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Abstract. A method is presented for the synthesis of 4-(substituted phenyl)-3-(3-substituted phenyl)4H -
spiro[isoxazole-5,3′-pyrido[1,2-a]pyrimidine]-2′,4′-dione (3), 3-(4-substituted phenyl)-3H -isoxazole[3,
4-d]pyrido[1,2-a]pyrimidin-4-(3aH )-one (4) and 3-(4-substituted phenyl) 3,3a-dihydropyrazolo[3,4-
d]pyrido[1,2-a]pyrimidin-4-(2H )-one (5) which consists of the conversion of 2H -pyrido[1,2-a]pyrimidine-
2,4(3H )-dione (1) to chalcones (2) and their 1,3-dipolar cycloaddition with appropriate aldoximes to give
spiro compounds and heterocyclization using amines to yield isoxazolines and pyrazolines. All the compounds
were screened for their antimicrobial and antitubercular activity.
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1. Introduction

Compounds incorporating heterocyclic ring systems
continue to attract considerable interest due to the wide
range of biological activities they possess. Amongst
them, five-membered heterocyclic compounds occupy
a unique place in the realm of natural and synthetic
organic chemistry. Five-membered heterocycles like
isoxazoline and pyrazoline have found wide applica-
tions in the fields of pharmaceutical and agrochemical
chemistry.

The value of pyrimidine derivatives is significant
among various heterocycles, as they are found to
possess antineoplastic,1–3 antiviral,4–6 antibiotic,7 anti-
inflammatory,8 antifungal,9 antitumour10,11 and other
diverse biological activities.12–15 Many pyrimidine
derivatives are used for the production of thyroid drugs
and in the treatment of leukemia also.

In recent years, attention has been increasingly drawn
to the synthesis of isoxazolines and pyrazolines as
a new source of antibacterial agents. Isoxazoline
derivatives have been reported to possess antifun-
gal,16 antibacterial, 17 antitumour,18 antiinflammatory,19
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antiviral,20 analgesic,21 antidiabetic22 and anticancer23

activities. In addition to this, isoxazoline derivatives
have played a crucial role in the theoretical deve-
lopment of heterocyclic chemistry and are also used
extensively in organic synthesis.

Spiroisoxazolines are heterocyclic nuclei which have
stimulated much interest in the field of medicinal
and biological chemistry.24 They display interesting
plant growth regulatory,25 herbicidal26 and antitu-
mour27 activities. Antitubercular and antimicrobial acti-
vity28,29 of some spiroisoxazoline derivatives have also
been reported recently. The results clearly show that
spiroisoxazoline-based compounds have the ability to
become drugs of immense use in the above mentioned
areas.

Pyrazolopyrimidines and fused heterocycles related
to it have also been identified as bioactive molecules.
They are known to function as CNS depressants,30 neu-
roleptic,31 antihypertensive,32 analgesic,33 antimicro-
bial34 and tuberculostatic35 agents and have also been
identified as adenosine receptors.36

Encouraged by the diverse biological activities of
isoxazoline, pyrazoline, spiroisoxazoline and pyrimi-
dine compounds, in our investigation we found an inter-
esting approach to synthesize these ring systems fused
with pyrimidine nucleus.
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2. Experimental

All melting points are uncorrected. IR spectra were
recorded on a Perkin-Elmer 1430 spectrophotometer
using KBr pellets. Mass spectra were recorded on a Va
70-70H spectrophotometer at 70 eV. 1H and 13C spec-
tra were recorded in CDCl3 or DMSO using TMS as an
internal standard on a Bruker F 400 MHz NMR spec-
trophotometer, respectively. Elemental analyses were
carried out on Carlo Erba EA-1108 element analyzer.

