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Abstract

Introduction: Chalcone, isoxazole and acridines have diverse biological activities. A series of 
novel chalcone and isoxazole substituted 9-anilinoacridines were synthesized for their antibacterial, 
larvicidal, activities. 

Methods: A series of novel chalcone and isoxazole substituted 9-anilinoacridines (3a-h and 4a-h) 
were synthesized from 9-chloroacridine by microwave irradiation method. The antibacterial evaluation 
was performed by cup-plate method and screened for their larvicidal activity by larval bioassay method.

Result: The compounds 3d, 3e, 3f, 3h, 4d, 4f have significant antibacterial activity against Gram 
+ve bacteria like Staphylococcus aureus, Bacillus megaterium, and Gram –ve Escherichia coli, 
Klebsiella pneumoniae at 25µg/ml. Compounds 3c, 3f, 4a, 4f have significant larvicidal activity against 
culex and anopheles species at LC50value of 17-36ppm. 

Conclusion: Many of the compounds have significant antibacterial and larvicidal activities, which 
are used for further refinement.

activity against culex and anopheles species are described. As a part 
of our ongoing research on searching new potent antimicrobial and 
larvicidal agents, we have synthesized 9-anilinoacridine analogues 
bearing the isoxazole residue on anilino rings for antimicrobial and 
larvicidal evaluation. The results revealed that the newly synthesized 
derivatives exhibited significant biological activities. 

Materials and Methods
Melting points were obtained on Veego VMP-1 apparatus in open 

capillary tubes and are uncorrected. The reactions were monitored by 
TLC on silica gel thin layer plates. Compounds were analyzed for C, 
H, N and analytical results obtained for these elements were within 
±0.5% of the calculated values for the formula shown. IR spectra 
were obtained using a Perkin Elmer spectrum-2 FT-IR spectrometer. 
1HNMR and 13C NMR were recorded on Bruker A VIII 500 MHz 
Spectrometer. Chemical shifts are in parts per million (ppm). Mass 
spectra of the final compounds were recorded on a JEOL GC mate 
Mass Spectrometer. Microwave irradiation was carried out in cata 
scientific microwave synthesis system 2400 MHZ, catalyst systems, 
India.

Synthesis and characterisation of the compounds
The compounds were synthesized by microwave irradiation 

(MW) methods and schematized in scheme 1. The yield and reaction 
time were summarized (Table 1). 

Introduction
The design of noble chemical entities like Acridine, chalcone 

and isoxazole derivatives could lead to availability of better drugs 
for the treatment of various diseases. In the same context, acridines 
have gained strong ground for various biological activities like 
antimicrobial [1], antioxidant [2], anticancer [3-7], antimalarial 
[8,9], anti-inflammatory [10], analgesic [11], antileishmanial [12], 
antinociceptive [13], acetyl cholinesterase inhibitors [14] and 
antiherpes [15] etc. Acriflavine and Ethacridine are the known 
antibacterial agents with acridine moiety. Amsacrine is the best 
known compound of 9-anilinoacridines series. It was one of the 
first DNA-intercalating agents to be considered as a Topoisomerase 
II inhibitor. Several detailed SAR studies of acridine-based DNA-
intercalating agents suggest that the mode of binding is important 
and the chromophore intercalate with the DNA base pairs. The 
chemical modification of acridines such as the introduction of 
different substitutions were allowed expansion of research on the 
structure activity relationship to afford new insight into molecular 
interactions at the receptor level [16]. In fact, it is well established 
that slight structural modification on 9-anilinoacridines may bring 
various pharmacological effects. Similarly isoxazoles are well known 
to be an important class of compounds with a wide range of biological 
activities [17-19] like antimicrobial, anticancer etc. Antibacterial 
activity against various Gram +ve and Gram –ve bacteria and larvicidal 
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Synthesis of 1-[4-(Acridin-9-ylamino) phenyl]ethanone (2) by MW 
method 

In a 250mL flask, a mixture of 4.06 g (0.03 Mole) of 
4-aminoacetophenone, 5.4528 g (0.0256 Mole) of 9-chloroacridine 
and 20 mL of 2-butanol were taken and subjected to microwave 
irradiation for 3 min at 65% intensity (455 W) under reflex condenser. 
After completion of reaction, the reaction mixture was allowed to 
cool to room temperature and it was poured into 150 ml of ice water. 
A precipitate formed was filtered by suction, washed with water and 
dried crystallized from ethanol. The yield was 71%.

General procedure for synthesis of Chalcones (3a-h) by MW 
method [20]

In a 25 ml flask 0.0032 mole of corresponding aldehyde, 5 ml of 
ethylene glycol, 0.5 ml of piperidine and 0.9984 g (0.0032 Mole) of 
9-anilinoacridine were taken and subjected to microwave irradiation 
for 5 min at 100% intensity (700W). Irradiation was carried out in 
successive 30 sec periods to avoid over heating of the solvent and 
the reaction mixture. After completion of the reaction, the reaction 

mixture was cooled and poured into 100 ml of water. The precipitated 
solid was filtered, washed with water, dried and rcrystallizede from 
ethanol.

