that the propensity of the ethoxymethylene
derivatives to act as one carbon linkers of two CH-acids has not been discussed previously in the
literature,'® except our preliminary work.*®
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The increase of ability to act as one carbon linker reagent

EtOO0C EtOO0C NC

Et0O0C OEt NC OEt NC OEt
1A 1C 1B

The increase of ability to supply the 3-C fragment into 2-pyridone ring

Scheme 7

The ethoxymethylenemalonic acid derivatives are small poly-functional reactive building
blocks and in this work their competing transformations with 2-cyanoacetanilides leading to
different highly substituted 2-pyridones have been elucidated and rationalized.

Experimental Section

General. The IR spectra were recorded on a FIR «Spectrum One» (PerkinElmer) in KBr.
Melting points were determined on a Koeffler apparatus. *H and *C NMR spectra were recorded
on Varian Mercury VX-200 and Bruker Avance DRX 500 spectrometers in DMSO-ds with TMS
as an external standard. LC/MS data were recorded using chromatography/mass spectrometric
system “Agilent 1100 Series” equipped with a diode-matrix and mass selective detector “Agilent
LC/MSD SL” with Zorbax SB-C18, 1.8 um, 4.6 mm x 15 mm column using eluents: A,
acetonitrile/water (95:5), 0.1% TFA, B, water (0.1% of TFA) and eluent flow: 3 mL/sec. Volume
of the injected sample was 1 pL. UV detectors were operated at 215, 254 and 265 nm. Chemical
ionization under atmospheric pressure was used in MS detector. lonization mode: simultaneous
scanning of positive and negative ions in the mass range of 80-1000 m/z. TLC was performed on
Silufol UV-254 plates with eluent system: acetone-hexane (3:5), visualization: UV light, iodine
vapors.

Preparation of compounds 7 and 8. Sodium (0.005 mol) was dissolved in absolute EtOH, to
this solution the appropriate CH-acid 2(a-g) (0.005 mol) was added and stirred for 5 min at rt.
Ethoxymethylenes 1B or 1C (0.005 mol) was added to this mixture and stirred for 1 h at rt. The
precipitate 7 or 8 correspondingly was filtered off and washed with ethanol and hexane,
crystallized from AcOH, BuOH, MeOH or DMF.

6-Amino-2-oxo-1-phenyl-1,2-dihydropyridine-3,5-dicarbonitrile (7Ba). Yield 55%; pale
yellow powder (from MeOH); mp 235 °C. IR (KBr) cm™: 3375, 3293, 3214 (NH,), 2227, 2209
(C=N), 1693 (C=0). LC/MS, m/z (%): 237.0 (100) [M+1]*. *H NMR (500 MHz, DMSO-ds) §
7.15 (d, J =7.6 Hz, 2H, Ha/), 7.40 (t, J = 6.9 Hz, 1H, Ha/), 7.48 (t, J = 7.6 Hz, 2H, Har), 7.74 (5,
1H, C*H), the signal of NH, was not observed presumably due to the fast deuteron-exchange.
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13C NMR (50 MHz, DMSO-dg) & 77.85, 79.44, 118.97, 119.59, 128.02, 128.69, 129.60, 129.94,
136.84, 147.79, 162.05. Anal. Calcd for C13HsN4O: C, 66.1; H, 3.4; N, 23.7. Found: C, 66.4; H,
3.8; N, 23.9. M = 236,23.

6-Amino-2-0xo-1-p-tolyl-1,2-dihydropyridine-3,5-dicarbonitrile (7Bb). Yield 60%; pale
yellow powder (from AcOH); mp 314-315 °C. IR (KBr) cm™: 3395, 3299 (NHy), 2220, 2217
(C=N), 1678 (C=0). LC/MS, m/z (%): 249.2 (100) [M-1]". *H NMR (500 MHz, DMSO-ds) &
2.39 (s, 3H, CH3), 7.21 (d, J = 8.0 Hz, 2H, Ha/), 7.38 (d, J = 7.9 Hz, 2H, Ha/), 8.29 (s, 1H, C*H),
the signal of NH2 was not observed presumably due to the fast deuteron-exchange. *C NMR (50
MHz, DMSO-ds) 6 21.38, 74.02, 87.67, 116.48, 117.25, 128.67, 131.35, 131.62, 139.88, 150.31,
158.22, 160.09. Anal. Calcd for C14H10N4O: C, 67.2; H, 4.0; N, 22.4. Found: C, 67.5; H, 4.1; N,
22.5. M = 250,26.