2.1 General procedure for the preparation
of 2H-pyrido[1,2-a]pyrimidine-2,4(3H)-dione 1

2-Amino pyridine (2 g, 0.0212 mol) and malonic acid
(2.208 g, 0.0211 mol) were refluxed in absolute ethanol
(20 mL) under anhydrous conditions for 12 h and excess
solvent was then distilled off. Crystalline solid which
separated on cooling was collected and recrystallized
with methanol. mp 180◦C ; IR (KBr)cm−1: 3438 (O–H),
3100 (C–H), 2930 (C–H aliphatic), 1700 (C=O), 1656
(C=N); 1H NMR (CDCl3) δ: 3.29 (CH2 protons), 7.28
(t, 1H, C7H), 7.5 (d, 1H, C9H), 7.7 (t, 1H, C8H), 8.82 (d,
1H, C6H); 13C NMR (CDCl3) δ: 40.20 (CH2 carbons),
121.7, 124.20, 125.2, 130.3, 149.5, 170.08, 171.1. Anal.
Calcd. C: 59.26, H: 3.70, N: 17.28, Found C: 60.00, H:
3.58, N: 17.14%.

2.2 General procedure for the preparation
of 3-(4-substituted benzylidene)-2H-pyrido[1,2-
a]pyrimidine-2,4(3H)-dione 2a–c

The desired compounds 2a–c were prepared via Claisen
condensation of 1 with substituted benzaldehydes in the
presence of NaOH by known procedure.37–41

2.2a 3-Benzylidene-2H-pyrido[1,2-a]pyrimidine-
2,4(3H)-dione 2a: Yellowish white crystals, yield
75%, mp 180◦C; IR (KBr)cm−1: 3016 (Ar-H), 1680
(C=O), 1634 (C=N); 1H NMR (CDCl3) δ: 6.05–7.09
(m, 5H, Ar-H), 7.18–7.80 (m, 3H, C7–9), 8.25 (s, 1H,
benzylidene), 8.80 (d, 1H, C6H); 13C NMR (CDCl3) δ:
118.5, 125.6, 127.7, 127.9, 128.4, 128.7, 128.8, 133.2,
134.6, 138.4, 145.2, 148.3, 156.4, 179, 181.3; Anal.
Calcd. C: 72.00, H: 4.03, N: 11.20, Found C: 71.89, H:
3.94, N: 11.17%.

2.2b 3-(4-Chlorobenzylidene)-2H -pyrido[1,2-a]
pyrimidine-2,4(3H)-dione 2b: Brown crystals, yield
79 %, mp 168◦C; IR (KBr)cm−1: 3009 (Ar-H), 1676
(C=O), 1630 (C=N); 1H NMR (CDCl3) δ: 6.15–7.09
(m, 4H, Ar-H), 7.45–7.97 (m, 3H, C7–9), 8.30 (s, 1H,

benzylidene), 8.82 (d, 1H, C6H); 13C NMR (CDCl3) δ:
117.4, 125.7, 128.2, 128.5, 131.6, 132.9, 133.4, 133.7,
135.1, 138.4, 147.1, 148.9, 157.2, 178.7, 180.7; Anal.
Calcd. C: 63.27, H: 3.16, N: 9.84, Found C: 63.45, H:
3.08, N: 9.89%.

2.2c 3-(Benzo[d][1,3]dioxol-5-ylmethylene)-2H -
pyrido[1,2-a]pyrimidine-2,4(3H)-dione 2c: Light
brown crystals, yield 78%, mp 202◦C; Anal. Calcd. C:
65.30, H: 3.40, N: 9.52, Found C: 65.0, H: 3.37, N:
9.49%.

2.3 General procedure for the preparation
of 4-(substituted phenyl)-3-(substituted phenyl)-4H-
spiro[isoxazole-5,3′-pyrido[1,2-a]pyrimidine]-2′,4′-
dione 3a–f

A mixture of arylidene 2a–c (0.068 mol) and para
substituted benzadoximes (0.07 mol) was stirred in
chloroform (20 ml) at cold temperature (0–5◦C). To
this mixture was added 15 ml of sodium hypochlorite
(degree = 12 g NaClO4/100 g solution) drop-wise over
20 min keeping the temperature below 5◦C. The reac-
tion mixture was then stirred for 4–8 h at room tem-
perature, until TLC indicated complete disappearance
of reactants. The chloroform layer was then separated,
washed with water and dried over anhydrous sodium
sulphate. Excess of chloroform was then distilled off.
The compounds 3(a–f) obtained, were recrystallized
from ethanol.