E)-1-(4-(acridin-9-ylamino) phenyl)-3-(3-chlorophenyl)prop-2-
en-1-one (3a)

This compound was obtained as a yellow powder; m.p.: 196-198 
ºC; Anal. Calc. for C28H19ClN2O: C, 77.32; H, 4.42; N, 6.45; Found: C, 
77.25; H, 4.29; N, 6.62; IR (υ, cm-1): 3302 (N-H), 3100-3000 (Ar C-H), 
1624 (α,β-unsat. C=O), 1606 & 1518 (Ar C=C), 1267 (C-N), 748 (Ar 
C-H); ms: m/z 434.52 (M+); 1HNMR (in ppm): 6.65- 8.02 (m, ArH), 
7.90 and 7.56(s, α,β-unsaturated carbonyl ), 11.21(s, NH); 13CNMR 
(in ppm) :189 (C=O), 153.5,150.8, 143.2, 141.2, 136.3, 136.1, 132.4, 
131.7, 130.8, 129.6, 130.5, 128.6, 127.2, 127.1, 127.2, 121.6, 119.5, 
116.3.

(E)-1-(4-(acridin-9-ylamino) phenyl)-3-(2,4-dichlorophenyl)prop-
2-en-1-one (3b)

This compound was obtained as a yellow powder; m.p.: 195-197 
ºC; Anal. Calc. for C28H18Cl2N2O: C, 71.68; H, 3.73; N, 5.90; Found: 
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Table 1: Reaction conditions and yield of compounds by Micro wave irradiation method.

Compound
Microwave irradiation method

% Intensity Power in watts Reaction time in min Yield in %
3a 100 700 4 67.83
3b 100 700 4 69.48
3c 100 700 4 60.52
3d 100 700 4 62.47
3e 100 700 4 62.36
3f 100 700 4 63.20
3g 100 700 4 55.49
3h 100 700 4 53.73
4a 30 210 15 72.61
4b 50 350 10 71.28
4c 20 210 15 68.19
4d 20 350 20 63.69
4e 50 350 15 62.76
4f 50 350 20 67.50
4g 50 350 15 65.43
4h 50 350 15 68.35

C, C, 71.73; H, 3.77; N, 5.92; IR (υ, cm-1): 3269 (N-H), 3063-3000 (Ar 
C-H), 1649 (α,β-unsat. C=O), 1607 & 1512 (Ar C=C), 1231 (C-N), 
761 (Ar C-H); ms: m/z 468.16 (M+); 1HNMR (in ppm): 6.65- 8.02 (m, 
ArH), 7.90 and 7.56(s, α,β-unsaturated CH), 10.28(s, NH); 13CNMR 
(in ppm) :184.4(C=O), 157.3, 151.3, 142.1, 141.5, 136.7, 136.4, 132.1, 
131.4, 130.3, 130.5, 129.2, 128.2, 127.6, 127.4, 127.2, 122.3, 118.3, 
176.3, 114.8 (aromatic carbons).

(E)-1-(4-(acridin-9-ylamino) phenyl)-3-(3-nitro phenyl)prop-2-
en-1-one (3c)

This compound was obtained as a yellow powder; m.p.: 188-190 
ºC; Anal. Calc. for C28H19N3O3: C, 75.47; H, 4.30; N, 9.45; Found: C, 
75.26; H, 4.52; N, 9.51; IR (υ, cm-1): 3034 (N-H), 3100-3000 (Ar C-H), 
1626 (α,β-unsat. C=O), 1577 & 1498 (Ar C=C), 1529 & 1348 (NO2), 
1280 (C-N), 748 (Ar C-H); ms: m/z 445.37 (M+); 1HNMR (in ppm): 
6.65- 8.02 (m, ArH), 7.90 and 7.56(s, α,β-unsaturated CH), 10.34( 
1H, s, NH); 13CNMR (in ppm) :189 (C=O), 149.7,149.3, 142.6, 140.5, 
136.7, 136.12, 132.8, 131.5, 130.5, 130.1, 129.4, 128.5, 127.3, 127.2, 
127.1, 122.6, 120.5, 114.8 (aromatic carbons).

(E)-1-(4-(acridin-9-ylamino) phenyl)-3-(2,4-dimethoxy phenyl)
prop-2-en-1-one (3d)

This compound was obtained as a yellow powder; m.p.: 228-230 
ºC; Anal. Calc. for C30H24N2O3: C, 78.29; H, 5.33; N, 6.13; Found: C, 
78.25; H, 5.36; N, 6.12; IR (υ, cm-1): 3044 (N-H), 3100-3000 (Ar st 
C-H), 1626 (α,β-unsaturated C=O), 1577 & 1498 (Ar C=C), 748 (Ar 
C-H); ms: m/z 460.58 (M+); 1HNMR (in ppm): 6.65- 8.02 (m, ArH), 
7.90 and 7.56(s, α,β-unsaturated CH), 11.21(s, NH), 3.23 (s, OCH3). 
13CNMR (in ppm):181 (C=O), 158.6, 151.7, 143.9, 142.1, 137.1, 136.7, 
132.1, 131.3, 130.6, 129.3, 129.1, 128.7, 127.6, 127.5, 127.2, 121.4, 
119.1, 117.1 (aromatic carbons), 53.49 (OCH3), 54.31 (OCH3).

(E)-1-(4-(acridin-9-ylamino)phenyl)-3-(4-(dimethylamino)
phenyl)prop-2-en-1-one(3e)

This compound was obtained as Orange crystals; m.p.:165-167ºC. 