6-Amino-2-oxo-1-m-tolyl-1,2-dihydropyridine-3,5-dicarbonitrile (7Bc). Yield 78%; pale
yellow powder (from MeOH); mp 233-234 °C. IR (KBr) cm™: 3390, 3301, 3218 (NHy), 2225,
2213 (C=N), 1693 (C=0). LC/MS, m/z (%): 249.0 (100) [M-1]". *H NMR (500 MHz, DMSO-ds)
5 2.32 (s, 3H, CHs), 6.89 (d, J = 7.3 Hz, 1H, Har), 6.92 (s, 1H, Har), 7.19 (d, J = 7.3 Hz, 1H,
Har), 7.35 (t, J = 7.4 Hz, 1H, Ha/), 7.63 (s, 1H, C*H), the signal of NH, was not observed
presumably due to the fast deutero-exchange. *C NMR (50 MHz, DMSO-dg) & 21.28, 78.25,
79.94, 119.08, 119.57, 126.62, 129.64, 129.97, 130.09, 136.38, 139.68, 147.89, 158.45, 162.09.
Anal. Calcd for C14H10N4O: C, 67.7; H, 4.5; N, 22.8. Found: C, 67.2; H, 4.0; N, 22.4. M =
250,26.

6-Amino-1-(2-methoxyphenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (7Bd). Yield
75%; yellow powder (from MeOH); mp 158-159 °C. IR (KBr) cm™: 3503, 3312, 3202 (NH>),
2230, 2214 (C=N), 1671 (C=0), 1639. LC/MS, m/z (%): 264.8 (100) [M+1]*. *H NMR (500
MHz, DMSO-ds) 6 3.78 (s, 3H, CHz), 7.12 (t, J=7.5 Hz, 1H, Har), 7.26 (d, J = 8.3 Hz, 1H, Ha:),
7.29 (d, J=7.5 Hz, 1H, Has), 7.54 (t, J = 7.9 Hz, 1H, Ha), 8.31 (s, 1H, C*H), the signal of NH.
was not observed presumably due to the fast deuteron-exchange. *C NMR (50 MHz, DMSO-ds)
d 56.69, 74.32, 87.21, 114.20, 116.67, 117.30, 122.25, 122.66, 130.47, 132.23, 150.32, 155.48,
158.31, 159.72. Anal. Calcd for C14H10N4O2: C, 63.2; H, 3.8; N, 21.0. Found: C, 63.6; H, 3.5; N,
21.3. M = 266,25

6-Amino-1-(2-ethylphenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (7Be). Yield 55%;
yellow powder (from AcOH); mp 220-225 °C. IR (KBr) cm™: 3450, 3315, 3270 (NHy), 2220,
2214 (C=N), 1695, 1680 (C=0). LC/MS, m/z (%): 265.2 (100) [M+1]*. *H NMR (500 MHz,
DMSO-ds) 6 1.08 (t, J = 7.5 Hz, 3H, CH2CHz), 2.28 (q, J = 7.5 Hz, 2H, CH>CHs), 7.22 (d, J =
7.7 Hz, 1H, Har), 7.38 (t, J = 5.6 Hz, 1H, Har), 7.47 (d, J = 5.9 Hz, 1H, Har), 7.49 (t, J = 4.9 Hz,
1H, Har), 7.93 (br. s, 2H, NH), 8.31 s (1H, C*H). *C NMR (50 MHz, DMSO-dg) & 14.17, 23.73,
74.35, 87.83, 116.74, 117.14, 128.55, 129.30, 130.56, 130.96, 132.73, 141.79, 150.53, 158.08,
159.82. Anal. Calcd for C1sH12N4O: C, 68.2; H, 4.6; N, 21.2. Found: C, 68.3; H, 4.5; N, 21.4. M
= 264,28.

