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b-Formyl-b-nitroenamines 1 possess both an electrophilic formyl group and a nucleophilic amino
group and, therefore, serve as C3N1 building blocks having a nitro group to afford nitropyridones and
aminonitropyridines with a functional group at the 3-position. Upon treatment with malonic acid
derivatives or b-keto esters, nitropyridones were obtained, whereas reactions with functionalized
acetonitriles afford aminonitropyridines, via a formal transfer of an alkyl group from the ring nitrogen
to the imino group. These procedures provide practical and useful methods for preparation of
heterocycles with a nitro group.

Introduction

b-Formyl-b-nitroenamines 1 possess an electrophilic formyl group,
an a-vinyl carbon, and a nucleophilic amino nitrogen, and
therefore, can be used as useful building blocks for the syntheses
of carbocyclic and heterocyclic compounds having a nitro group
(Fig. 1). Moreover, the nitroenamines 1 are readily prepared in
good yields from commercially available reagents with simple
manipulations and are easily handled because of their thermal
stability.1 However, to the best of our knowledge they have not
been employed for organic syntheses, except for a few instances.2

Fig. 1 b-Formyl-b-nitroenamines 1.

In our previous work, we have shown that nitroenamines 1 serve
as a new synthetic equivalent of nitromalonaldehyde;3 reactions
with dinucleophilic reagents occur at two electrophilic sites of 1,
the formyl and the a-vinyl carbons, leading to nitrated pyrazoles,
pyrimidines, diazepines, phenols (shown in Scheme 1 as an
example), etc.1,4 On the other hand, nitroenamines 1 are expected
to exhibit different reactivities which will lead to new methods for
the syntheses of different types of functionalized nitro compounds.
In the present work, we wish to demonstrate that nitroenamines
1 behave as the C3N1 building blocks having a nitro group by
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Scheme 1 b-Formyl-b-nitroenamines 1 as C3 building blocks.

using the electrophilic formyl group and the nucleophilic amino
group of 1. Namely, we focus on the syntheses of N-substituted
nitropyridones having a carbonyl group at the 3-position upon
treatment of 1 with 1,3-dicarbonyl compounds, which have both a
nucleophilic active methylene group and an electrophilic carbonyl
group. We also wish to reveal a facile synthetic method for
nitrated aminopyridines using combination of nitroenamines 1
and acetonitrile derivatives having a nucleophilic methylene group
and an electrophilic cyano group.

2-Pyridone is one of the important heterocyclic frameworks
because of its characteristic chemical and physical properties,
and it has drawn great attention of many researchers.5,6 Among
functionalized 2-pyridones, nitropyridones are often found as
partial structures of alkaloids7 and are used as precursors of
anticancer and antibacterial agents.8 The highly electron deficient
nitropyridones also serve as the substrates for the Diels–Alder
reaction9,10 and for the ring transformation.11 Much attention
has been also paid to 2-pyridones having a carbonyl group
at the 3-position as building blocks for synthesizing potassium
channel activators12 and antitumor agents such as camptothecin
derivatives13 and acronycine.14 Meanwhile, pyridones having both
a nitro and a carbonyl group have been shown to be applicable to
medicines for ischemic heart diseases and hypertension,15 and to
the synthetic intermediates for inhibitors against receptors for a-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)16

and the 3-phosphoinositide-dependent protein kinase-1 (PDK1).17

In view of the above aspects, pyridones having both a nitro and
a carbonyl group are expected to serve as useful precursors of
biologically active materials such as medicines and agricultural
chemicals.
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Pyridones having both a nitro and a carbonyl group are
generally synthesized by the nitration of carbonylated pyridone
derivatives,18 which are obtained by the oxidation of nicotinic acid
derivatives19 or the alkyl transfer of 2-alkoxypyridines.20 However,
these processes, which use harsh conditions, are not applicable
to any functionalized pyridones which could not endure the
acidic and oxidative conditions. Another preparative method, the
condensation of sodium salt of nitromalonaldehyde with amides,
has also been reported;21 however, the salt should be handled with
care,3b and the scope of usable amides for this reaction is limited.
Therefore, the development of alternative facile methods for
preparation of carbonylated nitropyridones that can be performed
under mild conditions is strongly desired.

In the meantime, considerable attention has been paid to
2-amino-5-nitropyridines in view of their direct potential ap-
plication to functional materials or intermediates for bioactive
compounds8d,21 and organic nonlinear optical materials.22 How-
ever, it is difficult to synthesize this class of compounds from read-
ily available materials in a few steps with simple manipulations.
Most of the preparative methods involve nitration of 2-pyridone
followed by transformation to 2-chloro-5-nitropyridine using
phosphorus oxychloride or phosphorus pentachloride, which is
then subjected to the nucleophilic substitution at the 2-position
by amines.8d,23 As another method, the ring transformation is
also employed for preparation of aminonitropyridines,24 but the
starting materials are not easily available.

On the basis of the above background, we planned to develop
facile synthetic method for nitropyridones and aminonitropy-
ridines having a functional group at the 3-position, employing
nitroenamines 1 as C3N1 building block in one pot.

Results and discussion

Nitroenamine 1a (R1 = t-Bu)1 was allowed to react with diethyl
malonate 2 (1 equiv.) in the presence of amines (1 equiv.) at 60 ◦C.
When triethylamine was employed as the base, the reaction did
not proceed, with quantitative recovery of 1a and 2 even at high
concentration (Table 1 entries 1 and 2). Though diethylamine did
not bring about the reaction at ordinary concentrations (entry 3),
when the reaction was conducted at high concentration (1 mmol
of substrate/0.4 mL of solvent), the double condensation of
1a took place to afford 1-tert-butyl-3-ethoxycarbonyl-5-nitro-2-
pyridone (3a) in 50% yield (entry 4). In this reaction, the pyridone
framework is constructed by the condensation of malonate with a
formyl group of 1 and subsequent intramolecular nucleophilic
substitution at the ester carbonyl group (Scheme 2).25 Cyclic
secondary amines such as morpholine and piperidine were more
effective, and the latter amine was found to be the base of choice
for the present reaction, giving 3a up to 77% yield (entries 5–8).
However, reducing the amount of piperidine diminished the yield
of 3a (entry 9).

Next, the scope of this reaction was studied. Nitroenamine
1b (R1 = Pr)1 showed higher reactivity than 1a, to give the
corresponding N-propylpyridone 3b in a moderate yield even at
room temperature (Table 1, entry 10). The present reaction can
also be used for preparing pyridones 3c–e by using nitroenamines
1c–e having an allyl, an acetal and an ester group, respectively,
without any protection (entries 11–13). Modification of the 3-
position was also possible. Reactions of nitroenamines 1a and 1b

Table 1 Syntheses of pyridones 3 using different bases

Starting material Product
Volume of

Entry R1 Base solvent/mL Yield (%)

1a 1a t-Bu Et3N 2 3a 0
2a 1a t-Bu Et3N 0.4 3a 0
3a 1a t-Bu Et2NH 2 3a 0
4a 1a t-Bu Et2NH 0.4 3a 50
5a 1a t-Bu Morpholine 2 3a 13
6a 1a t-Bu Morpholine 0.4 3a 23
7a 1a t-Bu Piperidine 2 3a 31
8a 1a t-Bu Piperidine 0.4 3a 77
9a ,b 1a t-Bu Piperidine 0.4 3a 57

10 1b Pr Piperidine 0.4 3b 78
11 1c –CH2CH=CH2 Piperidine 0.4 3c 71
12 1d –CH(OMe)2 Piperidine 0.4 3d 75
13 1e –(CH2)2CO2Et Piperidine 0.4 3e 30

a At 60 ◦C. b 0.5 mmol piperidine was employed as base.