Anal. Calcd. for C30H25N3O: C, 81.26; H, 5.65; N, 9.43; Found: C, 81.09; 
H, 5.75; N, 9.30; IR (υ, cm-): 3313 (N-H), 3099-2999 (Ar C-H), 1654 
(α,β-unsaturated C=O), 1604 & 1500 (Ar- C=C), 1261 (C-N), 750 (Ar 
C-H); MS (m/z):444.20 (m++1); 1H NMR (ppm): 2.83 (s, CH3), 7.54 
(s, CH=CH), 8.02 to 6.62 (m, Ar-H), 11.03 (s, NH), 2.83 (s, CH3). 
13CNMR (in ppm):183.2(C=O), 158.6, 151.8, 144.5, 142.1, 137.4, 
136.5, 132.7, 131.1, 130.3, 129.3, 129.5, 128.6, 127.1, 127.0, 127.2, 
121.4, 119.1, 104.8, (aromatic carbons) 56.49 (CH3), 55.37 (CH3).

(E)-1-(4-(acridin-9-ylamino) phenyl)-3-(4-hydroxy-3-methoxy 
phenyl)prop-2-en-1-one (3f)

This compound was obtained as a yellow powder; m.p.: 210-
212ºC; Anal. Calc. for C29H26N2O3: C, 77.42; H, 5.85; N, 6.33; Found: 
C, 77.46; H, 5.92; N, 6.37; IR (υ, cm-1): 3304 (N-H), 3100-3000 (Ar 
st C-H), 1626 (α,β-unsat. C=O), 1587 & 1568 (Ar C=C), 3327 (Ar-
OH), 748 (Ar C-H); ms: m/z 450.34 (M+); 1HNMR (in ppm): 6.65- 
8.02 (m, ArH), 5.02(s, OH), 7.90 and 7.56(s, α,β-unsaturated CH), 
3.45(s, OCH3) 11.21(s, NH); 13CNMR (in ppm) :176 (C=O), 169.3, 
152.8, 144.7, 142.7, 137.5, 136.8, 132.1, 131.2, 130.4, 129.2, 128.1, 
128.0, 127.4, 127.3, 127.1, 121.5, 119.5, 110.2, (aromatic carbons), 
42.03(OCH3).

(2E,4E)-1-(4-(acridin-9-ylamino)phenyl)-5-phenylpenta-2,4-
dien-1-one (3g)

This compound was obtained as a yellow powder; m.p.:218-220 
ºC; Anal. Calcd. for C30H22N2O: C, 84.50; H, 5.18; N, 6.58; Found: C, 
84.72; H, 5.03; N, 6.42; IR (υ, cm-1): 3234 (N-H), 3100-3000 (Ar C-H), 
1633 (α,β-unsaturated C=O), 1600 & 1514 (Ar C=C), 1254 (C-N), 761 
(Ar C-H); MS (m/z):427.1 (m++1), 1H NMR (ppm): 8.05 to 6.66 (m, 
16H, Ar-H), 11.10 (s, NH), 7.23 and 7.77 (s, α,β-unsaturated CH); 
13CNMR (in ppm) :184.12 (C=O), 176.3,155.2, 145.6, 142.5, 137.4, 
136.7, 132.3, 131.3, 130.9, 129.8, 128.9, 128.6, 127.5, 127.3, 127.2, 
122.4, 119.5, 112.2 (aromatic carbons).

(E)-1-(4-(acridin-9-ylamino)phenyl)-3-(furan-2-yl)prop-2-en-1-
one (3h)
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This compound was obtained as a yellow powder; m.p.:179-
181ºC; Anal. Calcd. for C26H18N2O2: C, 79.97; H, 4.64; N, 7.17; Found: 
C, 79.88; H, 4.53; N, 7.25; IR (υ, cm-1): 3300 (N-H), 3057-3034 (Ar 
C-H), 1651 (α,β-unsaturated C=O), 1606 & 1512 (Ar C=C), 1230 (C-
N), 1176 (C-O), 759 (Ar C-H); MS (m/z): 391.14 (M++1); 1H NMR 
(ppm): 8.04 to 6.64 (m, Ar-H), 10.74 (s, NH), 7.58 and 7.91(s, α,β-
unsaturated CH); 13CNMR (in ppm) :182.46 (C=O), 162.3, 152.5, 
143.7, 142.7, 138.3, 137.2, 133.6, 132.5, 131.8, 130.6, 130.5, 129.2, 
128.2, 127.8, 127.5, 122.5, 119.5, 112.2 (aromatic carbons).

General procedure for Synthesis of isoxazole substituted 
9-anilinoacridines (4a-h) by MW method [20]

In a 25ml beaker, 2.5g (0.02mol) anhydrous sodium acetate was 
dissolved in hot glacial acetic acid (10ml) and it was added to a solution 
of 0.81g (0.01mol) hydroxyl amine hydrochloride in absolute ethanol 
(10ml). A solution of 0.01mol of the corresponding chalcones 3a-h in 
10ml of absolute ethanol was added and the above solution was taken 
in microwave oven flask and subjected to microwave irradiation at 
350 Watt (50% intensity) for 5-10 mins. The reaction was monitored 
by TLC (Pet ether: Ethyl acetate 3:2). After completion of the reaction 
excess solvent was concentrated in vacuo at reduced pressure, 
residual solution obtained was cooled to room temperature, poured 
into ice cold water, neutralized with sodium hydroxide and washed 
well with water to remove unreacted hydroxyl amine hydrochloride 
and excess of sodium hydroxide. Dried crude product yield was noted 
and recrystallized from ethanol.