2.3a 3-(3-Nitrophenyl)-4-phenyl-4H-spiro[isoxazole-
5,3′-pyrido[1,2-a]pyrimidine]-2′,4′-dione 3a: Pale
yellow crystals, yield 66%, mp 167◦C; IR (KBr)cm−1:
1710 (C=O), 1533 (C=N), 1310 (C–O); 1H NMR
(CDCl3) δ: 5.36 (s, 1H, 4-CHAr), 6.05–6.96 (m, 9H,
Ar-H), 7.21–8.05 (m, 3H, protons of pyridine ring),
8.72 (d, 1H, proton adjacent to N-atom); 13C NMR
(CDCl3) δ: 33.4 (CH2 of oxazole), 94.2 (C–O of oxa-
zole), 121, 124.9, 125.1, 125.5, 125.8, 126.3, 127.2,
127.4, 128.5, 128.8, 130.9, 131.3, 134.2, 134.6, 135.7,
140.6, 150.4, 166.4, 175.3, 195.8; Mass: M+ 414, 164,
160, 122, 93, 90, 78, 28; Anal. Calcd. C: 66.33, H:
3.52, N: 14.07, Found C: 66.26, H: 3.49, N: 13.96%.

2.3b 3-(4-Chlorophenyl)-4-phenyl-4H-spiro[isoxazole-
5,3′-pyrido[1,2-a]pyrimidine]-2′,4′-dione 3b: Light
yellow crystals, yield 68%, mp 171◦C; IR (KBr)cm−1:
1722 (C=O), 1530 (C–N), 1318 (C–O), 737 (C–Cl);
1H NMR (CDCl3) δ: 5.33 (s, 1H, 4-CHAr), 6.12–6.89
(m, 9H, Ar-H), 6.99–7.94 (m, 3H, protons of pyri-
dine ring), 8.75 (d, 1H, proton adjacent to N-atom);
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13C NMR (CDCl3) δ: 32.6, 93.3, 119.5, 125.6, 125.7,
126.2, 127.4, 127.6, 128.2, 128.3, 128.5, 128.7, 128.8,
128.9, 131.8, 135.6, 136.2, 140.9, 151.2, 165.6, 174.8,
192.1; Mass: M+ 403, 405(M+2), 160, 155, 153, 113,
111, 93, 90, 78, 28; Anal. Calcd. C: 65.43, H: 3.47, N:
10.41, Found C: 65.50, H: 3.51, N: 10.45%.

2.3c 4-(4-Chlorophenyl)-3-(3-nitrophenyl)-4H-spiro
[isoxazole-5,3′-pyrido[1,2-a]pyrimidine]-2′,4′-dione 3c:
Yellow crystals, yield 66.5%, mp 189◦C; IR (KBr)
cm−1: 1726 (C=O), 1528 (C–N), 1314 (C–O), 741
(C–Cl); 1H NMR (CDCl3) δ: 5.69 (s, 1H, 4-CHAr),
6.76–7.18 (m, 8H, Ar-H), 7.26–8.09 (m, 3H, protons of
pyridine ring), 8.81 (d, 1H, proton adjacent to N-atom);
13C NMR (CDCl3) δ: 34.2, 93.9, 120.6, 124.8, 125.1,
125.3, 126.2, 128.5, 128.7, 129.2, 129.6, 130.8, 131.4,
131.7, 134.5, 134.6, 135.0, 139.1, 148.5, 164.7, 174.9,
192.6; Mass: M+ 448, 500 (M+2), 160, 155, 153, 124,
122, 113, 111, 93, 78, 28; Anal. Calcd. C: 61.04, H:
3.00, N: 12.95, Found C: 60.87, H: 2.98, N: 13.02%.