Scheme 2 A plausible mechanism for the formation of pyridones 3.

with ethyl benzoylacetate at 60 ◦C for 1 d afforded 3-benzoyl-5-
nitro-2-pyridones 4a and 4b in 37% and 95% yields, respectively
(Fig. 2).

Fig. 2 Structure of pyridone 4.

On the other hand, two types of pyridones 6 and 3 were obtained
when amide esters 526 were employed as the 1,3-dicarbonyl
compounds (Fig. 3, Table 2, entry 1). When nitroenamine 1b
was treated with amide ester 5b in the presence of piperidine,
the product mixture exhibited two pairs of doublet signals at d
8.80 and 8.83 (J = 3.2 Hz), 8.71 and 9.25 (J = 3.1 Hz) in the
1H NMR spectrum, which were assigned to the protons at the
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Table 2 Syntheses of pyridones 6 having carbamoyl group at 3-position

Starting materials Products

Entry R1 R2 Base Solvent 6 Yielda (%) 3 Yielda (%)

1 1b Pr 5b Pr Piperidine CHCl3 6a 37 3b 23
2 1b Pr 5c Allyl Piperidine CHCl3 6b 26 3c 36
3 1b Pr 5c Allyl Et2NH CHCl3 6b 57 3c 19
4 1b Pr 5c Allyl Et2NH MeCN 6b 53 3c 16
5 1b Pr 5c Allyl Et2NH EtOH 6b 70 3c 15
6b 1a t-Bu 5c Allyl Et2NH EtOH 6c 34c 3c 15
7 1c Allyl 5a t-Bu Et2NH EtOH 6d Quant. 3a 0
8 1c Allyl 5b Pr Et2NH EtOH 6e Quant.d 3b 0
9b 1b Pr 5d Ph Et2NH EtOH 6f 45 3f 0

10b 1b Pr 5e p-MeOC6H4 Et2NH EtOH 6g 44 3g 0
11b 1b Pr 5f p-NO2C6H4 Et2NH EtOH 6h 68 3h 0

a Yield estimated from 1H NMR analysis (1,1,2,2-tetrachloroethane was used as an internal standard). b Reaction was conducted at 50 ◦C. c Isolated yield.
d Isolated yield of 6e was 77%.

Fig. 3 Assignment of pyridone 6a.

4- and the 6-positions of the pyridone ring, respectively. Pyridones
6a and 3b were isolated by chromatography on silica gel. Pyridone
6a had two N-propyl groups, one of which was assigned to the
N-propylcarbamoyl group because of the presence of coupling
between the N-methylene group and the adjacent N-H. The other
product was determined as pyridone 3b as both signals of N-propyl
and ethoxy groups were present.

It is considered that pyridone 6a is constructed through a
similar mechanism for the formation of pyridones 3. Namely,
the condensation of amide ester occurs at the formyl group of
1 to give intermediate 7, whose amino group then attacks the
ester function, leading to pyridone 6a. In contrast, pyridone 3b is
produced via intermediate 7¢, a diastereomer of 7 presents under

equilibrium. Here, the substitution by the amide group (R2NHCO)
of 7¢ proceeds at the a-carbon of the enamino group to furnish
pyridone 3b (Scheme 3). In this case, although pyridone 3b would
be formed by substitution of the carbamoyl group with the amino
group (R1NH), this possibility is easily excluded by conducting the
reaction of nitroenamine 1b with amide ester 5c (R2 = allyl), in
which only pyridone 6b and 3c were formed without any detectable
pyridone 3b.

The optimization of reaction conditions was studied using
nitroenamine 1b and amide ester 5c (Table 2, entries 2–5). Diethy-
lamine was more effective than piperidine, to afford pyridones 6b
and 3c in higher total yields (entries 2 and 3). Acetonitrile and
ethanol could be also used as the solvent instead of chloroform.
Ethanol was slightly better with respect to total yield and the
selectivity of pyridone 6b (entries 3–5).

Syntheses of other pyridone derivatives 6 were performed under
the conditions of entry 5. When nitroenamine 1a was treated
with 5c, pyridone 6c was formed in 34% yield together with
pyridone 3a, though heating was necessary (entry 6). It was
considered that the bulkiness of the amino group of 1 hindered
the cyclization forming a pyridone ring. On the other hand,
N-allylnitroenamine 1c reacted with both amide esters 5a and
5b to give the corresponding pyridones 6d and 6e in quantitative
yields, respectively (entries 7 and 8). Furthermore, this procedure

Scheme 3 Reactions 1 with amide esters 5 to afford pyridones 6 and 3.
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is applicable to the preparation of pyridones 6f–6h having an
N-arylcarbamoyl group in moderate yields by using amide esters
5d–5f, respectively (entries 9–11).

As mentioned above, 3-functionalized 5-nitropyridones 3, 4 and
6 could be prepared by condensation of nitroenamines 1 and 1,3-
dicarbonyl compounds. This result suggested that iminopyridine
10a would result from the reaction of nitroenamine 1b with
malononitrile 8a, but the isolated product was found to have a
different structure. In the 1H NMR spectrum of the product, a
pair of doublet signals with a coupling constant of 2.5 Hz was
observed at a low-field region, which were assigned to protons
of the aromatic ring. The signal of the N-methylene group was
observed as a doublet of triplet (J = 6.6 and 6.6 Hz), indicating the
presence of coupling between N-methylene and NH groups. This
observation obviously excluded the possibility of iminopyridine
10a as the product. The structure of the product was assigned
as aminopyridine 9a that was produced as a result of formal
rearrangement of the propyl group from the ring nitrogen to
the imino group of 10a (Scheme 4). Furthermore, the structure
was also confirmed by single crystal X-ray structure analysis
of the product27 (see ESI†). The present reaction quantitatively
proceeded to give aminopyridine 9a even when other amines such
as diethylamine and triethylamine were used (the data not shown),
in contrast to the fact that the choice of amine was critical to
synthesis of pyridone 3b. Moreover, we found that aminopyridine
9a was quantitatively obtained by only mixing nitroenamine 1b
and malononitrile 8a without using any bases (Table 3, entry 1).28

Formal transfer of an alkyl group from ring nitrogen of
1-alkyl-2-iminopyrimidine forming 2-alkylaminopyrimidine is
often observed, which is known as the Dimroth rearrangement.29

Accordingly, a plausible mechanism for the formation of 9a is
proposed as shown in Scheme 4. The attack of a nucleophilic
keteneimine derived from malononitrile 8a to the formyl group
of nitroenamine 1b followed by dehydration affords intermediate
A, and subsequent intramolecular cyclization gives iminopyridine
10a. The ring opening reaction of 10a and recyclization proceed
leading to aminopyridine 9a. In this case, water formed during the
condensation is considered to behave as the nucleophile to open
the ring 10a.

Nitroenamines 1a, 1c, and 1d reacted with malononitrile 8a
to afford aminopyridine 9b, 9c, and 9d, respectively, having

different substituent at the 2-position (Table 3, entries 2–4).
We then tried to expand the scope of this method by using
functionalized acetonitrile derivatives having an active methylene
group. Cyanoacetates 8b and 8c similarly afforded nicotinic acid
derivatives 9e, 9f, and 9g, although piperidine was necessary to
form enolate except for entry 6 (entries 5–7). In these cases,
3-cyano-5-nitro-2-pyridones were not detectable which would have
resulted from the cyclization on the ester function. The reaction
of 1d with 8c in the presence of piperidine gave aminopyridine
10h accompanied by aminopyridine 10h¢, which was formed
from 10h by aminolysis with piperidine (entry 8). Less soluble
cyanoacetamide 8d afforded nicotinamide derivative 9i in a
quantitative yield by using tetrahydrofuran instead of chloroform
(entry 9). Arylacetonitriles were also usable as the substrates of
the present reaction to furnish aminopyridines having a (het)aryl
group at the 3-position. While 2-pyridylacetonitrile 8e similary
leads to pyridylpyridine 9j, potassium tert-butoxide was necessary
to bring about the reaction of phenylacetonitrile 8f (entries 10 and
11).30,31 On the other hand, benzoylacetonitrile 8g exhibits higher
reactivity to give aminopyridine 9m in a good yield without using
any base at room temperature (entry 12).