N-(4-(5-(3-chlorophenyl) isoxazol-3-yl)phenyl)acridin-9-amine 
(4a)

This compound is obtained as a Yellowish green powder; m.p.: 
185-186ºC; Anal. calcd. for C28H18ClN3O: C, 75.08; H, 4.05; Cl, 7.92; 
N, 9.38; Found: C, 75.18; H, 4.05; N, 9.28; IR (υ, cm-1): 3338 (N-H), 
3048 (Ar st C-H), 1606 & 1473 (Ar C=C), 1157 (Ar C=N), 1230 (C-
O), 744 (Ar C-H), 711 (C-Cl); MS: m/z 447.92 (M+); H1NMR(in 
ppm): 6.45-8.74 (m, ArH), 9.35(s, CH of isoxazole), 11.30(s, 9-NH); 
C13NMR (in ppm) : 98.4 (C of isoxazole), 169.6, 163.5, 150.8, 148.4, 
148.5, 145.3, 120.4, 143.2, 141.2, 136.3, 136.1, 132.4, 131.7, 130.8, 
129.6, 130.5, 128.6, 127.2, 127.1, 127.2, 121.6, 119.5, 116.3,116.2 (Ar-
Carbons).

N-(4-(5-(2,4-dichlorophenyl) isoxazol-3-yl)phenyl)acridin-9-
amine (4b)

This compound is obtained as a Yellowish green powder; m.p.: 
228-230ºC; Anal. calcd. for C28H18 Cl2N3O: C, 69.68; H, 3.65; Cl, 14.92; 
N, 8.38; Found: C, 69.75; H, 14.82; N, 8.43; IR (υ, cm-1): 3343 (N-
H), 3042 (Ar st C-H), 1608 & 1468 (Ar C=C), 1161 (Ar C=N), 1242 
(C-O), 741 (Ar C-H), 715 (C-Cl); MS: m/z 482.52 (M+); H1NMR(in 
ppm): 6.38-8.65 (m, ArH), 9.32(s, CH of isoxazole), 10.38(s, NH); 
C13NMR (in ppm) :97.8 (C of isoxazole), 169.2, 164.2, 150.8, 149.7, 
148.3, 145.7, 143.2, 141.2, 136.3, 136.1, 132.4, 131.7, 130.3, 129.2, 
130.2, 128.3, 127.4, 127.3, 127.2, 121.1, 120.8, 119.6, 116.1,116.4 (Ar-
Carbons).

N-(4-(5-(3-nitrophenyl) isoxazol-3-yl) phenyl) acridin-9-amine 
(4c)

This compound is obtained as a yellow powder; m.p.: 175-177 

ºC; Anal. calcd. for C28H18N4O3: C, 73.35; H, 3.96; N, 12.22; O, 10.47. 
Found: C, 73.15; H, 3.56; N, 12.12; IR (υ, cm-1): 3340 (N-H), 3057 (Ar 
st C-H), 1608 & 1473 (Ar C=C), 1519 (Ar-NO2), 1159 (Ar C=N), 1228 
(C-O), 742 (Ar C-H); MS: m/z 458.47 (M+); H1NMR ( in ppm): 6.85-
8.91 (m, ArH), 9.97(s, CH of isoxazole), 11.11(s, 9-NH); C13NMR (in 
ppm):98.4 (C of isoxazole), 169.6, 164.3, 150.4, 149.5, 148.2, 145.5, 
143.7, 141.6, 136.7, 136.9, 132.7, 131.3, 130.5, 129.7, 130.3, 128.9, 
127.5, 127.7, 127.1, 121.6, 120.3, 119.5, 116.3,116.7 (Ar-Carbons).

N-(4-(5-(2,4-dimethoxyphenyl)isoxazol-3-yl)phenyl)acridin-9-
amine (4d)

This compound is obtained as a green powder; m.p.: 155-157ºC; 
Anal. calcd. for C30H23N2O3: C, 76.15; H, 4.92; N, 8.82; Found: C, 
76.22; H, 4.83; N, 8.75; IR (υ, cm-1): 3340 (N-H), 3030 (Ar st C-H), 
1604 & 1473 (Ar C=C), 1157 (Ar C=N), 1219 (C-O), 746 (Ar C-H); 
MS: m/z 474.32 (M++1); H1NMR ( in ppm): 6.72-8.64 (m, ArH), 
9.83(s, CH of isoxazole), 10.45(s, 9-NH), 3.23 (s, OCH3); C13NMR 
(in ppm):98.4 (C of isoxazole), 57.34 & 56.87 (2 OCH3), 169.1, 163.8, 
150.5, 149.2, 148.7, 145.6, 143.1, 141.5, 136.4, 136.6, 132.3, 131.5, 
130.7, 129.8, 130.7, 128.3, 127.4, 127.2, 127.5, 121.5, 120.4, 119.3, 
116.4,116.2(aromatic carbons).