2.3d 3-(4-Chlorophenyl)-4-(4-chlorophenyl)-4H-spiro
[isoxazole-5,3′-pyrido[1,2-a]pyrimidine]-2′,4′-dione 3d:
Yellowish white crystals, yield 69.2%, mp 185–186◦C;
IR (KBr)cm−1: 1706 (C=O), 1539 (C=N), 1313
(C–O), 760 (C–Cl); 1H NMR (CDCl3) δ: 5.61 (s, 1H,
4-CHAr), 6.70–7.09 (m, 8H, Ar-H), 7.55–8.18 (m, 3H,
protons of pyridine ring), 8.79 (d, 1H, proton adjacent
to N-atom); 13C NMR (CDCl3) δ: 32.1, 93.1, 116.0,
125.3, 125.7, 126.4, 128.5, 128.8, 128.9, 129.4, 129.7,
130.8, 131.4, 131.6, 133.8, 135.1, 135.4, 139.0, 150.2,
165.1, 174.8, 190.2; Mass: M+ 437, 160, 155, 153,
124, 113, 111, 93, 78, 28; Anal. Calcd. C: 60.27, H:
2.97, N: 9.59, Found C: 60.16, H: 3.0, N: 9.60%.

2.3e 4-(Benzo[d][1,3]dioxol-5-yl)-3-(3-nitrophenyl)-
4H-spiro[isoxazole-5,3′-pyrido[1,2-a]pyrimidine]-2′,
4′-dione 3e: Shiny white crystals, yield 66%, mp
212◦C; IR (KBr)cm−1: 1692 (C=O), 1540 (C=N),
1246 (C–O); 1H NMR (CDCl3) δ: 5.03 (s, 1H, 4-
CHAr), 6.07 (s, 2H, -CH2 of piperonal ring), 6.96–7.44
(m, 7H, Ar-H), 7.69–8.27 (m, 3H, protons of pyridine
ring), 8.7 (d, 1H, proton adjacent to N-atom); 13C NMR
(CDCl3) δ: 33.7, 94.5, 108.3, 109.2, 117.4, 121.6,
125.3, 125.6, 125.8, 126.2, 130.7, 131.2, 133.8, 134.0,
134.6, 135.3, 146.5, 147.9 (Ar-C), 151.8, 165.1, 178.2,
195.7; Mass: M+ 458, 164, 160, 134, 122, 93, 78, 28;
Anal. Calcd. C: 60.26, H: 3.06, N: 12.23, Found C:
60.18, H: 3.12, N: 12.18%.

2.3f 4-(Benzo[d][1,3]dioxol-5-yl)-3-(3-chlorophenyl)-
4H-spiro[isoxazole-5,3′-pyrido[1,2-a]pyrimidine]-2′,4′-

dione 3f: White crystals, yield 67%, mp 206◦C; IR
(KBr)cm−1: 1698 (C=O), 1538 (C=N), 1250 (C–O),
756 (C–Cl); 1H NMR (CDCl3) δ: 5.11 (s, 1H, 4-CHAr),
6.05 (s, 2H, -CH2 of piperonal ring), 7.05–7.86 (m, 7H,
Ar-H), 7.94–8.34 (m, 3H, protons of pyridine ring),
8.70 (d, 1H, proton adjacent to N-atom); 13C NMR
(CDCl3) δ: 33.1, 93.9, 100.80, 108.4, 108.9, 116.9,
120.6, 125.1, 125.4, 126.3, 129.3, 130.5, 130.7, 133.9,
134.6, 135.7, 135.8, 145.8, 148.1, 151.5, 164.9, 176.3,
190.5; Mass: M+ 447, 449 (M+2), 160, 155, 153, 134,
113, 111, 93, 78, 28; Anal. Calcd. C: 61.68, H: 3.13, N:
9.39, Found C: 62.00, H: 3.23, N: 9.42%.

2.4 General procedure for the preparation
of 3-(4-substituted phenyl)-3H-isoxazolo[3,4-d]
pyrido[1,2-a]pyrimidin-4(3aH)-one 4a–c

A mixture of compound 2 (0.01 mol) and hydroxy-
lamine hydrochloride (0.01 mol) in 2% ethanolic
sodium hydroxide solution (5 ml) was heated to reflux
for 6–7 h. The progress of the reaction was monitored
by TLC. After completion of the reaction, the solvent
was removed under reduced pressure and the residue
was added to ice water (15 ml). The resulting solution
was neutralized by dilute HCl and extracted with CHCl3

(20 ml). Chloroform layer was dried over anhydrous
sodium sulphate, filtered and concentrated to obtain
the product. The crude product was recrystallized with
appropriate solvent.