The present reactions were superior to the conventional meth-
ods for the preparation of aminonitropyridines with regard to
the following features. 1) Reactions proceed efficiently under
mild conditions in one-pot to give the products 9 in excellent
yields in most cases. 2) Modification of the substituents at the
2- and 3-positions is easily performed by selecting appropriate
nitroenamines 1 and acetonitrile derivatives 8.

Conclusions

We have revealed the new reactivity of formylnitroenamines 1,
which means that they can be used as C3N1 building blocks
for synthesizing (i) nitropyridones 3, 4, and 6 with a carbonyl
group at the 3-position, upon treatment with malonates 2, 5,
or ethyl benzoylacetate, and (ii) aminonitropyridines 9 with a
functional group at the 3-position, when acetonitrile derivatives 8
are employed as reactants. In these reactions, modification of the
pyridone and pyridine ring is readily achieved by selecting nitroe-
namines 1 and active methylene compounds. Furthermore, both
preparative methods can be performed under mild conditions,

Scheme 4 Synthesis of aminopyridine 9a from nitroenamine 1b and 8a.
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Table 3 Syntheses of variety of aminopyridines 9

Starting materials Product

Entry R1 R3 Base Yielda (%)

1 1b Pr 8a CN None 9a Quant.
2b 1a t-Bu 8a CN None 9b 74
3 1c –CH2CH=CH2 8a CN None 9c Quant.
4 1d –(CH2)2CO2Et 8a CN None 9d Quant.
5b 1a t-Bu 8b CO2Me Piperidine 9e 85
6 1b Pr 8c CO2Et None 9f 93
7 1c –CH2CH=CH2 8c CO2Et Piperidine 9g 82
8 1d –(CH2)2CO2Et 8c CO2Et Piperidine 9h 38c

9d 1b Pr 8d CO2NH Piperidine 9i Quant.
10 1b Pr 8e 2-Pyridyl Piperidine 9j 90
11b ,d 1b Pr 8f Ph KOBut 9k 87
12 1b Pr 8g COPh None 9m 97

a Isolated yield. b Reaction was carried out at 60 ◦C. c 9h¢ was also obtained in 13% yield. d THF was used as the solvent.

which require only simple experimental manipulations. These
features should make the present procedures valuable, and enable
them to replace conventional methods that require troublesome
multi-step procedures.

Experimental

General

The melting points were determined on a Yanaco micro-melting-
points apparatus, and were uncorrected. All the reagents and
solvents were commercially available and used as received. The
1H NMR spectra were measured on a Bruker DPX-400, Varian
Mercury 300, or JEOL AL-400 spectrometer at 400 or 300 MHz,
respectively, with TMS as an internal standard, and The 13C
NMR spectra were measured on a Bruker DPX-400 or JEOL
AL-400 spectrometer at 100 MHz. Assignments of 13C NMR
spectra were performed by DEPT experiments. The UV-vis spectra
were recorded on JASCO V-570. The IR spectra were recorded
on a Horiba FT-200 IR spectrometer and a JASCO FT/IR-
4200 Spectrophotometer. The mass spectra were recorded on
a JEOL JMS-AX505HA or JEOL-DX-303-HF spectrometer.
The elemental microanalyses were performed using a Yanaco
MT-6 CHN corder. The X-Ray analysis was carried out with
a Rigaku RAXIS-RAPID imaging plate diffractometer, using
graphite monochromated Mo Ka radiation. The intensity data
were computed by teXsan Single Crystal Structure Analysis
Software Version 2.0 and structure solution and refinement were
computed by SAPI91 and SHELXL-97, respectively.

3-(2-Propen-1-yl)amino-2-nitropropenal (1c). Nitroenamines
1c was prepared according to the established method from nitropy-
rimidinone with 2 steps.1 Nitropyrimidinone was prepared in 90%
overall yield by the condensation of commercially available 1,1,3,3-

tetramethoxypropane and N-methylurea in 12 M hydrochloric
acid followed by nitration with fuming nitric acid (d = 1.52)
in 18 M sulfuric acid. To a solusion of pyrimidinone (310 mg,
2.00 mmol) in methanol (40 mL) was added allylamine (375 mL,
5.00 mmol), and the mixture was heated under reflux for 3 h.
After evaporation, the residue was extracted with hot hexane
(3 ¥ 30 mL), and evaporated under reduced pressure. Chloroform
(5 mL) was added to the residue, and the solution was charged
on silica gel (20 g) in a column and stood at room temperature
for 1 d. Then, it was eluted with chloroform. The solvent was
removed under reduced pressure to give nitroenamine 1c (E/Z =
3/1, 144mg, 46%) as a brown oil (Found: C, 46.18; H, 4.97; N,
17.93. C6H8N2O3 requires C, 46.15; H, 5.16; N, 17.94%).

nmax(neat)/cm-1 1683 (CHO), 1658 (C=C), 1612 (C=C),
1506, 1317 (NO2); dH(300 MHz, CDCl3) 4.10 (2HE, dd,
J 5.7, 5.7, NHCH2CH=CH2), 4.17 (2HZ, dd, J 5.4, 5.4,
NHCH2CH=CH2), 5.35–5.45 (2HE+2HZ, m, NHCH2CH=CH2),
5.85–5.99 (1HE+1HZ, m, NHCH2CH=CH2), 7.91 (1HZ, d, J 15.0,
C=CH(NH)), 8.49 (1HE, dd, J 3.6, 14.4, C=CH(NH)), 9.7 (1HZ,
br s, C=CH(NH)), 10.07 (1HZ, s, CHO), 10.16 (1HE, d, J 3.6,
CHO) 10.5 (1HE, br s, C=CH(NH)); dc(100 MHz, CDCl3) 52.3
(CH2), 52.5 (CH2), 119.8 (CH2), 119.9 (CH2), 124.8 (C), 126.0 (C),
130.9 (CH), 150.4 (CH), 155.1 (CH), 182.9 (CH), 185.6 (CH), a
tertiary carbon was not observed probably due to overlapping;
m/z (EI) 156.0538 (C6H8N2O3 requires 156.0535), 156 (M+, 20%),
41 (100).

Other nitroenamines 1a, 1b, 1d, and 1e were prepared in the
same manner by using t-butylamine, propylamine, b-alanine ethyl
ester hydrochloride, and 2,2-dimethoxyethylamine, respectively.

3-[(2-Ethoxycarbonyl)ethyl]amino-2-nitropropenal (1e). (E/Z =
3/1). 36% overall yield. White solid; mp 77–78 ◦C (recrystallized
from ethanol, colorless needles). nmax(KBr)/cm-1 1719 (C=O),

This journal is © The Royal Society of Chemistry 2009 Org. Biomol. Chem., 2009, 7, 325–334 | 329
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1660 (CHO), 1603 (C=C), 1571, 1344 (NO2); dH(400 MHz, CDCl3)
1.29 (3HE+3HZ, t, J 7.1, CO2CH2CH3), 2.73 (2HE, t, J 6.1,
NHCH2CH2), 2.76 (2HZ, t, J 6.0, NHCH2CH2), 3.77 (2HE, dt,
J 6.1, 6.1, NHCH2CH2), 3.83 (2HZ, dt, J 6.0, 6.0, NHCH2CH2),
4.22 (2HE+2HZ, q, J = 7.1, CO2CH2CH3), 7.96 (1HZ, d, J 15.1,
C=CH(NH)), 8.55 (1HE, dd, J 3.6, 14.2, C=CH(NH)), 9.91 (1HZ,
br s, C=CH(NH)), 10.06 (1HZ, s, CHO), 10.15 (1HE, d, J 3.6,
CHO) 10.69 (1HE, br s, C=CH(NH)); dC(100 MHz, CDCl3) 14.1
(CH3), 34.3 (CH2), 34.4 (CH2), 46.5 (CH2), 46.4 (CH2), 61.6 (CH2),
61.7 (CH2), 150.7 (C), 155.6 (CH), 170.3 (C), 170.4 (C), 183.4
(CH), 186.3 (CH), one primary, one tertiary, and one quaternary
carbons were not observed, probably due to overlapping of the
signals at d 14.1, 150.7, and 155.6 ppm, respectively; m/z (EI)
216.0720 (C8H12N2O5 requires 216.0746); m/z (FAB) 217 (M++1,
100%).

