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Some new substituted 1,8- naphthyridines 2a–g have been synthesized by treating various 2-substituted
vinamidinium salts 1a–g with 2,6-diaminopyridine. The structures of the synthesized compounds have been
established on the basis of elemental analysis and spectroscopic data (1H-NMR, 13C-NMR, IR, UV/VIS,
and mass).
J. Heterocyclic Chem., 00, 00 (2016).
INTRODUCTION

Among the different kind of heterocycles which have
been investigated for the growing pharmaceutically signif-
icant molecules, 1,8-naphthyridines have had an important
part in medicinal chemistry. Because the 1,8-naphthyridine
skeleton exists in many compounds being separated from
natural substances with different biological functions.
Some of these 1,8-naphthyridine derivatives have fasci-
nated chemists to a large extent. It was said that 1,8-
naphthyridines had antibacterial, [1,2] antimycobacterial
[3], antitumor [4], anti-inflammatory [5], antiplatelet [6],
gastric antisecretory [7], antiallergic [8], local anesthetic
[9] and benzodiazepine receptor activity [10]. It was also
reported that these 1,8-naphthyridines were associated with
positive ionotropic [11], β-adrenergic blocking [12], and
antihypertensive activities [13]. In recent years, the design
and synthesis of naphthyridines as a strong and particular
antiviral inhibitor have been expressed [14,15].
The main synthetic processes that are utilized to produce

different sorts of 1,8-naphthyridine system include
condensation of 2-aminopyridine derivatives with carbonyl
compounds which contain an activated methylene group
[16–22] or with β-ketoesters [23]. The other common
method to prepare 1,8-naphthyridine is condensation of
ethanolic 2-amino-3-formylpyridines, in the presence of
piperidine base, with active methylene compounds,
aldehydes, acylic, and cyclic ketones [24,25].
© 2016 Wiley Pe
It has been proved that the Vilsmeier-Haack reagent is a
multipurpose reagent which is capable of performing many
synthetic transformations [26]. It is applied in formylation
[27], cyclohaloaddition [28], cyclization [29] and ring
annulations [30]. We have synthesized the novel 1,8-
naphthyridine derivatives using the reaction of 2-
substituted vinamidinium salts with 2,6-diaminopyridine.
It is noteworthy that although many derivatives of
1,8-naphthyridines have been synthesized [16–25,31,32],
to the best of our knowledge, up to date there is no report
on the synthesis of these derivatives using 2-substituted
vinamidinium salts as starting compounds. The structure
of the compounds were confirmed on the basis of their
spectral (1H-NMR, 13C-NMR, IR, UV/VIS, and Mass)
data and elemental analysis.
RESULTS AND DISCUSSION

A facile and efficient procedure for the preparation of
the functionalized 1,8-naphthyridine derivatives by
reaction of 2-substituted vinamidinium salts and 2,6-
diaminopyridine catalyzed by acetic acid is described.
This new protocol has the advantages of good yields
and convenient operation. The most used method of
preparation, exemplified in Table 2, starts from a 2-
substituted vinamidinium salt which is converted into
a 1,8-naphthyridine by means of reaction with
riodicals, Inc.



Table 2

Synthesis of 1,8-naphthyridine derivatives 2a–g.