2.4a 3-Phenyl-3H -isoxazolo[3,4-d]pyrido[1,2-a]
pyrimidin-4(3aH)-one 4a: Light brown crystals,
yield 77%, mp >290◦C; Recrystallization solvent:
Ethanol; IR (KBr) cm−1: 1726 (C=O), 1545 (C=N),
1312 (C–O); 1H NMR (CDCl3) δ: 2.65 (d, 1H, C3),
4.01 (d, 1H, C3a), 7.22–7.38 (m, 5H, Ar-H), 7.45–8.0
(m, 3H, protons of pyridine ring), 8.24 (d, 1H, proton
adjacent to N-atom,); 13C NMR (CDCl3) δ: 40.5, 82.9,
120.6, 125.6, 125.8, 126.8, 127.2, 127.6, 128.3, 128.4,
135.4, 140.7, 150.4, 164.3, 173.2; Mass: M+ 265, 188,
160, 93, 78, 77; Anal. Calcd. C: 67.92, H: 4.15, N:
15.85, Found C: 68.15, H: 4.06, N: 15.92%.

2.4b 3-(4-Chlorophenyl)-3H-isoxazolo[3,4-d]pyrido
[1,2-a]pyrimidin-4(3aH )-one 4b: Brownish white
crystals, yield 76.5%, mp 188◦C; Recrystallization
solvent: Ethanol; IR (KBr) cm−1: 1729 (C=O), 1542
(C=N), 1319 (C–O), 754 (C–Cl); 1H NMR (CDCl3) δ:
2.3 (d, 1H, C3), 3.75 (d, 1H, C3a), 7.36–7.41 (m, 4H,
Ar-H), 7.43–7.50 (m, 3H, protons of pyridine ring),
8.28 (d, 1H, proton adjacent to N-atom); 13C NMR
(CDCl3) δ: 40.3, 83.2, 119.7, 125.4, 125.7, 126.3,
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126.6, 129.1, 129.4, 133.4, 135.8, 138.6 (Ar-C), 150.3,
164.0, 172.5; Mass: M+ 299, 301 (M+2), 188, 160,
126, 124, 113, 111, 93, 78; Anal. Calcd. C: 60.10, H:
3.33, N: 14.02, Found C: 59.84, H: 3.30, N: 14.16%.

2.4c 3-(Benzo[d][1,3]dioxol-4-yl)-3H-isoxazolo[3,4-
d]pyrido[1,2-a]pyrimidin-4(3aH)-one 4c: Dirty
white crystals, yield 71%, mp 168–169◦C; Recrys-
tallization solvent: Methanol; IR (KBr)cm−1: 1731
(C=O), 1542 (C=N), 1310 (C–O); 1H NMR (CDCl3)
δ: 2.25 (d, 1H, C3), 3.80 (d, 1H, C3a), 6.12 (s, 2H,
O-CH2-O-), 7.37 (d, 2H, Ar-H), 7.43 (d, 1H, Ar-H),
7.5–8.19 (m, 3H, protons of pyridine ring), 8.56 (d, 1H,
proton adjacent to N-atom); 13C NMR (CDCl3) δ: 40.5,
83.5, 101.3, 109.0, 110.1, 116.5, 119.4, 125.4, 125.7,
133.9, 135.2, 146.9, 149.3, 150.8, 164.5, 172.2; Mass:
M+ 309, 188, 160, 121, 93, 78; Anal. Calcd. C: 62.13,
H: 3.56, N: 13.59, Found C: 62.18, H: 3.51, N: 13.60%.

2.5 General procedure for the preparation
of 3-(4-substituted phenyl)-3,3a-dihydropyrazolo[3,4-
d]pyrido[1,2-a]pyrimidin-4(2H)-one 5a–c

A mixture of compound 2 (0.01 mol) and hydrazine
hydrate (0.013 mol) in absolute ethanol (15 ml) was
refluxed for 10–12 h. The reaction mixture was concen-
trated and the crude products thus obtained were then
purified by column chromatography using a mixture of
n-hexane-ethyl acetate (2:1).