3-Ethoxycarbonyl-5-nitro-1-propylpyridin-2(1H)-one (3b). Di-
ethyl malonate (152 mL, 1.00 mmol) was added to a solution of
nitroenamine 1b (158 mg, 1.00 mmol) in chloroform (0.4 mL),
and then piperidine (98 mL, 1.0 mmol) was added. The resultant
mixture was heated under reflux for 1 d. After removal of the
solvent under reduced pressure, the residual oily solid was purified
by silica gel chromatography (eluted with hexane/ethyl acetate =
8/2) to give pyridone 3b (198 mg, 78%) as a yellow oil (Found:
C, 52.16; H, 5.81; N, 11.03. C11H14N2O5 requires C, 51.97; H,
5.55; N, 11.02%). Other pyridones 3a, 3c–e, and 6 were prepared
in the same manner. nmax(neat)/cm-1 1739 (C=O), 1670 (C=O),
1571, 1344 (NO2); dH(400 MHz, CDCl3) 1.02 (3H, t, J 7.1,
NCH2CH2CH3), 1.40 (3H, t, J 7.1, OCH2CH3), 1.87 (2H, tq, J
7.1, 7.3, NCH2CH2CH3), 4.06 (2H, t, J 7.3, NCH2CH2CH3), 4.40
(2H, q, J 7.1, OCH2CH3), 8.80 (1H, d, J 3.2, pyridone ring), 8.83
(1H, d, J 3.2, pyridone ring); dC(100 MHz, CDCl3) 12.2 (CH3),
15.5 (CH3), 23.6 (CH2), 54.7 (CH2), 63.3 (CH2), 120.9 (C), 130.2
(C), 138.6 (CH), 143.5 (CH), 159.3 (C), 164.4 (C); m/z (FAB) 255
(M++1, 100%).

1-tert-Butyl-3-ethoxycarbonyl-5-nitropyridin-2(1H)-one (3a).
Yellow oil. nmax(neat)/cm-1 1743 (C=O), 1706 (C=O), 1575, 1365
(NO2); dH(400 MHz, CDCl3) 1.39 (3H, t, J 7.1, OCH2CH3),
1.77 (9H, s, NC(CH3)3), 4.39 (2H, q, J 7.1, OCH2CH3), 8.75
(1H, d, J 3.0, pyridone ring), 9.02 (1H, d, J 3.0, pyridone ring);
dC(100 MHz, CDCl3) 14.1 (CH3), 28.4 (CH3), 61.8 (C), 65.4
(CH2), 120.6 (C), 128.6 (C), 136.2 (CH), 139.6 (CH), 159.1 (C),
163.3 (C); m/z (EI) 268.1056 (C12H16N2O5 requires 268.1059), 268
(M+, 10%), 213 (100).

3-Ethoxycarbonyl-5-nitro-1-(2-propen-1-yl)pyridin-2(1H)-one
(3c) (= 7ac, 7bc). Brown oil (Found: C, 52.47; H, 4.80; N,
10.96. C11H12N2O5 requires C, 52.38; H, 4.79; N, 11.11%).
nmax(neat)/cm-1 1740 (C=O), 1708 (C=O), 1673 (C=C), 1570,
1345 (NO2); dH(400 MHz, CDCl3) 1.40 (3H, t, J 7.0,
OCH2CH3), 4.40 (2H, q, J 7.0, OCH2CH3), 4.70 (2H, d, J 6.3,
NCH2CH=CH2), 5.43 (1H, d, J 16.9, NCH2CH=CHH), 5.46 (1H,
d, J 10.0, NCH2CH=CHH), 5.99 (1H, ddt, J 6.3, 10.0, 16.9,
NCH2CH=CHH), 8.80 (1H, d, J 2.1, pyridone ring), 8.84 (1H,
d, J 2.1, pyridone ring); dC(100 MHz, CDCl3) 13.9 (CH3), 52.5
(CH2), 61.7 (CH2), 119.3 (C), 121.7 (CH2), 128.9(C), 129.9 (CH),
137.1 (CH), 141.5 (CH), 157.5 (C), 162.6 (C); m/z (FAB) 253
(M++1, 100%).

3-Ethoxycarbonyl-1-(2,2-dimethoxy)ethyl-5-nitro-pyridin-2-
(1H)-one (3d). Colorless oil (Found: C, 47.89; H, 5.19; N, 9.17.
C12H16N2O7 requires C, 48.00; H, 5.37; N, 9.33%). nmax(neat)/cm-1

1743 (C=O), 1706 (C=O), 1572, 1347 (NO2); dH(400 MHz, CDCl3)
1.40 (3H, t, J 7.1, OCH2CH3), 3.45 (6H, s, NHCH(OCH3)2), 4.15
(2H, d, J 5.1, NCH2CH(OCH3)2), 4.41 (2H, q, J 7.1, OCH2CH3),
4.61 (1H, t, J 5.1, NCH2CH(OCH3)2), 8.80 (1H, d, J 3.1, pyridone
ring), 8.86 (1H, d, J 3.1, pyridone ring); dC(100 MHz, CDCl3) 14.6
(CH3), 53.1 (CH2), 56.3 (CH3), 62.4 (CH2), 101.6 (CH), 119.5 (C),
129.4 (C), 138.2 (CH), 144.3 (CH), 158.7 (C), 163.3 (C); m/z (EI)
300 (M+, 8%), 223 (100).

3-Ethoxycarbonyl-[1-(2-ethoxycarbonyl)ethyl]-5-nitropyridin-2-
(1H)-one (3e). Yellow oil. nmax(neat)/cm-1 1738 (C=O, The shoul-
der was observed.), 1671 (C=O), 1573, 1345 (NO2); dH(300 MHz,
CDCl3) 1.24 (3H, t, J 7.2, OCH2CH3), 1.40 (3H, t, J 6.9,
OCH2CH3), 2.93 (2H, t, J 6.0, NCH2CH2CO2Et), 4.14 (2H, q, J
7.2, OCH2CH3), 4.32 (2H, t, J 6.0, NCH2CH2CO2Et), 4.40 (q, 2H,
J 6.9, OCH2CH3), 8.84 (1H, d, J 3.3, pyridone ring), 9.03 (1H, d, J
3.3, pyridone ring); dC(100 MHz, CDCl3) 14.1 (CH3), 14.3 (CH3),
32.0 (CH2), 48.5 (CH2), 61.4 (CH2), 62.0 (CH2), 119.4 (C), 137.6
(CH), 144.0 (CH), 158.0 (C), 162.8 (C), 170.9 (C), one quaternary
carbon could not be observed probably due to overlapping; m/z
(EI) 312.0936 (C13H16N2O7 requires 312.0958), 312 (M+, 58%), 193
(100).