N-(4-(5-(4-(dimethylamino) phenyl) isoxazol-3-yl)phenyl)acridin-
9-amine (4e)

This compound is obtained as a red powder; m.p.: 256-258ºC; 
Anal. calcd. for C30H24N4O: C, 78.71; H, 5.32; N, 12.25; Found: C, 
78.63; H, 5.28; N, 12.31; IR (υ, cm-1): 3340 (N-H), 3026 (Ar st C-H), 
1600 & 1473 (Ar C=C), 1159 (Ar C=N), 1253 (C-O), 744 (Ar C-H); 
MS: m/z 457.52 (M++1); H1NMR ( in ppm): 6.34-8.34 (m, ArH), 
9.75(s, CH of isoxazole), 10.72(s, NH), 3.27 (s, OCH3); C13NMR (in 
ppm):98.4 (C of isoxazole), 56.34 & 56.87 (2 CH3), 169.5, 164.3, 151.2, 
149.7, 148.9, 145.8, 143.5, 141.2, 136.5, 136.4, 132.5, 131.7, 130.4, 
129.5, 130.4, 128.5, 127.7, 127.4, 127.5, 121.7, 120.4, 119.3, 116.7,116.6 
( aromatic carbons).

5-(3-(4-(acridin-9-ylamino) phenyl) isoxazol-5-yl)-2-methoxyphe-
nol (4f)

This compound is obtained as a yellow powder; m.p.: 203-205ºC; 
Anal. calcd. for C29H21N3O3: C, 75.75; H, 4.62; N, 9.22; Found: C, 
75.68; H, 4.57; N, 9.24; IR (υ, cm-1): 3342 (N-H), 2991 (Ar st C-H), 
1589 & 1473 (Ar C=C), 1157 (Ar C=N), 1253 (C-O), 744 (Ar C-H); 
MS: m/z 459.52 (M+); H1NMR ( in ppm): 6.23-8.12 (m, ArH), 9.68(s, 
CH of isoxazole), 10.86(s, NH), 5.02(s, OH), 3.14 (s, OCH3); C13NMR 
(in ppm):97.2 (C of isoxazole), 58.37 (OCH3), 168.4, 164.5, 150.9, 
149.8, 148.7, 145.5, 144.1, 141.5, 136.3, 136.4, 132.6, 131.3, 130.7, 
129.9, 130.3, 128.6, 127.3, 127.4, 127.6, 121.3, 120.4, 119.5, 116.4,116.5 
(aromatic carbons).

N-(4-(5-styrylisoxazol-3-yl) phenyl) acridin-9-amine (4g)

This compound is obtained as a red powder; m.p.: 162-164ºC; 
Anal. calcd. for C30H21N3O3: C, 81.76; H, 4.82; N, 9.52; Found: C, 81.78; 
H, 4.73; N, 9.54; IR (υ, cm-1): 3340 (N-H), 3024 (Ar st C-H), 1600 
& 1473 (Ar C=C), 1157 (Ar C=N), 1257 (C-O), 746 (Ar C-H); MS: 
m/z 439.52 (M+); H1NMR ( in ppm): 6.42-8.18 (m, ArH), 9.73(s, CH 
of isoxazole), 10.86(s, NH); C13NMR (in ppm):98.2 (C of isoxazole), 
68.3, 65.8(CH=CH), 68.3, 65.8(CH=CH), 164.6, 155.1, 151.1, 150.8, 
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148.4, 145.6, 144.1, 142.1, 136.3, 136.5, 132.4, 132.6, 130.5, 129.7, 
130.3, 128.2, 126.7, 127.5, 127.7, 121.4, 120.5, 120.4, 116.6,116.3 ( 
aromatic carbons).

N-(4-(5-(furan-2-yl) isoxazol-3-yl) phenyl) acridin-9-amine (4h)

This compound is obtained as a yellow powder; m.p.: 198-200ºC; 
Anal. calcd. for C26H17N3O2: C, 77.43; H, 4.24; N, 10.45; Found: 
C, 77.45; H, 4.27; N, 10.47; IR (υ, cm-1): 3340 (N-H), 3030 (Ar st 
C-H), 1600 & 1473 (Ar C=C), 1157 (Ar C=N), 1232 (C-O), 746 (Ar 
C-H); MS: m/z 403.43 (M+); H1NMR (in ppm): 6.23-7.87 (m, ArH), 
9.63(s, CH of isoxazole), 10.78(s, NH); C13NMR (in ppm):98.2 (C 
of isoxazole), 68.3, 65.8(CH=CH), 159.3, 162.4, 151.4, 149.8, 148.9, 
145.8, 144.6, 141.5, 136.7, 136.6, 134.6, 131.5, 130.7, 129.8, 130.3, 
128.2, 127.6, 127.7, 127.5, 121.7, 120.5, 119.7, 116.5, 116.7 ( aromatic 
carbons).

Pharmacology
Acridine derivatives possess a diverse range of pharmacological 

activities. Hence all the acridinyl chalcone derivatives, 3a-h and 
isoxazole substituted acridines 4a-h were screened for antibacterial 
and larvicidal activities. Many of the synthesized final compounds 3a-
h, 4a-h have significant biological activities.