6-Amino-1-(2-nitrophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (7Bf). Yield 61%;
pale brown powder (from DMF); mp 292-294 °C. IR (KBr) cm™: 3445, 3280 (NH,), 2235, 2213
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(C=N), 1683 (C=0). LC/MS, m/z (%): 280.0 (100) [M-1]. *H NMR (500 MHz, DMSO-ds) §
7.71 (d, J = 7.6 Hz, 1H, Har), 7.83 (t, J = 6.7 Hz, 1H, Har), 7.97 (t, J = 7.49 Hz, 1H, Ha/), 8.32
(d, J=8.0 Hz, 1H, Ha/), 8.37 (s, 1H, C*H), the signal of NHz was not observed presumably due
to the fast deuteron-exchange. *C NMR (50 MHz, DMSO-ds) & 75.08, 87.24, 116.28, 116.76,
126.98, 128.29, 132.24, 132.57, 136.88, 146.77, 151.13, 158.33, 159.76. Anal. Calcd for
C13H7NsO3: C, 55.3; H, 2.9; N, 25.4. Found: C, 55.5; H, 2.5; N, 24.9. M = 281,23.
6-Amino-1-(4-chlorophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile  (7Bg).  Yield
30%; pale yellow powder (from DMF); mp 298-299 °C. IR (KBr) cm™: 3339 (NH,), 2219
(C=N), 1653 (C=0). LC/MS, m/z (%): 270.0 (100) [M-1]". *"H NMR (500 MHz, DMSO-ds) &
7.41(d, J =6.8 Hz, 2H, Ha/), 7.64 (d, J = 6.8 Hz, 2H, Har), 7.94 (br. s, NHy), 8.30 (s, 1H, C*H),
the signal intensity of NH, was lowered presumably due to the fast deuteron-exchange. 3C NMR
(50 MHz, DMSO-ds) 6 30.63, 73.63, 87.01, 115.91, 116.60, 130.39, 130.57, 132.78, 134.63,
149.94, 157.63, 159.46. Anal. Calcd for C13H,CIN4O: C, 57.7; H, 2.6; N, 20.7. Found: C, 57.5;
H, 2.5; N, 20.9. M = 270,67.

Ethyl 2-amino-5-cyano-6-oxo-1-phenyl-1,6-dihydropyridine-3-carboxylate (8Ca). Yield
53%; yellow powder (from BuOH); mp 168-170 °C. IR (KBr) cm™: 3351 (NH,), 2220 (C=N),
1691, 1656 (C=0). LC/MS, m/z (%): 284.0 (100) [M+1]*. *H NMR (500 MHz, DMSO-dg) §
1.18 (t, J = 7.1 Hz, 3H, CH2CHz), 4.06 (q, J = 7.1 Hz, 2H, CH.CH3), 6.96 (t, J = 7.6 Hz, 1H,
Har), 7.23 (t, J = 7.9 Hz, 2H, Ha/), 7.58 (d, J = 7.6 Hz, 2H, Har), 8.10 (s, 1H, C*H), 8.64 (br. s,
NH), the signal intensity of NH, was lowered presumably due to the fast deuteron-exchange.
13C NMR (50 MHz, DMSO-ds) & 14.74, 60.32, 83.55, 92.31, 118.93, 129.05, 129.09, 129.50,
130.08, 130.08, 136.42, 147.26, 158.60, 161.45, 165.87. Anal. Calcd for C1sH13N303: C, 63.6; H,
4.6; N, 14.8. Found: C, 63.8; H, 4.8; N, 14.9. M = 283,28.