3-Benzoyl-1-tert-butyl-5-nitropyridin-2(1H)-one (4a). Color-
less prisms (from CHCl3) (Found: C, 63.92; H, 5.40; N, 9.33.
C16H16N2O4 requires C, 63.99; H, 5.37; N, 9.32%); mp 222–224 ◦C.
nmax(KBr)/cm-1 1668 (C=O), 1645 (C=O), 1563, 1336 (NO2);
dH(400 MHz, CDCl3) 1.76 (9H, s, NC(CH3)3), 7,47 (2H, dd, J
7.4, 7.8, benzene ring), 7.60 (1H, t, J 7.4, benzene ring), 7.81 (2H,
d, J 7.8, benzene ring), 8.35 (1H, d, J 2.9, pyridone ring), 9.02 (1H,
d, J 2.9, pyridone ring); dC (100 MHz, CDCl3) 28.3 (CH3), 65.1(C),
128.6 (CH), 129.4 (CH), 129.6 (C), 130.2 (C), 133.3 (CH), 133.8
(CH), 136.2 (C), 138.3 (CH), 160.4 (C), 192.4 (C); m/z (FAB) 301
(M++1, 10%), 105 (100).

3-Benzoyl-5-nitro-1-propylpyridin-2(1H)-one (4b). White
solid; mp 125–126 ◦C. nmax(KBr)/cm-1 1675 (C=O), 1667 (C=O),
1569, 1341 (NO2); dH(300 MHz, CDCl3) 0.97 (3H, t, J 7.5,
NCH2CH2CH3), 1.82 (2H, tq, J 7.5, 7.5, NCH2CH2CH3), 4.00
(2H, t, J 7.5, NCH2CH2CH3), 7.43 (2H, dd, J 7.8, 7.8, benzene
ring), 7.56 (1H, t, J 7.8, benzene ring), 7.76 (2H, d, J 7.8, benzene
ring), 8.36 (1H, d, J 3.3, pyridone ring), 8.70 (1H, d, J 3.3,
pyridone ring); dC(100 MHz, CDCl3) 11.0 (CH3), 22.5 (CH2),
53.1 (CH2), 128.5 (CH), 128.8 (C), 129.3 (CH), 129.4 (C), 133.7
(CH), 134.3 (CH), 136.1 (C), 140.9 (CH), 159.0 (C), 191.8 (C);
m/z (EI) 286.0953 (C15H14N2O4 requires 286.0954), m/z (FAB)
287 (M++1, 100%).

5-Nitro-1-propyl-3-(N-propylcarbamoyl)pyridin-2(1H)-one (6a).
White solid; mp 97–98 ◦C. nmax(neat)/cm-1 3263 (NH), 1682 (br,
C=O), 1539, 1342 (NO2); dH(400 MHz, CDCl3) 0.99 (3H, t, J
7.4, NHCH2CH2CH3), 1.05 (3H, t, J 7.4, NCH2CH2CH3), 1.65
(2H, tq, J 7.4, 7.4, NHCH2CH2CH3), 1.88 (2H, tq, J 7.4, 7.4,
NCH2CH2CH3), 3.42 (2H, dt, J 7.4, 7.4, NHCH2CH2CH3), 4.10
(2H, t, J 7.4, NCH2CH2CH3), 8.71 (1H, d, J 3.1, pridone ring),
9.25 (1H, d, J 3.1, pyridone ring), 9.25–9.30 (1H, br s, NH);
dC(100 MHz, CDCl3) 11.0 (CH3), 11.6 (CH3), 22.5 (CH2), 22.7
(CH2), 42.5 (CH2), 53.5 (CH2), 120.9 (C), 131.0 (C), 136.8 (CH),
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140.4 (CH), 161.5 (C), 161.6 (C); m/z (EI) 267.1227 (C12H17N3O4

requires 267.1219), 267 (M+, 20%), 209 (100).

5-Nitro-3-[N-(2-propen-1-yl)carbamoyl]-1-propylpyridin-2(1H)-
one (6b). White solid (Found: C, 54.55; H, 6.00; N, 15.88.
C12H15N3O4 requires C, 54.33; H, 5.70; N, 15.84); mp 94–
95 ◦C. nmax(neat)/cm-1 3258 (NH), 1682 (br, C=O), 1530,
1335 (NO2); dH(400 MHz, CDCl3) 1.04 (3H, t, J 7.3,
NCH2CH2CH3), 1.89 (2H, tq, J 7.3, 7.3, NCH2CH2CH3),
4.09 (4H, m, NCH2CH2CH3, NHCH2CH=CHH), 5.18 (1H,
dd, J 1.2, 10.4, NHCH2CH=CHH), 5.27 (1H, dd, J 1.2,
17.1, NHCH2CH=CHH), 5.93 (1H, ddt, J 5.4, 10.4, 17.1 Hz,
NHCH2CH=CHH), 8.76 (1H, d, J 3.1, pyridone ring), 9.13 (1H,
d, J = 3.1, pyridone ring), 9.34–9.41 (1H, br t, NH); dC(100 MHz,
CDCl3) 11.0 (CH3), 22.4 (CH2), 42.1 (CH2), 53.5 (CH2), 116.4
(CH2), 120.6 (C), 130.8 (C), 133.7 (CH), 137.0 (CH), 140.7 (CH),
161.4 (C), 161.6 (C); m/z (EI) 265 (M+, 40%), 209 (32), 167 (45),
56 (100).

1-tert-Butyl-5-nitro-3-[N -(2-propen-1-yl)carbamoyl]pyridin-2-
(1H)-one (6c). Yellow solid; mp 156–158 ◦C. nmax(KBr)/cm-1

3299 (NH), 1684 (CO), 1673 (C=C), 1528, 1334 (NO2);
dH(400 MHz, CDCl3) 1.78 (9H, s, NC(CH3)3), 4.09 (2H,
dd, J 6.0, 6.0, NHCH2CH=CHH), 5.18 (1H, dd, J 1.6,
10.0, NHCH2CH=CHH), 5.27 (1H, dd, J 1.6, 17.2 Hz,
NHCH2CH=CHH), 5.94 (1H, ddt, J = 6.0, 10.0, 17.2 Hz,
NHCH2CH=CHH), 8.99 (1H, d, J = 3.2 Hz, pyridone ring), 9.23
(1H, d, J 3.2, pyridone ring), 9.40 (1H, br m, NH); dC(100 MHz,
CDCl3) 28.5 (CH3), 42.2 (CH2), 65.7 (C), 116.3 (CH2), 121.3 (C),
130.5 (C), 133.8 (CH), 136.3 (CH), 137.9 (CH), 161.8 (C), 162.7
(C); m/z (EI) 279.1208 (C13H17N3O4 requires 279.1219), 279 (M+,
33%), 167 (100).

3-(N -tert-Butylcarbamoyl)-5-nitro-1-(2-propen-1-yl)pyridin-2-
(1H)-one (6d). Colorless prisms; mp 142–144 ◦C. nmax(KBr)/
cm-1 3077 (NH), 1687 (br, C=O), 1559, 1357 (NO2); dH(400 MHz,
CDCl3) 1.46 (9H, s, NHC(CH3)3), 4.71 (2H, d, J 6.0,
NCH2CH=CHH), 5.38 (1H, d, J 17.2, NCH2CH=CHH), 5.47
(1H, d, J 10.4, NCH2CH=CHH), 5.99 (1H, ddt, J 6.0, 10.4, 17.2,
NCH2CH=CHH), 8.69 (1H, d, J 3.2, pyridone ring), 9.17 (1H,
br s, NH), 9.23 (1H, d, J = 3.2 Hz, pyridone ring); dC(100 MHz,
CDCl3) 28.7 (CH3), 51.5 (C), 52.9 (CH2), 121.6 (CH2), 121.9 (C),
130.0 (CH), 131.2 (C), 136.4 (CH), 139.6 (CH), 160.1 (C), 161.3
(C); m/z (EI) 279.1235 (C13H17N3O4 requires 279.1219), 279 (M+,
7%), 207 (100%).