Anti bacterial activity
All the chalcone and isoxazole substituted 9-anilino acridine 

derivatives (3a-h, 4a-h), were screened for their in-vitro antibacterial 
activity against various bacteria like Staphylococcus aureus, Bacillus 
megaterium, Escherichia coli, Klebsiella pneumoniae, by cup-plate 
method. Many of the synthesized compounds have significant 
antibacterial activity.

In-vitro antibacterial assay by Cup Plate Method [21] 

Sterile nutrient agar plates were prepared, by pouring into 
Petri dishes in aseptic conditions. 0.1 ml of each standardized test 
organism culture was spread on the plates. The test compounds as 
well as the standard drug solutions and DMSO solvent control were 
placed in the cavity separately. The compounds were tested at the 
concentrations of 25, 50 and 100µg/ml against two Gram-positive 
and two Gram-negative bacteria. Then the plates were kept for 1h 
to allow the diffusion of solution into the medium. All the bacterial 
plates were incubated at 37 °C for 24 hrs. The zone of inhibition was 
measured in mm.

Larvicidal activity by Larval Bioassay Experiment [22]

The synthesized compounds 3a-h and 4a-h were also screened for 
their larvicidal activity by larval bioassay method as per the standard 
procedure recommended by WHO. The final 3rd instar or early 4th 
instar larva were collected according to larval size and degree of 
chitinization of respiratory siphon in 25 ml of water in 50 ml beakers. 
They were left for 15-20 min in these beakers for acclimatizing to 
experimental condition; at this stage unhealthy/ parasitized/damaged 
larvae were rejected. 25 larvas were collected with pasture pipette, 
placed on a filter paper for removal of excess water and they were 
placed in to 250 ml test solutions two replicates and control also 
kept. The beakers were covered with muslin cloth to avoid the entry 
of any other foreign material or organisms. The larval mortality 

was recorded in the test concentrations of each beaker after 24 h 
by counting the dead, moribund and alive larva. When the control 
mortality lies between 0- 10% then only the corrected mortality was 
calculated by using Abbot’s formula.

Results and Discussion
Our synthetic pathway (Scheme 1), the 9-chloro acridine 1, 

was refluxed with p-amino acetophenone to yield 1-(4-(acridine-
9-ylamino) phenyl ethanone 2. The various chalcone substituted 
9-anilino acridines 3a-h were prepared by the reaction of 2 with 
various aldehydes and these chalcone derivatives was allowed to 
cyclized with hydroxylamine hydro chloride afford the corresponding 
isoxazole substituted 9-anilino acridines 4a-h [20]. Synthesis, 
characterization and evaluation of biological activities of novel 
chalcone and isoxazole substituted 9-anilino acridines are described 
in this paper. The synthesized compounds were purified by column 
chromatography. The final yield of the derivatives was in the range 
of 57–78%. The new compounds were completely characterized by 
IR, 1HNMR, 13CNMR, Mass spectral data and elemental analysis. 
The IR spectra of compounds 4a-h showed intense bands in the 
region 1200– 1300 cm-1 due to carbonyl stretching and broad bands 
in the region 3300–3400 cm-1 due to NH stretching. The 1H NMR 
spectra also support the structure of the compounds 4a-h. The NH 
proton appeared at 10 - 11 and CH proton of isoxazole at 9-9.5. The 
mass spectra of all compounds 4a-h showed molecular ion peaks 
confirming their molecular weight. Results are summarized in 
Tables 1-3 and schematized in scheme 1. The chalcone and isoxazole 
substituted 9-anilino acridines have pharmacological properties of 
the compounds greatly depended on the number and the chemical 
nature of the substituents.

From Table 1, the reaction time was reduced from hours in 
conventional methods to minutes and the yield was increased in the 
microwave irradiation method. The synthesized compounds were 
characterized and confirmed by physical characters and spectral value 
etc. 

For in-vitro antibacterial assay, all the synthesized compounds 
3a-h and 4a-h have significant activity against Gram positive bacteria 
like Staphylococcus aureus and Bacillus megaterium and Gram 
negative bacteria like Klebsiella pneumoniae and Escherichia coli at 
concentration about 100 and 50µg/ml. But among those compounds 
3e, 3f, 3h, 4d and 4f were showed significant activity even at the 
concentration of 25µg/ml against Staphylococcus aureus and the 
compounds 3g, 3f, 3h and 4f were showed significant activity even 
at the concentration of 25µg/ml against Bacillus megaterium. The 
compounds 3b, 3e and 4b were showed significant activity even at the 
concentration of 25µg/ml against Escherichia coli. The results were 
summarized (Table 2).

For larval bio assay, the test concentration of the synthesized 
compounds 3a-h and 4a-h have significant larvicidal activity against 
Culex quinquefasciatus and Anopheles stephensi. Among compounds 
3a-c, 3f, 3g, 4a-d and 4f showed good larvicidal activity with LC50 value 
of 22.91- 64.8 ppm on filarial vector Culex quinquefasciatus larvas. 
The compounds 3a-h, 4a-c, 4f and 4h have good larvicidal activity 
with LC50 value of 22.42- 64.81 ppm on the malarial vector Anopheles 
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Table 2: Antibacterial activity of synthesized compounds 3a-h and 4a-h by cup and plate method.