Entry R Product Yield (%)a

1 75

2 68

3 72
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2,6-diaminopyridine. 2-Substituted vinamidinium salts
were synthesized by means of Vilsmeier-Arnold
formylation [30,33]. In this study, several conditions
were tested at first, including diverse solvents, tempera-
tures, and catalysts in order to find the best reaction
conditions for the synthesis of 2a–g. The effects of sol-
vents and catalysts were evaluated for this reaction, and
the results are summarized in Table 1. The reactions
were carried out from 2–substituted vinamidinium salt
1a (R=4-tert-butylpyridine) and 2,6-diaminopyridine as
a model reaction (Table 2). When ethanol was used as
the solvent and the mixture was subjected to reflux,
the desired product, 2a, was obtained in low yields
(25%, 35%, entries 2, and 3) after 12 h. In a modified
protocol, the reaction was performed in acetonitrile as
the solvent, obtaining significant improvements evidenced
by better yields of the target product (75%), and shorter
reaction times. As it is clearly observed in entries one
and eight, the reaction did not take place without a
catalyst. So, we performed the reaction with acidic
catalyst. Results showed that both the aluminum
chloride and the zinc chloride in conventional refluxing
favored the product of 2a (Table 1), but the yields were
not very high, whereas acetic acid favored the formation
of product in higher yields in acetonitrile as solvent.
The best catalyst, acetic acid, was therefore chosen as
the catalyst for this new transformation. To determine
the extent of application of the cyclization reaction, the
same conditions were used for some selected 2-substituted
vinamidinium salts to get the 1,8-naphthyridine derivatives
2a–g (Table 2).
A possible mechanism for the formation of 1,8-

naphthyridine derivatives 2a–g is shown in Scheme 1. It
seems that the reaction proceeds via the initial attack of
amino group to vinamidinium salt and then elimination of
dimethylamine occurs in presence of acetic acid as catalyst.
Finally, an intramolecular nucleophilic cyclization occurs
on the iminium salt to produce the product. All 1,8-
naphthyridine derivatives 2a–g are new compounds, the
molecular structures of which were confirmed on the basis
Table 1

Optimization of reaction conditions for the synthesis of compound 2a.

Catalyst Conditions Time (h) Yield (%)a

– EtOH, reflux 12 –
AlCl3 EtOH, reflux 12 25
ZnCl2 EtOH, reflux 12 35
AcOH EtOH, reflux 12 40
AcOH MeCN, reflux 3 75
AlCl3 MeCN, reflux 12 45
ZnCl2 MeCN, reflux 12 42
– MeCN, reflux 12 –

aIsolated yield.

4 70

(Continued)
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Table 2

(Continued)

Entry R Product Yield (%)a

5 65

6 58

7

2 g

62

aIsolated yield.

Scheme 1. Suggested reaction mechanism for the formation of 1,8-
naphthyridine derivatives 2a–g.
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of their spectral (1H-NMR, 13C-NMR, IR, UV/VIS, and
mass) data.
In conclusion, seven novel substituted 1,8-naphthyridine

derivatives were synthesized by reactions of 2-substituted
vinamidinium salts with 2,6-diaminopyridine in good
yields. The presented synthetic procedure is a simple and
good yielding method for the preparation of compounds
2a–g. The structures of all the new compounds were
characterized by IR, 1H-NMR, 13C-NMR, MS (mass
spectrometry) spectra, and elemental analyses. The
chemical shifts and multiplicities protons were in
accordance with the expected values.
Journal of Heterocyclic Chemistry DOI 10.1002/jhet
EXPERIMENTAL

Typical procedure for the synthesis of 2-(7-amino-1,8-
naphthyridin-3-yl)isoquinolinium perchlorate (2f) as a
derivative of 1,8-naphthyridines. 2-(1-(Dimethylamino)-
3-(dimethylimino)prop-1-en-2-yl)isoquinolinium as 2-
substituted vinamidinium salt was prepared according to
procedures described by means of Vilsmeier-Arnold
formylation [30,31]. To a vigorously stirring solution of
2-substituted vinamidinium salt (1.0mmol, 0.454 g) and
AcOH (1mL) in CH3CN (7.0mL), was added dropwise a
solution of 2,6-diaminopyridine (1.0mmol, 0.109 g) in
CH3CN (3.0mmol) under reflux. The mixture was
allowed to reflux and stirred for 3 h after the addition was
complete. When cooled to room temperature, the mixture
was diluted with distilled H2O (20mL). The resulting
precipitate was collected by filtration, washed with Et2O
(2× 10mL), and dried under vacuum at 80°C.