5-Nitro-1-(2-propen-1-yl)-3-(N -propylcarbamoyl)pyridin-2-
(1H)-one (6e). White solid; mp 64–65 ◦C. nmax(KBr)/cm-1 3280
(NH), 1682 (br, C=O), 1571, 1337 (NO2); dH(400 MHz, CDCl3)
0.99 (3H, t, J 7.2, NHCH2CH2CH3), 1.64 (2H, tq, J 6.8, 7.2,
NHCH2CH2CH3), 3.41 (2H, dt, J 6.8, 6.8, NHCH2CH2CH3),
4.73 (2H, d, J 6.4, NCH2CH=CHH), 5.40 (1H, d, J 16.8,
NHCH2CH=CHH), 5.47 (1H, d, J 10.0, NHCH2CH=CHH), 5.99
(1H, ddt, J 6.4, 10.0, 16.8, NHCH2CH=CHH), 8.72 (1H, d, J 3.2,
pyridone ring), 9.23 (2H, br m, pyridone ring, NH); dC(100 MHz,
CDCl3) 11.6 (CH3), 22.7 (CH2), 41.5 (CH2), 52.9 (CH2), 120.9 (C),
121.7 (CH2), 130.0 (CH), 131.1 (C), 136.8 (CH), 139.8 (CH), 161.2
(C), 161.3 (C); m/z (EI) 265.1054 (C12H15N3O4 requires 265.1063),
265 (M+, 12%), 167 (100).

5-Nitro-3-(N-phenylcarbamoyl)-1-propylpyridin-2(1H)-one (6f).
Brown solid; mp 180–181 ◦C. nmax(KBr)/cm-1 3190 (NH),
1702 (C=O, The shoulder was observed.), 1554, 1343 (NO2);
dH(400 MHz, CDCl3) 1.06 (3H, t, J 7.4, NCH2CH2CH3), 1.92 (2H,
tq, J 7.4, 7.4, NCH2CH2CH3), 4.14 (2H, t, J 7.4, NCH2CH2CH3),
7.16 (1H, t, J 7.4, benzene ring), 7.37 (2H, dd, J 7.4, 7.7, benzene
ring), 7.72 (2H, d, J 7.7, benzen ring), 8.75 (1H, d J 3.2, pyridone
ring), 9.34 (1H, d, J 3.2, pyridone ring), 11.4 (1H, br s, NH);
dC(100 MHz, CDCl3) 11.4 (CH3), 22.8 (CH2), 54.1 (CH2), 120.9
(CH), 121.0 (C), 125.1 (CH), 129.5 (CH), 130.0 (C), 137.6 (CH),
138.0 (C), 141.0 (CH), 160.1 (C), 163.3 (C); m/z (EI) 301.1072
(C15H15N3O4 requires 301.1063), m/z (FAB) 302 (M+, 100%).

3-[N -(4-Methoxyphenyl)carbamoyl]-5-nitro-1-propylpyridin-2-
(1H)-one (6g). Yellow powder (Found: C, 57.79; H, 5.33; N,
12.68. C16H17N3O5 requires C, 58.00; H, 5.17; N, 12.68%); mp 160–
162 ◦C. nmax(KBr)/cm-1 3087 (NH), 1686 (br, C=O), 1555, 1340
(NO2); dH(400 MHz, CDCl3) 1.06 (3H, t, J 7.3, NCH2CH2CH3),
1.92 (2H, tq, J 7.3, 7.3, NCH2CH2CH3), 3.82 (3H, s, OCH3), 4.14
(2H, t, J 7.3, NCH2CH2CH3), 6.91 (2H, d, J 9.0, benzene ring),
7.65 (2H, d, J 9.0, benzene ring), 8.74 (1H, d, J 3.2, pyridone
ring), 9.33 (1H, d, J 3.2, pyridone ring), 11.2–11.3 (1H, br s, NH);
dC(100 MHz, CDCl3) 11.0 (CH3), 22.5 (CH2), 53.7 (CH2), 55.5
(CH3), 114.2 (CH), 121.0 (C), 121.9 (CH), 131.0 (C), 131.1 (C),
136.9 (CH), 140.5 (CH), 156.6 (C), 159.1 (C), 161.6 (C); m/z (EI)
331 (M+, 100%).

5-Nitro-3-[N-(4-nitrophenyl)carbamoyl]-1-propylpyridin-2(1H)-
one (6h). White solid (Found: C, 51.77; H, 4,14; N, 16.16.
C15H14N4O6 requires C, 52.03; H, 4.07; N, 16.18%.); mp 277–
279 ◦C. nmax(KBr)/cm-1 3069 (NH), 1690 (C=O), 1640 (C=O),
1550, 1350 (NO2); dH(400 MHz, CDCl3) 1.07 (3H, t, J 7.4,
NCH2CH2CH3), 1.92 (2H, tq, J 7.3, 7.4, NCH2CH2CH3), 4.17
(2H, t, J 7.3, NCH2CH2CH3), 7.92 (2H, d, J 9.1, benzene ring),
8.27 (2H, d, J 9.1, benzene ring), 8.81 (1H, d, J 3.1, pyridone
ring), 9.36 (1H, d, J 3.1, pyridone ring), 11.4 (1H, br s, NH);
dC(100 MHz, DMSO-d6) 10.6 (CH3), 21.6 (CH2), 52.4 (CH2),
118.3 (C), 119.8 (CH), 125.0 (CH), 130.4 (C), 136.6 (CH), 142.9
(CH), 143.7 (C), 144.5 (C), 160.6 (C), 161.3 (C); m/z (FAB) 346
(M++1, 100%).

2-tert-Butylamino-3-cyano-5-nitropyridine (9b). Malononi-
trile 8a (66 mg, 1.0 mmol) was added to a solution of nitroenamine
1a (172 mg, 1.00 mmol) in chloroform (0.4 mL). The resultant
mixture was heated under reflux for 1 d. After removal of the
solvent under reduced pressure, the residue was chromatographed
on silica gel eluted with chloroform to give product 9b (163 mg,
74%) as a white solid. mp 133–135 ◦C. nmax(neat)/cm-1 3330
(NH), 2231(CN), 1542, 1328 (NO2); dH(400 MHz, CDCl3) 1.53
(9H, s, NHC(CH3)3), 5.79 (1H, br s, NHC(CH3)3), 8.44 (1H, d, J
2.7, pyridine ring), 9.15 (1H, d, J 2.7, pyridine ring); dC(100 MHz,
CDCl3) 30.0 (CH3), 55.8 (C), 93.0 (C), 116.2 (C), 135.5 (C), 138.3
(CH), 150.7 (CH), 160.8 (C); m/z (FAB) 221.1051 (C10H12N4O2

requires 221.1039), 221 (M++1, 100%).
Other pyridines 9a, 9c, 9d, 9e, 9f, 9g, 9h, 9i, 9j, 9k, and 9m were

prepared in the same manner.

3-Cyano-5-nitro-2-(propylamino)pyridine (9a). White solid
(Found: C, 52.72; H, 5.03; N, 26.94. C9H10N4O2 requires C,
52.42; H, 4.89; N, 27.17%.); mp 126–128 ◦C. lmax(MeCN)/nm
344 (e/dm3 mol-1 cm-1 19 171); nmax(neat)/cm-1 3336 (NH), 2231
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(CN), 1590, 1333 (NO2); dH(400 MHz, CDCl3) 1.02 (3H, t, J 7.4,
NHCH2CH2CH3), 1.72 (2H, tq, J 6.2, 7.4, NHCH2CH2CH3),
3.50 (2H, dt, J 6.2, 6.2, NHCH2CH2CH3), 6.1–6.3 (1H, br s,
NHCH2CH2CH3), 8.48 (1H, d, J 2.6, pyridine ring), 9.14 (1H,
d, J 2.6, pyridine ring); dC(100 MHz, CDCl3) 11.3 (CH3), 22.4
(CH2), 44.0 (CH2), 90.6 (C), 114.8 (C), 134.3 (C), 137.3 (CH),
150.2 (CH), 160.0 (C); m/z (FAB) 207 (M++1, 100%).