Compound

Zone of inhibition in mm
Concentration (µg/ml)

S.aureus (G+ve) B.megaterium (G+ve) K. pneumonia (G-ve) E. coli (G-ve)
Ct 25 50 100 25 50 100 25 50 100 25 50 100

3a - - 10 15 - 13 16 - 10 17 - 10 16
3b - - 12 18 - 12 17 - 16 19 10 15 20
3c - 7 16 19 - 11 16 - 13 16 - 11 16
3d - 7 16 20 - 10 15 - 10 13 - 10 14
3e - 12 19 21 - 12 17 - 15 18 9 12 19
3f - 11 16 20 10 14 19 - 10 15 - 11 16
3g - 7 12 16 10 19 22 - 11 16 - 11 17
3h - 11 19 22 10 14 20 8 14 19 - 16 19
4a - - 13 15 - 12 16 - 10 14 - 10 14
4b - - 12 16 - 13 17 - 14 19 10 15 20
4c - 8 14 18 - 10 14 - 13 16 - 10 13
4d - 11 18 20 - 9 15 - 10 14 - 10 14
4e - - 9 15 - 12 16 - 11 15 - 11 15
4f - 9 17 21 8 11 16 - 9 12 - 10 13
4g - - 10 16 - 10 18 - 9 15 - 12 17
4h - - 12 16 - 14 16 - 12 16 - 13 18

Standard
Gentamycin
( 25 µg/ml)

14 16 21 20

Table 3: Larvicidal activity by Larval Bioassay Method.

S.No Compound
Culex species (ppm) Anopheles species (ppm)

LC50 LC95 LC50 LC95

1 3a 43.39 96.51 57.49 >100
2 3b 53.32 >100 63.42 >100
3 3c 36.85 96.68 30.47 74.81
4 3d 81.42 >100 22.45 75.29
5 3e 74.20 >100 31.15 83.55
6 3f 17.11 50.43 23.87 70.67
7 3g 52.87 >100 24.69 85.84
8 3h 92.23 >100 55.59 95.58
9 4a 28.19 >100 57.01 >100

10 4b 48.43 >100 63.51 >100
11 4c 62.37 >100 51.71 83.09
12 4d 64.81 >100 >100 >100
13 4e >100 >100 >100 >100
14 4f 22.91 72.02 22.42 72.58
15 4g >100 >100 86.55 >100
16 4h 71.42 >100 64.81 >100

LC50, concentration which killed 50% of the larvas. LC95, concentration which killed 95% of the larvas.

stephensi larvas. Among these compounds, the more polar OH group 
containing compound 3f showed more potent activity against both 
larvas. The results were summarized (Table 3).

Conclusion
A series of novel chalcones and isoxazole bearing acridine 

moiety have been synthesized for various biological activities. On 
this basis, authors recently demonstrated that diverse compounds 
of the chalcone and isoxazole substituted 9-anilino acridine series 
exerted potent antibacterial and larvicidal activities. Results obtained 

in the present study clearly demonstrated that some derivatives of 
the chalcone and isoxazole substituted 9- anilino acridine family 
could exert interesting antibacterial and larvicidal activities and are 
likely to be useful as drugs after further refinement. These derivatives 
will encourage helping to design future antimicrobial and larvicidal 
agents with therapeutic potentials.

Acknowledgement
We thank All India Council for Technical Education, New Delhi 

for the financial support under Research Promotion Scheme. We 



Citation: Kalirajan R, Jubie S, Gowramma B (2015) Microwave Irradated Synthesis, Characterization and Evaluation for their Antibacterial and Larvicidal 
Activities of some Novel Chalcone and Isoxazole Substituted 9-Anilino Acridines. Open J Chem 1(1): 001-007. 
DOI: https://dx.doi.org/10.17352/ojc.000001

Kalirajan et al. (2015)

007

thank our Vice Chancellor Dr. B. Suresh, JSS University, Mysore, 
our principal Dr. S.P. Dhanabal, Department of Pharmaceutical 
analysis, Department of Pharmaceutical Biotechnology, JSS College 
of pharmacy, Ooty for the technical support. We also thank Director 
of National Institute of communicable Diseases (NICD), Tamilnadu, 
for helping in the evaluation of larvicidal activity.

References
1. Nadaraj V, Selvi ST, Mohan S (2009) Microwave-induced synthesis and 

anti-microbial activities of 7,10,11,12-tetrahydrobenzo[c]acridin-8(9H)-one 
derivatives. Eur J Med Chem 44: 976-980.

2. Dickens BF, Weglicki WB, Boehme PA, Mak IT (2002) Antioxidant and 
lysosomotropic properties of acridine-propranolol: protection against 
oxidative endothelial cell injury. J Mol Cell Cardiol 34: 129-137. 

3. Rouvier CS, Barret JM, Farrell CM, Sharples D, Hill BT, et al. (2004) Synthesis 
of 9-acridinyl sulfur derivatives: sulfides, sulfoxides and sulfones.Comparison 
of their activity on tumour cells. Eur J Med Chem 39: 1029-1038.

4. Denny WA, Atwell GJ, Baguley BC (1983) Potential antitumor agents. part 
38. 3-substituted 5-carboxamido derivatives of amsacrine. J Med Chem 26: 
1619-1625.

5. Kalirajan R, Vivek kulshrestha, Sankar S, Jubie S (2012) Docking studies, 
synthesis, characterization of some novel oxazine substituted 9-anilinoacridine 
derivatives and evaluation for their antioxidant and anticancer activities as 
topo isomerase II inhibitors. Eur J Med Chem 5: 6217-6224. 