2.5a 3-Phenyl-3,3a-dihydropyrazolo[3,4-d]pyrido[1,
2-a]pyrimidin-4(2H)-one 5a: Wheatish brown crys-
tals, yield 75%, mp 175◦C; IR (KBr) cm−1: 3323 (N–
H), 1716 (C=O), 1531 (C=N); 1H NMR (CDCl3) δ:
3.50 (d, 1H, C3), 4.45 (d, 1H, C3a), 7.06 (s, 1H, -N-H,
D2O exchangeable), 7.3–7.54 (m, 5H, Ar-H), 7.57–
8.32 (m, 3H, protons of pyridine ring), 8.35 (d, 1H,
proton adjacent to N-atom); 13C NMR (CDCl3) δ: 45.8,
53.5, 118.4, 125.3, 125.5, 125.6, 125.9, 126.4, 128.7,
128.9, 135.2, 143.5, 150.7, 156.2, 172.8 (C=O); Mass:
M+ 264, 145, 93, 78, 77, 42; Anal. Calcd. C: 68.18, H:
4.55, N: 21.21, Found C: 67.97, H: 4.52, N: 20.99%.

2.5b 3-(4-Chlorophenyl)-3,3a-dihydropyrazolo[3,4-d]
pyrido[1,2-a]pyrimidin-4(2H)-one 5b: Muddy brown
crystals, yield 72%, mp 193◦C; IR (KBr) cm−1: 3286
(N–H), 1712 (C=O), 1527 (C=N), 744 (C–Cl); 1H
NMR (CDCl3) δ: 3.54 (d, 1H, C3), 5.01 (d, 1H, C3a),
7.33–7.40 (m, 4H, Ar-H), 7.48–8.15 (m, 3H, protons of
pyridine ring), 8.42 (d, 1H, proton adjacent to N-atom);
13C NMR (CDCl3) δ: 45.1, 53.1, 116.9, 125.7, 125.9,
127.3, 127.6, 127.8, 128.4, 132.3, 135.1, 141.6, 150.5,
155.7, 172.3 (C=O); Mass: M+ 298, 300 (M+2), 139,

126, 124, 113, 111, 93, 78, 42; Anal. Calcd. C: 60.30,
H: 3.69, N: 18.76, Found C: 60.17, H: 3.72, N: 18.69%.

2.5c 3-(Benzo[d][1,3]dioxol-4-yl)-3,3a-dihydropyra-
zolo[3,4-d]pyrido[1,2-a]pyrimidin-4(2H)-one 5c:
White crystals, yield 76%, mp 179–180◦C; IR (KBr)
cm−1: 3310 (N–H), 1720 (C=O), 1529 (C=N); 1H
NMR (CDCl3) δ: 3.60 (d, 1H, C3), 5.00 (d, 1H, C3a),
6.09 (s, 2H, O-CH2-O-), 7.51 (d, 2H, Ar-H), 7.64 (d,
1H, Ar-H), 7.93–8.27 (m, 3H, protons of pyridine ring),
8.68 (d, 1H, proton adjacent to N-atom); 13C NMR
(CDCl3) δ: 45.4, 53.4, 101.6, 110.2, 112.4, 116.6,
118.0, 125.3, 125.7, 135.4, 135.9, 145.7, 148.6, 151.2,
155.9, 172.7; Mass: M+ 308, 187, 145, 121, 93, 78, 70,
42; Anal. Calcd. C: 62.34, H: 3.90, N: 18.18, Found C:
63.14, H: 3.86, N: 18.07%.