3-Cyano-5-nitro-2-(2-propen-1-ylamino)pyridine (9c). White
solid (Found: C, 53.18; H, 3.93; N, 27.38. C9H8N4O2 requires C,
52.94; H, 3.95; N, 27.44%.); mp 111–112 ◦C. nmax(neat)/cm-1 3334
(NH), 2229 (CN), 1620 (C=C), 1594, 1305 (NO2); dH(400 MHz,
CDCl3) 4.29 (2H, dd, J 5.7, 5.7, NHCH2CH=CHH), 5.28
(1H, dd, J 1.1, 10.3, NHCH2CH=CHH), 5.31 (1H, dd, J 1.1,
18.4, NHCH2CH=CHH), 5.94 (1H, ddd, J 5.7, 10.3, 18.4,
NHCH2CH=CHH), 6.0–6.3 (1H, br t, NHCH2CH=CHH), 8.50
(1H, d, J 2.5, pyridine ring), 9.18 (1H, d, J 2.5, pyridine ring);
dC(100 MHz, CDCl3) 44.4 (CH2), 91.1 (C), 114.5 (C), 118.1
(CH2), 132.5 (CH), 134.8 (C), 137.2 (CH), 150.1 (CH), 159.6 (C);
m/z (FAB) 205 (M++1, 100%).

3-Cyano-2-[2-(ethoxycarbonyl)ethylamino]-5-nitropyridine (9d).
White solid (Found: C, 50.20; H, 4.75; N, 20.94. C11H12N4O4

requires C, 50.00; H, 4.58; N, 21.20%.); mp 133–134 ◦C.
nmax(neat)/cm-1 3338 (NH), 2225 (CN), 1724 (C=O), 1592, 1332
(NO2); dH(400 MHz, CDCl3) 1.30 (3H, t, J 7.2, OCH2CH3), 2.70
(2H, t, J 6.1, NHCH2CH2), 3.95 (2H, dt, J 6.1, 6.1, NHCH2CH2),
4.21 (2H, q, J 7.2, OCH2CH3), 6.5–6.8 (1H, br t, NHCH2CH2),
8.49 (1H, d, J 2.6, pyridine ring), 9.15 (1H, d, J 2.6, pyridine
ring); dC(100 MHz, CDCl3) 14.2 (CH3), 33.6 (CH2), 37.6 (CH2),
61.2 (CH2), 91.5 (C), 114.3 (C), 134.7 (C), 137.2 (CH), 149.9 (CH),
159.6 (C), 171.9 (C); m/z (FAB) 265 (M++1, 100%).

2-tert-Butylamino-3-methoxycarbonyl-5-nitropyridine (9e).
Pale yellow solid; mp 106–108 ◦C. nmax(KBr)/cm-1 3314 (NH),
1698 (C=O), 1594, 1347 (NO2); dH(400 MHz, CDCl3) 1.53 (9H,
s, NHC(CH3)3), 3.92 (3H, s, OCH3), 8. 88 (1H, d, J 3.6, pyridine
ring), 9.13 (1H, d, J 3.6, pyridine ring); dC(100 MHz, CDCl3) 28.9
(CH3), 52.5 (CH3), 53.1 (C), 104.6 (C), 133.5 (C), 135.5 (CH),
149.7 (CH), 159.6 (C), 166.9 (C); m/z (EI) 253.1071 (C11H15N3O4

requires 253.1063), 253 (M+, 13%), 238 (100).

3-Ethoxycarbonyl-5-nitro-2-(propylamino)pyridine (9f). White
solid (Found: C, 52.10; H, 6.06; N, 16.44. C11H15N3O4 requires
C, 52.17; H, 5.97; N, 16.59%.); mp 68–69 ◦C. lmax(MeCN)/nm
353 (e/dm3 mol-1 cm-1 20 723); nmax(neat)/cm-1 3323 (NH), 1697
(C=O), 1594, 1344 (NO2); dH(400 MHz, CDCl3) 1.02 (3H, t,
J 7.4, NHCH2CH2CH3), 1.43 (3H, t, J 7.1, OCH2CH3), 1.71
(2H, tq, J 7.0, 7.4, NHCH2CH2CH3), 3.59 (2H, dd, J 7.0, 7.0,
NHCH2CH2CH3), 4.39 (2H, q, J 7.1, OCH2CH3), 8.80–8.87 (1H,
br, NHCH2CH2CH3), 8.89 (1H, d, J 2.9, pyridine ring), 9.14 (1H,
d, J 2.9, pyridine ring); dC(100 MHz, CDCl3) 11.9 (CH3), 14.6
(CH3), 22.9 (CH2), 43.7 (CH2), 62.2 (CH2), 105.1 (C), 134.2 (C),
136.0 (CH), 151.0 (CH), 160.5 (C), 166.7 (C); m/z (FAB) 254
(M++1, 100%).

3-Ethoxycarbonyl-5-nitro-2-(2-propen-1-ylamino)pyridine (9g).
White solid (Found: C, 52.77; H, 5.36; N, 16.73. C11H13N3O4

requires C, 52.59; H, 5.22; N, 16.73%.); mp 80–82 ◦C.
nmax(neat)/cm-1 3316 (NH), 1692 (C=O), 1592, 1303 (NO2);
dH(400 MHz, CDCl3) 1.44 (3H, t, J 7.1, OCH2CH3), 4.29 (2H,

dd, J 5.6, 5.6, NHCH2CH=CHH), 4.40 (2H, q, J 7.1, OCH2CH3),
5.21 (1H, dd, J 1.0, 10.5, NHCH2CH=CHH), 5.28 (1H, dd, J
1.0, 17.1, NHCH2CH=CHH), 5.98 (1H, ddt, J 5.6, 10.5, 17.1,
NHCH2CH=CHH), 8.7–9.0 (1H, br s, NHCH2CH=CHH), 8.91
(1H, d, J 2.7, pyridine ring), 9.12 (1H, d, J 2.7, pyridine ring);
dC(100 MHz, CDCl3) 15.5 (CH3), 45.1 (CH2), 63.2 (CH2), 106.3
(C), 118.0 (CH2), 134.8 (CH), 135.5 (C), 137.0 (CH), 151.8 (CH),
161.2 (C), 167.6 (C); m/z (FAB) 252 (M++1, 100%).

3-Ethoxycarbonyl-2-[2-(ethoxycarbonyl)ethylamino]-5-nitropy-
ridine (9h). White solid (Found: C, 50.20; H, 5.70; N, 13.58.
C13H17N3O6 requires C, 50.16; H, 5.50; N, 13.50%.); mp 120–
123 ◦C. nmax(neat)/cm-1 3325 (NH), 1728 (C=O), 1695 (C=O),
1591, 1344 (NO2); dH(400 MHz, CDCl3) 1.28 (3H, t, J 7.2,
OCH2CH3), 1.42 (3H, t, J 7.1, OCH2CH3), 2.69 (2H, t, J 6.2,
NHCH2CH2), 3.95 (2H, dt, J 6.2, 6.2, NHCH2CH2), 4.20 (2H, q,
J 7.2, OCH2CH3), 4.39 (2H, q, J 7.1, OCH2CH3), 8.90 (1H, d,
J 2.9, pyridine ring), 9.14 (1H, d, J 2.9, pyridine ring), 9.15–9.20
(1H, br t, NHCH2CH2); dC(100 MHz, CDCl3) 14.2 (CH3), 14.3
(CH3), 33.7 (CH2), 37.0 (CH2), 60.9 (CH2), 61.9 (CH2), 105.3 (C),
134.3 (C), 135.7 (CH), 150.3 (CH), 159.9 (C), 166.0 (C), 172.4 (C);
m/z (FAB) 312 (M++1, 100%).

