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A straightforward and highly efficient procedure has been 
described for the synthesis of 6-aryl-12H-pyrido[2',3':4,5]-
pyrimido[1,2-a][1,8]naphthyridin-12-ones 3 by the reaction of 3-
aryl-2-chloro-1,8-naphthyridines 1 with 2-aminonicotinic acid 2 
in glacial acetic acid under microwave irradiation. The products 
are obtained in very good yields and in a state of high purity. The 
structural assignments of compounds 3 were based on their 
elemental analyses and spectral (IR and 1H NMR) data. 
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acid, pyrido-[2',3':4,5]pyrimido[1,2,-a][1,8]naphthyridin-12-ones, 
microwave irradiation 

1,8-Naphthyridines constitute an important class of 
compounds possessing diverse biological activities1-3. 
On the other hand, pyridines are very important class 
of heterocycles and have been widely used in 
pharmaceutical and agrochemical industry4,5. Further, 
pyrimidines have been extensively explored for their 
applications in the field of biological and pharma-
cological activities6,7. Therefore, it was envisaged that 
chemical entities with 1,8-naphthyridine, pyridine and 
pyrimidine might result in compounds with 
interesting biological activity. 

Microwave-assisted organic synthesis has attracted 
attention in recent years8-10, due to enhanced reaction 
rates, high yields, improved selectivity and eco-
friendly conditions. Several methods have been 
developed for performing reactions with microwave 
irradiation in solution and under solvent-free 
conditions, but a homogeneous mixture is preferred to 
obtain uniform heating. The solvents with higher 
dielectric constants are superheated and the reactions 
take place rapidly. In view of this and in continuation 
of our interest in microwave-assisted organic 
transformations on 1,8-naphthyridine derivatives11-14, 
we report herein, a convenient, practical and efficient 
method for the synthesis of a novel and hitherto 

unknown bridgehead nitrogen heterocyclic system, 
pyrido[2',3':4,5]pyrimido[1,2-a]-[1,8]naphthyridin-
12-ones under microwave irradiation.  

Treatment of 3-aryl-2-chloro-1,8-naphthyridines 1 
with 2-aminonicotinic acid 2 in glacial acetic acid 
under microwave irradiation resulted in the formation 
of 6-aryl-12H-pyrido[2',3':4,5]pyrimido[1,2-a][1,8]-
naphthyridin-12-ones 3 (Scheme I), in very good 
yields (86-92%) with short reaction time (3.0-4.5 
min). The reaction is very clean and rapid. 
Furthermore, the products were obtained with a high 
degree of purity by this procedure and no further 
purification was needed. The experimental procedure 
is very simple. 

In a typical experimental procedure, an equimolar 
quantities of 3-phenyl-2-chloro-1,8-naphthyridine 1a 
and 2-aminonicotinic acid 2 in glacial acetic acid was 
exposed to microwave irradiation at 400 W for 3.0 
min. The reaction mixture was cooled to RT, digested 
with cold water and filtered off. After usual work-up 
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6-phenyl-12H-pyrido[2',3':4,5]pyrimido[1,2-a][1,8]-
naphthyridin-12-one 3a was obtained in 90% yield. 
The reaction is of general applicability and the 
different pyrido[2',3':4,5]pyrimido[1,2-a][1,8]-naph-
thyridin-12-ones 3 synthesized are given in Table I. 

Interestingly, this reaction proceeds only to a minor 
extent (5-8% in 3.0–4.5 min) when conducted under 
conventional conditions in an oil-bath preheated to 
120oC (measured immediately after microwave 
irradiation) which confirms the rate augmentation 
during microwave heating. 

This is the first report on rapid synthesis of a novel 
bridgehead nitrogen heterocyclic system, 
pyrido[2',3':4,5]pyrimido [1,2-a][1,8]-naphthyridines 
under microwave irradiation. The structures of 
compounds 3 were confirmed by their spectroscopic 
(IR and 1H NMR) and analytical data. 

In conclusion, a convenient and highly efficient 
protocol for the synthesis of pyrido[2',3':4,5]pyri-
mido[1,2-a][1,8]-naphthyridines under microwave 
irradiation is demonstrated. The significant advant-
ages of this procedure are the simple operation, very 
good yields, high purity and short reaction times. 

Experimental Section  
 

Melting points were determined on a Cintex 
melting point apparatus and are uncorrected. The 
purity of the compounds was checked using precoated 
TLC plates (Merk, 60F-254). IR spectra (KBr,cm-1) 
were recorded on a Perkin-Elmer spectrum BX series 
FT-IR spectrophotometer and 1H NMR spectra on a 

Varian Gemini 200 MHz spectrometer (chemical 
shifts in δ ppm) using TMS as internal standard. 
Irradiation was carried out in a domestic microwave 
oven (LG MG 556p, 2450 MHz). 3-Aryl-2-chloro-
1,8-naphthyridines 1 were prepared according to our 
reported procedures11-16. The 2-aminonicotinic acid 2 
was purchased from Aldrich Chemical Company.  