1-(7-Amino-1,8-naphthyridin-3-yl)-4-tert-butylpyridinium
perchlorate [2a]. Chocolate powder; yield 75%;
mp> 400°C; IR (KBr), (cm�1): 3414, 2964, 1630, 1108;
δH (400MHz, d6-DMSO) 1.46 (9H, s, CH3), 7.20 (1H, d,
J 8.8Hz), 7.50 (2H, s, NH2), 7.82 (1H, d, J 8.8Hz), 8.35
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(2H, d, J 6.8Hz), 8.58 (1H, d, J 2.4Hz), 8.97 (1H, d, J
2.4Hz), 9.32 (2H, d, J 6.8Hz); δC (100MHz, d6-DMSO)
30.0, 37.1, 99.3, 104.8, 125.1, 125.5, 126.2, 144.6, 147.2,
147.9, 157.3, 159.3, 172.3; UV: λmax (DMSO)/nm=363;
EI-MS (70ev): m/z =279 [M+]; Anal. Calcd for
(C17H19N4)(ClO4): C, 53.89; H, 5.01; N, 14.73. Found: C,
53.11; H, 4.87; N, 14.12.

1-(7-Amino-1,8-naphthyridin-3-yl)quinolinium perchlorate
[2b]. Dark brown powder; yield 68%; mp> 400°C; IR
(KBr), (cm�1): 3356, 3204, 1599, 1096; δH (400MHz,
d6-DMSO) 7.24 (1H, d, J 2Hz), 7.50 (2H, s, NH2),7.88
(1H, d, J 8.8Hz), 8.19 (1H, t, J 7.6Hz), 8.38 (1H, t, J
7.6Hz), 8.47 (1H, d, J 8Hz), 8.61 (1H, d, J 8Hz), 8.71
(1H, d, J 2.4Hz), 8.77 (1H, d, J 6.8Hz), 9.12 (1H, d, J
2.4Hz), 9.16 (1H, d, J 6.8Hz), 10.48 (1H, d, J 8Hz); δC
(100MHz, d6-DMSO) 121.1, 126.2, 127.8, 127.9, 130.3,
131.5, 132.0, 132.9, 135.4, 135.8, 137.4, 138.0, 138.4,
145.7, 150.5, 150.8, 153.0; UV: λmax (DMSO)/nm=307;
EI-MS (70ev): m/z =273 [M+]; Anal. Calcd for
(C17H13N4)(ClO4): C, 54.78; H, 3.48; N, 15.02. Found:
C, 53.49; H, 3.24; N, 15.60.

1-(7-Amino-1,8-naphthyridin-3-yl)pyridinium perchlorate
[2c]. Orange powder; yield 72%; mp>400°C; IR
(KBr), (cm�1): 3415, 3065, 1637, 1089; δH (400MHz,
d6-DMSO) 7.19 (1H, d, J 8.8Hz), 7.77 (2H, s, NH2),
7.82 (1H, d, J 8.8Hz), 8.34 (2H, t, J 7.2Hz), 8.61 (1H,
d, J 1.8Hz), 8.81 (1H, t, J 8Hz), 8.98 (1H, d, J 2.8Hz),
9.42 (2H, dd, J1 6.8Hz, J2 1.2Hz); δC (100MHz, d6-
DMSO) 105.7, 119.1, 121.1, 128.6, 130.4, 131.9, 132.7,
145.1, 145.3, 146.6, 150.7, 152.8; UV: λmax (DMSO)/
nm=366; EI-MS(70ev): m/z = 222 [M+]; Anal. Calcd for
(C14H12N3)(ClO4): C, 52.26; H, 3.73; N, 13.05. Found:
C, 51.94; H, 3.25; N, 14.20.