3-Ethoxycarbonyl-2-[(3-oxo-3-pyperidino)propylamino]-5-nitro-
pyridine (9h¢). White solid (Found: C, 55.01; H, 6.53; N, 16.03.
C16H22N4O5 requires C, 54.85; H, 6.33; N, 15.99%.); mp 66–68 ◦C.
nmax(neat)/cm-1 3338 (NH), 1685, 1633 (C=O), 1538, 1344 (NO2);
dH(400 MHz, CDCl3) 1.40 (3H, t, J 7.1, OCH2CH3), 1.52–1.57
(4H, m, CH2 at 3-position of piperidino group), 1.61–1.64 (2H,
m, CH2 at 4-position of piperidino group), 2.67 (2H, t, J 6.1,
NHCH2CH2), 3.3–3.7 (4H, m, CH2 at 2-position of piperidino
group), 3.99 (2H, dt, J 6.1, 6.1, NHCH2CH2), 4.39 (2H, q, J 7.1,
OCH2CH3), 8.89 (1H, d, J 2.7, pyridine ring), 9.13 (1H, d, J = 2.7,
pyridine ring), 9.32 (1H, br t, NHCH2CH2); dC(100 MHz, CDCl3)
16.7 (CH3), 26.9 (CH2), 27.9 (CH2), 28.8 (CH2), 35.0 (CH2), 39.8
(CH2), 45.1 (CH2), 48.8 (CH2), 64.3 (CH2), 107.7 (C), 136.5 (C),
138.2 (CH), 152.7 (CH), 162.2 (C), 168.9 (C), 171.6 (C); m/z (FAB)
351 (M++1, 60%), 307 (100).

3-Carbamoyl-5-nitro-2-propylaminopyridine (9i). White solid
(Found: C, 47.92; H, 5.28; N, 24.96. C9H12N4O3 requires C, 48.21;
H, 5.39; N, 24.99%); mp 169–170 ◦C. lmax(MeCN)/nm 360 (e/dm3

mol-1 cm-1 17 824); nmax(neat)/cm-1 3390 (NH), 1647 (C=O),
1531, 1303 (NO2); dH(400 MHz, DMSO-d6) 0.92 (3H, t, J 7.5,
NHCH2CH2CH3), 1.60 (2H, tq, J 6.5, 7.5, NHCH2CH2CH3), 3.50
(2H, dt, J 6.5, 6.5, NHCH2CH2CH3), 7.7–7.8 (1H, br, CONHH),
8.4–8.5 (1H, br, CONHH), 8.79 (1H, br d, pyridine ring), 9.04 (1H,
br d, pyridine ring), 9.8 (1H, br t, NHCH2CH2CH3); dC(100 MHz,
DMSO-d6) 11.2 (CH3), 21.8 (CH2), 42.3 (CH2), 107.5 (C), 132.3
(CH), 132.9 (C), 148.8 (CH), 159.7 (C), 168.4 (C); m/z (FAB) 225
(M++1, 100%).

5-Nitro-2-propylamino-3-(2-pyridyl)pyridine (9j). Yellow solid
(Found: C, 60.20; H, 5.51; N, 21.70. C13H14N4O2 requires C,
60.45; H, 5.46; N, 21.69%.); mp 114–115 ◦C. lmax(MeCN)/nm
370 (e/dm3 mol-1 cm-1 18 745); nmax(KBr)/cm-1 1542, 1327 (NO2);
dH(400 MHz, CDCl3) 1.05 (3H, t, J 7.3, NHCH2CH2CH3), 1.75
(2H, tq, J 7.0, 7.3, NHCH2CH2CH3), 3.64 (2H, dt, J 7.0, 7.0,
NHCH2CH2CH3), 7.32 (1H, dd, J 5.0, 6.6, pyridine ring), 7.86
(1H, dd, J 6.6, 8.2, pyridine ring), 7.90 (1H, d, J 8.2, pyridine
ring), 8.63 (1H, d, J 5.0, pyridine ring), 8.67 (1H, d, J 2.3,
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pyridine ring), 9.09 (1H, d, J 2.3, pyridine ring), 10.62 (1H, br s,
NHCH2CH2CH3); dC(100 MHz, CDCl3) 12.1 (CH3), 22.9 (CH2),
43.8 (CH2), 113.7 (C), 121.8 (CH), 122.8 (CH), 130.6 (CH), 134.4
(C), 137.9 (CH), 147.4 (CH), 147.6 (CH), 155.4 (C), 159.6 (C);
m/z (EI) 258 (M+, 20%), 229 (100), 183 (40).

5-Nitro-3-phenyl-2-(propylamino)pyridine (9k). Yellow oil
(Found: C, 65.47; H, 5.82; N, 16.21. C14H15N3O2 requires C,
65.35; H, 5.88; N, 16.33%). lmax(MeCN)/nm 371 (e/dm3 mol-1

cm-1 16 300); nmax(neat)/cm-1. dH(400 MHz, CDCl3) 0.93 (3H, t, J
7.4, NHCH2CH2CH3), 1.61 (2H, tq, J 7.0, 7.4, NHCH2CH2CH3),
3.49 (2H, dt, J 7.0, 7.0, NHCH2CH2CH3), 5.2–5.4 (1H, br t,
NHCH2CH2CH3), 7.39–7.46 (2H, m, benzene ring), 7.48–7.52
(3H, m, benzene ring), 8.02 (1H, d, J 2.4, pyridine ring), 9.04
(1H, d, J 2.4, pyridine ring); dC(100 MHz, CDCl3) 11.8 (CH3),
22.9 (CH2), 44.0 (CH2), 121.8 (C), 129.1 (CH), 129.4 (CH), 130.1
(CH), 132.0 (CH), 135.8 (C), 136.0 (C), 146.1 (CH), 159.1 (C);
m/z (EI) 257 (M+, 60%), 228 (100), 182 (74).

3-Benzoyl-5-nitro-2-(propylamino)pyridine (9m). White solid
(Found: C, 63.27; H, 5.46; N, 14.53. C15H15N3O3 requires C,
63.15; H, 5.30; N, 14.73%.); mp 120–121 ◦C. lmax(MeCN)/nm
358 (e/dm3 mol-1 cm-1 19 669); nmax(neat)/cm-1 3278 (NH), 1637
(C=O), 1541, 1315 (NO2); dH(400 MHz, CDCl3) 1.05 (3H, t, J 7.4,
NHCH2CH2CH3), 1.76 (2H, tq, J 6.8, 7.4, NHCH2CH2CH3),
3.68 (2H, dt, J 6.8, 6.8, NHCH2CH2CH3), 7.51–7.57 (2H, m,
benzene ring), 7.59–7.64 (3H, m, benzene rimg), 8.57 (1H, d, J 2.7,
pyridine ring), 9.19 (1H, d, J 2.7, pyridine ring), 9.5–9.7 (1H, br t,
NHCH2CH2CH3); dC(100 MHz, CDCl3) 11.9 (CH3), 22.8 (CH2),
43,8 (CH2), 112.3 (C), 129.2 (CH), 129.4 (CH), 132.8 (CH), 133.4
(C), 138.3 (C), 139.0 (CH), 151.3 (CH), 161.0 (C), 196.2 (C).
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converting to iminium ion25.
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