Ethyl 2-amino-5-cyano-6-oxo-1-p-tolyl-1,6-dihydropyridine-3-carboxylate (8Cb). Yield
62%; pale brown powder (from BuOH); mp 125-128 °C. IR (KBr) cm™: 3480 (NH.), 2210
(C=N), 1646 (C=0). LC/MS, m/z (%): 298.0 (100) [M+1]*. *H NMR (500 MHz, DMSO-ds) §
1.19 (t, J = 7.1 Hz, 3H, CH2CHa), 2.26 (s, 3H, CH3Ar), 4.07 (g, J = 7.1 Hz, 2H, CH2CH3), 7.14
(d, J = 8.2 Hz, 2H, Hay), 7.43 (d, J = 8.2 Hz, 2H, Ha), 8.62 (s, 1H, C*H) 10.20 (s, NHy), the
signal intensity of NH, was lowered presumably due to the fast deuteron-exchange. *C NMR
(50 MHz, DMSO-de) & 15.47, 20.98, 57.76, 59.33, 59.66, 119.91, 120.83, 129.38, 131.84,
137.89, 148.87, 149.80, 150.86, 164.78, 167.60, 183.96. Anal. Calcd for C16H15N303: C, 64.5; H,
5.1; N, 14.1. Found: C, 63.8; H, 5.7; N, 14.9. M = 297,31.

Ethyl 2-amino-5-cyano-6-oxo-1-m-tolyl-1,6-dihydropyridine-3-carboxylate (8Cc). Yield
65%; yellow powder (from MeOH); mp 154-155 °C. IR (KBr) cm™: 3378 (NHy), 2205 (C=N),
1684, 1650 (C=0). LC/MS, m/z (%): 296.0 (100) [M-1]". *H NMR (500 MHz, DMSO-dg) § 1.17
(t, J=17.1 Hz, 3H, CH2CHz), 2.24 (s, 3H, ArCHzs), 4.05 (q, J=7.1 Hz, 2H, CH2CH3), 6.78 (d, J =
7.2 Hz, 1H, Hay), 7.11 (t, J = 7.8 Hz, 1H, Ha), 7.37 (d, J = 7.8 Hz, 1H, Ha/), 7.41 (s, 1H, Hay),
8.08 (s, 1H, C*H), 8.56 (s, NH>), the signal intensity of NH, was lowered presumably due to the
fast deuteron-exchange. *C NMR (50 MHz, DMSO-ds) & 14.74, 21.44, 61.26, 88.02, 90.95,
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117.52, 126.12, 129.53, 130.79, 134.29, 140.73, 148.46, 157.79, 160.26, 165.90. Anal. Calcd for
C16H15N30s: C, 64.6; H, 5.1; N, 14.1. Found: C, 63.8; H, 4.9; N, 14.6. M = 297,31.

Ethyl 2-amino-5-cyano-1-(2-methoxyphenyl)-6-oxo-1,6-dihydropyridine-3-carboxylate
(8Cd). Yield 55%; pale yellow powder (from BuOH); mp 180-183 °C. IR (KBr) cm™: 3567,
3481, 3391 (NH.), 2216 (C=N), 1673, 1631 (C=0). LC/MS, m/z (%): 314.0 (100) [M+1]*. H
NMR (500 MHz, DMSO-dg) 6 1.18 (t, J = 6.9 Hz, 3H, CH2CHa), 3.85 (s, 3H, OCHz), 4.06 (q, J
= 6.9 Hz, 2H, CH>CHa), 6.88 (t, J = 7.4 Hz, 1H, Har), 6.96 (t, J =7.9 Hz, 1H, Har), 7.02 (d, J =
7.9 Hz, 1H, Har), 8.13 (s, 1H, C*H), 8.21 (br s, NH), 8.25 (d, J = 7.8 Hz, 1H, Ha/), the signal
intensity of NH2 was lowered presumably due to the fast deuteron-exchange. *C NMR (50 MHz,
DMSO-de) 8 15.10, 56.53, 59.58, 72.78, 75.14, 111.12, 118.89, 118.99, 120.16, 121.07, 123.05,
128.82, 148.09, 149.22, 163.65, 167.22. Anal. Calcd for C1sH1sN3O4: C, 61.3; H, 4.8; N, 13.4.
Found: C, 61.7; H, 4.8; N, 13.8. M = 313,31.