1-(7-Amino-1,8-naphthyridin-3-yl)-4-benzylpyridinium
perchlorate [2d]. Dark brown powder; yield 70%;
mp>400°C; IR (KBr), (cm�1): 3363, 3187, 2923, 1641,
1094; δH (400MHz, d6-DMSO) 4.41 (2H, s, CH2), 7.03
(1H, d, J 9.1Hz), 7.26–7.56 (5H, m), 7.70 (2H, s, NH2),
8.05–8.17 (2H, m), 8.20 (1H, d, J 9.1Hz), 8.43 (1H, d, J
1.8Hz), 8.49 (1H, d, J 1.8Hz), 8.96 (2H, d, J 6.8Hz); δC
(100MHz, d6-DMSO) 50.0, 117.3, 117.5, 117.8, 118.4,
118.5, 120.1, 120.8, 122.1, 122.4, 122.6, 124.9, 126.0,
146.2, 147.9, 155.0; UV: λmax (DMSO)/nm=440; EI-MS
(70ev): m/z = 313 [M+]; Anal. Calcd for (C20H17N4)
(ClO4): C, 58.18; H, 4.11; N, 13.56. Found: C, 57.85; H,
4.46; N, 13.92.

6-Naphthalen-1-yl-1,8-naphthyridin-2-amine [2e]. Olivaceous
powder; yield 65%; mp=270°C; IR (KBr), (cm�1): 3385,
3052, 1588, 1109; δH (400MHz, d6-DMSO) 7.48 (1H, d, J
9.1Hz), 7.69 (2H, s, NH2), 7.49–7.69 (7H, m), 7.80 (1H,
d, J 9.1Hz), 7.98 (1H, d, J 2.1Hz), 8.06 (1H, d, J 2.1Hz);
δC (100MHz, d6-DMSO) 102.3, 124.8, 124.9, 125.0,
125.8, 126.1, 127.2, 128.1, 129.1, 129.9, 130.3, 130.9,
133.2, 134.1, 140.1, 140.2, 141.1, 164.3; UV: λmax
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(DMSO)/nm=315; EI-MS (70ev): m/z = 271 [M+]; Anal.
Calcd for (C18H13N3): C, 79.68; H, 4.79; N, 15.48.
Found: C, 79.02; H, 4.37; N, 14.98.

2-(7-Amino-1,8-naphthyridin-3-yl)isoquinolinium perchlorate
[2f]. Brown powder; yield 58%; mp> 400°C; IR (KBr),
(cm�1): 3451, 3355, 1630, 1086; δH (400MHz,
d6�DMSO) 7.03 (1H, d, J 9.1Hz), 7.39 (2H, s, NH2),
8.14–8.20 (2H, m), 8.37 (1H, t, J 8Hz), 8.47 (1H, d, J
8Hz), 8.61 (1H, d, J 6.3Hz), 8.72 (1H, d, J 1.8Hz), 8.78
(1H, d, J 7.7Hz), 9.14 (1H, d, J 6.3Hz), 9.19 (1H, d, J
1.8Hz), 10.46 (1H, s); δC (100MHz, d6-DMSO) 115.9,
116.0, 126.2, 127.81, 127.84, 131.5, 132.0, 132.9, 133.4,
135.5, 137.5, 138.1, 138.5, 147.5, 150.7, 157.7, 162.6;
UV: λmax (DMSO)/nm=369; EI-MS (70ev): m/z = 273
[M+]; Anal. Calcd for (C17H13N4)(ClO4): C, 54.78; H,
3.48; N, 15.02. Found: C, 54.11; H, 3.27; N, 15.60.

6-Bromo-1,8-naphthyridin-2-amine [2 g]. Dark orange
powder; yield 62%; mp=210°C; IR (KBr), (cm�1):
3336, 3193, 1624, 1094; δH (400MHz, d6-DMSO) 7.11
(d, J 8.8Hz, 1H), 7.57 (s, 2H, NH2), 7.86 (d, J 8.8Hz,
1H), 8.59 (d, J 4.4Hz, 1H), 9.03 (d, J 4.4Hz, 1H); δC
(100MHz, d6-DMSO) 115.2, 116.4, 136.4, 139.3, 140.3,
152.4, 159.6, 161.2; UV: λmax (DMSO)/nm=361; EI-MS
(70ev): m/z = 224 [M]; Anal. Calcd for (C18H6BrN3): C,
42.88; H, 2.70; N, 18.75. Found: C, 43.01; H, 2.92; N,
18.81.
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