Table I ⎯ Characterization data of 6-aryl-12H-pyrido[2',3':4,5]pyrimido[1,2-a][1,8]-naphthyridin-12-ones 3 
 

Compd Reaction 
period 
(min) 

m.p. 
oC 

Yield 
(%) 

Mol. 
Formula 

N%* 
Found
(Calcd) 

IR 
(KBr)
(cm-1) 

1H NMR (CDCl3) 
δ, ppm 

3a 3.0 260 90 C21H13N3O 13.08
(13.00) 

1654 
1612 

7.80 (m, 3H, C3-H, C5-H, C10-H), 8.02 (m, 2H,  C4-H, C11-
H), 8.80 (m, 2H, C2-H, C9-H), 7.20-7.58 (m, 5H, Ar-H)  

3b 3.5 242 86 C22H15N3O2 11.97
(11.90) 

1665 
1618 

3.85 (s, 3H, OCH3), 7.79 (m, 3H, C3-H, C5-H,  C10-H), 8.00 
(m, 2H,  C4-H, C11-H), 8.70 (m, 2H, C2-H, C9-H), 7.00-7.30 
(m, 4H, Ar-H)  

3c 4.0 285(d) 90 C21H12N3OCl 11.83
(11.75) 

1656 
1615 

7.47 (m, 3H, C3-H, C5-H, C10-H), 7.98 (m, 2H,  C4-H, C11-
H), 8.65 (m, 2H, C2-H, C9-H), 7.18-7.38 (m, 4H, Ar-H).  

3d 4.0 280 87 C21H12N3OCl 11.84
(11.75) 

1655 
1610 

7.78 (m, 3H, C3-H, C5-H, C10-H), 7.97 (m, 2H,  C4-H, C11-
H), 8.60 (m, 2H, C2-H, C9-H), 7.20-7.45 (m, 4H, Ar-H)  

3e 4.5 270(d) 92 C21H12N3OCl 11.82
(11.75) 

1672 
1616 

7.80 (m, 3H, C3-H, C5-H, C10-H), 8.15 (m, 2H,  C4-H, C11-
H), 8.52 (m, 2H, C2-H, C9-H), 7.25-7.50 (m, 4H, Ar-H)  

3f 3.0 278 88 C21H12N3OBr 10.56
(10.47) 

1660 
1612 

7.77 (m, 3H, C3-H, C5-H, C10-H), 8.00 (m, C4-H, C11-H), 
8.63 (m, C2-H, C9-H), 7.22-7.47 (m, 4H, Ar-H)  

* All the compounds gave satisfactory C, H analyses 
 

General procedure for the synthesis of 6-aryl-
12H-pyrido-[2',3':4,5]pyrimido[1,2-a][1,8]naph-
thyridin-12-ones 3. A mixture of 3-aryl-2-chloro-1,8-
naphthyridine (1, 0.01 mole) and 2-aminonicotinic 
acid (2, 0.01 mole) in glacial acetic acid (20 mL) was 
subjected to microwave irradiation at 400 W 
intermittently at 30 sec intervals for the specified time 
(Table I). After completion of the reaction as 
indicated by TLC, the reaction mixture was cooled 
and treated with cold water. The solid that 
precipitated was filtered, washed with water and 
recrystallized from methanol to afford 3 (Table I). 

Acknowledgement  
The authors are thankful to the Director, IICT, 

Hyderabad for providing 1H NMR spectra. 

References 
1 Roma G, Braccio M D, Grossi G, Mattioli F & Ghia M, Eur J 

Med Chem, 35, 2000, 1021. 
2 Badawneh M, Ferranini P L, Calderone V, Manera C, 

Martinotti E, Mori C, Saccomanni G & Testai L, Eur J Med 
Chem, 36, 2001, 924. 

3 Tomita K, Tsuzuki Y, Shibamori K, Tashima M, Kajikawa F, 
Sato Y, Kashimoto S, Chiba K & Hino K, J Med Chem, 45, 
2002, 5564. 



NOTES 
 
 

2073

4 Spande T F, Garraffo H W, Edwards M W, Yeh H J C, 
Pannell L & Daly J W, J Am Chem Soc, 114, 1992, 3475. 

5 Shi W, Qian X, Zang R & Song G, J Agric Food Chem, 49, 
2001, 124. 

6 Menozzi G & Filippelli W, Farmaco, 49(2), 1994, 115; Chem 
Abstr, 121, 1994, 205269 h. 

7 Rovnyak G C, Kimball S D, Beyer B, Cucinotta G, Di Marco 
J D, Gougautas J, Hedberg A, Malley M, Mc Carthy J P, Zang 
R & Moreland S, J Med Chem, 38, 1995, 119. 

8 Caddick S, Tetrahedron, 51, 1995, 10403. 
9 Laupy A, Petit A, Hamelin J, Texier-Boullet F, Jacquault P & 

Mathe D, Synthesis, 1998, 1213. 

10 Lidstrom P, Tierney J, Wathey B & Westman J, Tetrahedron, 
57, 2001, 9225. 

11 Mogilaiah K, Chowdary D S & Reddy P R, Synth Commun, 
32, 2002, 857. 

12 Mogilaiah K & Reddy G R, J Chem Res, 2004, 145. 
13 Mogilaiah K & Reddy Ch S, Heterocycl Commun, 10, 2004, 363. 
14 Mogilaiah K, Uma Rani J & Sakram B, J Chem Res, 2005, 

516. 
15 Rani H S, Mogilaiah K & Sreenivasulu B, Indian J Chem, 

35B, 1996, 106. 
16 Mogilaiah K, Babu H R & Reddy N V, Synth Commun, 32, 

2002, 2377. 
 