Ethyl 2-amino-5-cyano-1-(2-ethylphenyl)-6-oxo-1,6-dihydropyridine-3-carboxylate (8Ce).
Yield 68%; yellow powder (from DMF); mp 163-165 °C. IR (KBr) cm™: 3495, 3465, 3421
(NHy), 2205 (C=N), 1680, 1645 (C=0). LC/MS, m/z (%): 312.0 (100) [M+1]*. *H NMR (500
MHz, DMSO-ds) & 1.14 (t, J = 7.6 Hz, 3H, CH>CHzs), 1.18 (t, J = 7.1 Hz, 3H, OCH2CHg), 2.55
(9, J = 6.9 Hz, 2H, CH2CH3), 4.05 (g, J = 7.1 Hz, 2H, OCH2CH3), 7.04 (t, J = 7.4 Hz, 1H, Ha/),
7.13 (t, J=7.6 Hz, 1H, Ha/), 7.18 (d, J = 7.5 Hz, 1H, Ha), 7.66 (d, J = 8.0 Hz, 1H, Har), 8.09 (s,
1H, C*H), 8.10 (s, NH), the signal intensity of NH, was lowered presumably due to the fast
deuteron-exchange. 3C NMR (50 MHz, DMSO-ds) & 14.42, 15.15, 24.52, 59.52, 72.45, 75.77,
119.24, 120.35, 123.84, 124.52, 126.51, 128.98, 135.69, 137.39, 149.55, 164.61, 167.56. Anal.
Calcd for C17H17N303: C, 65.6; H, 5.5; N, 13.5. Found: C, 65.8; H, 5.8; N, 13.9. M = 311,34.
Ethyl 2-amino-5-cyano-1-(2-nitrophenyl)-6-oxo-1,6-dihydropyridine-3-carboxylate (8Cf).
Yield 60%; yellow crystals (from DMF); mp 237-238 °C. IR (KBr) cm™: 3379, 3286 (NH>),
2207 (C=N), 1694, 1650 (C=0). LC/MS, m/z (%): 329.0 (100) [M+1]*. *H NMR (500 MHz,
DMSO-de) 6 1.19 (t, J = 7.1 Hz, 3H, CH2CHa3), 4.08 (q, J = 7.1 Hz, 2H, CH>CHa), 7.19 (t, J =
7.3 Hz, 1H, Har), 7.69 (t, J = 7.3 Hz, 1H, Ha/), 8.12 (d, J = 7.1 Hz, 1H, Ha/), 8.15 (s, 1H, C*H),
854 (d, J = 8.4 Hz, 1H, Har), 10.39 (s, NH), the signal intensity of NH> was lowered
presumably due to the fast deuteron-exchange. 3C NMR (50 MHz, DMSO-ds) & 14.64, 60.98,
85.32, 91.88, 117.63, 126.65, 128.81, 131.95, 132.24, 136.54, 146.69, 148.72, 157.79, 160.31,
165.59. Anal. Calcd for C1sH12N4Os: C, 54.9; H, 3.7; N, 17.1. Found: C, 54.8; H, 4.1; N, 17.5. M
= 328,28.

Ethyl 2-amino-1-(4-chlorophenyl)-5-cyano-6-oxo-1,6-dihydropyridine-3-carboxylate (8Cg).
Yield 74%; yellow crystals (from DMF); mp 245-247 °C. IR (KBr) cm™: 3319, 3188 (NH>),
2225 (C=N), 1693, 1667 (C=0). LC/MS, m/z (%): 317.0 (100) [M-1]*. *H NMR (500 MHz,
DMSO-ds) 6 1.31 (t, J = 7.1, Hz, 3H, CH2CHs), 4.26 (q, J = 7.1 Hz, 2H, CH,CH3), 7.44 (m, 2H,
Har), 7.67 (m, 2H, Ha), 8.38 (s, 1H, C*H), 8.91 (br. s, NHy), the signal intensity of NH, was
lowered presumably due to the fast deuteron-exchange. *C NMR (50 MHz, DMSO-dg) § 14.08,
60.56, 86.72, 90.31, 117.01, 130.43, 130.70, 132.77, 134.60, 147.89, 157.12, 159.72, 165.21.
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Anal. Calcd for C15H12CIN3O3: C, 56.7; H, 3.8; N, 13.2. Found: C, 56.9; H, 3.6; N, 13.1. M =
317.73.
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