2.6 Chemistry

The starting material 2H -pyrido[1,2-a]pyrimidine-
2,4(3H)dione 1 was prepared via cyclization reaction
between 2-amino pyridine and malonic acid in the
presence of ethanolic sodium hydroxide. This under-
went Claisen condensation with aromatic aldehydes
to afford chalcones 2a–c. The chalcones were reacted
successfully with aromatic oximes, hydroxylamine and
hydrazine hydrate under different reaction conditions
to give cyclized products 4-(substituted phenyl)-3-
(3-substituted phenyl)4H -spiro[isoxazole-5,3′-pyrido
[1,2-a]pyrimidine]-2′,4′-dione 3a–f, 3-(4-substituted
phenyl)-3H -isoxazole[3,4-d]pyrido[1,2-a]pyrimidin-
4-(3aH )-one 4a–c and 3-(4-substituted phenyl)
3,3a-dihydropyrazolo[3,4-d]pyrido[1,2-a]pyrimidin-4-
(2H )-one 5a–c. In compounds 3a–f, the oxygen atom
of oxime is attached at the most substituted carbon of
dipolarophile 2a–c as generally observed for reaction
of nitrones and ethylenic dipolarophiles42,43 whereas
compounds 4a–c and 5a–c are formed presumably by
way of the hydrazones, followed by cyclization and
proton transfer.

The structures of new compounds were assigned on
the basis of their analytical and spectral data (IR, 1H,
13C NMR and Mass). The characteristic C=O bands
appeared in the 1700–1680 cm−1 region in the FT-IR
spectra of 1 and 2a–c. The FT-IR spectra of compounds
3a–f, 4a–c and 5a–c showed the presence of C=N band
in the region 1585–1520 cm−1. Compound 1 displayed
in its 1H NMR spectra, in addition to ethylenic pro-
tons, a doublet at δ 3.29 ppm due to resonance of CH2

protons. In the benzylidene derivatives 2a–c, this sig-
nal was absent, confirming the condensation had taken
place. Regarding compounds 3a–f, the 1H NMR spectra
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Scheme 1. Synthetic route for cyclization products of 3-(4-substituted benzylidene)-
2H-pyrido[1,2-a]pyrimidine 2,4-(3H)-diones.

showed the presence of one singlet, H4 of the isoxa-
zolineic ring at 5.30–5.90 ppm. Compounds 4a–c and
5a–c revealed in their 1H NMR spectra, two doublets in
the region 2.25–5.01 ppm due to one proton on each 3a–
CH and 3–CH, respectively, showing that cyclization
had occurred. 13C NMR of 3a–f showed distinct reso-
nances in agreement with the proposed structure. Spiro
carbon resonated at δ 71.93 ppm and C=N carbon at
∼162-8 ppm. All the compounds have shown an excel-
lent agreement between calculated and experimentally
obtained data for C, H, N analysis (scheme 1).

2.7 Bioassay

2.7a Evaluation of antimicrobial activity: Compounds
3a–f, 4a–c and 5a–c were evaluated in vitro for their
antibacterial activity against Staphylococcus aureus
(ATCC9144), Bacillus subtilis (ATCC6633), Pseu-
domonas aeruginosa (ATCC25619), Klebsiella pneu-
moniae and Escherichia coli (MTCC739) using ethanol

as a solvent by Disc Diffusion method.44 The activ-
ity was compared with ciprofloxacin and gentamycin.
The results are presented in table 1. Antifungal activ-
ities of these compounds were evaluated against Can-
dida albicans (ATCC24433) using ethanol as solvent
by the same method.44 The activity was compared with
fluconazole and the results are presented in table 1. The
zone of inhibition was measured after 24 h of incuba-
tion at 28◦C. The zone of inhibition developed, if any,
was then measured and recorded. Zone of inhibition for
ethanol was done separately and found that there was
no activity.

2.7b Evaluation of antitubercular activity: All the
compounds (3a–f, 4a–c and 5a–c) have been tested for
their antitubercular activity through Microplate Alamar
Blue Assay (MABA).45 The compounds were dissolved
in dimethyl sulphoxide (DMSO) to make 5 mg/ml
stock solutions. Serial dilutions from stocks were also
made in DMSO. Standard anti-TB drugs (isoniazid and
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Table 1. Antimicrobial activity of the synthesized compounds.

Zone of inhibition (mm)
Zone of inhibition (mm) of bacterial (Gram+ and Gram−) strains of fungal strain

Compounds S. aureus B. subtilis P. aeruginosa E. coli K. pneumoniae C. albicans

3a 10 8 6 6 6 12
3b 11 8 6 7 6 15
3c 9 9 7 7 6 11
3d 12 7 8 7 7 19
3e 18 21 12 9 10 27
3f 24 20 13 9 9 30
4a 10 8 6 9 9 15
4b 11 7 6 8 10 17
4c 9 8 7 11 9 27
5a 8 9 7 7 7 16
5b 10 9 8 9 12 16
5c 10 11 8 8 14 28
Control 6 6 6 6 6 6
Ciprofloxacin/ 20/19 20/17

Gentamycin
Fluconazole 29

Table 2. Antitubercular activity of all the synthesized compounds.

Compounds %Inhibition@12.5 μg/mL %Inhibition@6.25 μg/mL %Inhibition@3.12 μg/mL

3a 4 4 5
3b 2 3 4
3c 9 12 9
3d 27 14 15
3e 28 16 10
3f 23 11 16
4a 0 0 0
4b 0 0 0
4c 2 2 2
5a 0 0 0
5b 0 0 0
5c 0 2 3
Isoniazid 100 100 100

rifampicin) were used as positive control and the vehi-
cle (DMSO) was used as negative control. The per-
cent inhibition at different concentrations is presented
in table 2.

3. Results and discussion

3.1 Antimicrobial activity

Among the spiro compounds 3a–f, the one having
benzo[d] [1,3]dioxole as substituents i.e., 3e and 3f
showed excellent activity against both bacterial and
fungal strains. The zone of inhibition of these sub-
stituents was quite considerable against the Gram+ve

S. aureus (18 and 24 mm), B. subtilis (21 and 20 mm)
and the fungus C. albicans (27 and 30 mm, respec-
tively). It is noteworthy, that these two compounds
also inhibited the multiresistant P. aeruginosa to some
extent which is very encouraging. Rest of the synthe-
sized spiro compounds were moderately active. The
results were almost similar for isoxazole 4a–c and pyra-
zole derivatives 5a–c also. The benzo[d] [1,3]dioxole
substituted compounds 4c and 5c were more active than
the compounds with other substituents. These com-
pounds showed a marvelous zone of inhibition of 27
and 28 mm against the fungal strain C. albicans. The
increased activity of benzo[d] [1,3]dioxole substitution
might be due to its structure leading to a better fit at
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Figure 1. Graphical representation of antimicrobial activity.

Figure 2. Graphical representation of antitubercular
activity.

the receptor site. The Diameter of zone of inhibition is
expressed in mm and the results are shown in table 1.
The graphical representations are shown in figure 1.

3.2 Antitubercular activity

The compounds of the spiro series were somewhat
active as they inhibited the mycobacteria to a consider-
able percentage (23–28%). Compounds 3d, 3e and 3f
showed good inhibition at a concentration of 12 μg/mL
which was maximum among all the synthesized com-
pounds. It was quite interesting to observe that many
compounds viz. 3a, 3b and 5c showed a decreased per-
centage of inhibition of the mycobacterium when their
concentration was increased. The activity of compound
3b was quite abnormal on increasing its concentration
from 3.12 μg/mL to 6.25 μg/mL, the percentage inhi-
bition increased from 9 to 12 but at 12.5 μg/mL the per-
centage inhibition was again 9 which is a considerable
decrease. This may be due to the toxicity of these com-
pounds at a higher concentration or may be due to some
other reason. However, it is a matter of further research.

The isoxazole 4a–c and pyrazole 5a–c derivatives were
found to be more or less inactive. The percentage inhi-
bition at different concentration is expressed in μg/mL
and the results are shown in table 2 and, the graphical
representations are shown in figure 2.

4. Conclusion

In summary, we tested the new series of heterocycles
at several concentrations to evaluate their antimicro-
bial and antitubercular activity. Our results have shown
that among the spiro compounds 3a–f, the one having
benzo[d] [1,3]dioxole as a substituent showed excellent
activity against both bacterial and fungal strains, how-
ever no active antitubercular compound was identified.
The active compounds of the series would be promising
structural templates for the development of novel and
more efficient antimicrobial agents.
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