6. Bacherikov VA, Chou TC, Dong HJ, Chen CH, Lin YW, et al. (2004) Potent 
antitumor N-mustard derivatives of 9-anilinoacridine, synthesis and antitumor 
evaluation. Bioorg Med Chem Lett 14: 4719-4722.

7. Kalirajan R, Muralidharan V, Jubie S, Gowramma B, Gomathy, et al. (2012) 
Synthesis of some novel pyrazole substituted 9-anilino acridine derivatives 
and evaluation for their antioxidant and cytotoxic activities. J Heterocycl 
Chem 49: 748-754. 

8. Gamage SA, Tepsiri N, Wilairat P, Wojcik SJ, Figgitt DP, et al. (1994) 
Synthesis and in vitro evaluation of 9-anilino-3,6-diaminoacridines active 
against a multidrug-resistant strain of the malaria parasite plasmodium 
falciparum. J Med Chem 37: 1486-1494.

9. Anderson MO, Sherrill J, Madrid PB, Liou AP, Weisman JL et al. (2006) 
Parallel synthesis of 9-aminoacridines and their evaluation against 
chloroquine-resistant Plasmodium falciparum. Bioorg Med Chem 14: 334-
343. 

10. Chen YL, Chen IL, Lu CM, Tzeng CC, Tsao LI, et al. (2003) Synthesis and 

anti-inflammatory evaluation of 9-phenoxyacridine and 4-phenoxyfuro[2,3-b]
quinoline derivatives. part 2. Bioorg Med Chem 11: 3921-3927.

11. Sondhi SM, Johar M, Nirupama S, Sukla R, Raghubir R, et al. (2002) 
Synthesis of sulpha drug acridine derivatives and their evaluation for anti-
anflammatory, analgesic and anticancer acvity. Ind J Chem 41B: 2659-2666.

12. Giorgio CD, Shimi K, Boyer G, Delmas F, Galy JP (2007) Synthesis and 
antileishmanial activity of 6-mono-substituted and 3,6-di-substituted acridines 
obtained by acylation of proflavine. Eur J Med Chem 42: 1277-1284.

13. Llama EF, Campo CD, Capo M, Anadon M (1989) Synthesis and 
antinociceptive activity of 9-phenyl-oxy or 9-acyl-oxy derivatives of xanthene, 
thioxanthene and acridine. Eur J Med Chem 24: 391-396.

14. Recanatini M, Cavalli A, Belluti F, Piazzi L, Rampa A, et al. (2000) SAR of 
9-amino-1,2,3,4-tetrahydroacridine-based acetyl cholinesterase inhibitors: 
synthesis, enzyme inhibitory activity, QSAR, and structure-based CoMFA of 
tacrine analogues. J Med Chem 43: 2007-2018.

15. Goodell JR, Madhok AA, Hiasa H, Ferguson DM (2006) Synthesis and 
evaluation of acridine- and acridone-based anti-herpes agents with 
topoisomerase activity. Bioorg Med Chem 14: 5467-5480.

16. Rastogi K, Chang JY, Pan WY, Chen CH, Chou TC, Chen LT et al. (2002) 
Antitumor AHMA linked to DNA minor groove binding agents: synthesis and 
biological evaluation. J Med Chem 45: 4485-93.

17. Edwin W, Kamal, Michal Z, wanda S (2008) Synthesis and pharmacological 
screening of derivatives of isoxazole[4,5-d]pyrimidine. Eur J Med Chem 43: 
2498-2504.

18. Kalirajan R, Sivakumar SU, Jubie S, Gowramma B, Suresh B (2009) Synthesis 
and biological evaluation of some heterocyclic derivatives of chalcones. Int J 
Chem Sci 1: 27-34.

19. Brijesh Kumar NS (2003) Synthesis of substituted 1H-pyridazin-4-ones, 
2-H-pyrazolo[ 4,3-c]pyridazines, pyrazoles and isoxazole derivatives. Indian 
J Heterocycl Chem 13: 25-28.

20. Kalirajan R, Leela Rathore, Jubie S, Gowramma B, Gomathy S, et al. 
(2011) Microwave assisted synthesis of some novel pyrazole substituted 
benzimidazoles and evaluation of their biological activities. Indian J Chem 
50B: 1794-1799.

21. Kalirajan R, Mohammed rafick M H, Jubie S, Sankar S (2012) Docking 
studies, synthesis, characterization and evaluation of their antioxidant and 
cytotoxic activities of some novel isoxazole substituted 9-anilinoacridine 
derivatives. The Sci World J 165258.

22. Kalirajan R, Leela Rathore, Jubie S, Gowramma B, Gomathy S, et al. 
(2010) Microwave Assisted Synthesis and Biological Evaluation of Pyrazole 
Derivatives of Benzimidazoles. Indian J Pharm Edu Res 44: 358-362.

Copyright: © 2015 Kalirajan R, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

http://www.ncbi.nlm.nih.gov/pubmed/18718695
http://www.ncbi.nlm.nih.gov/pubmed/18718695
http://www.ncbi.nlm.nih.gov/pubmed/18718695
http://www.ncbi.nlm.nih.gov/pubmed/11851353
http://www.ncbi.nlm.nih.gov/pubmed/11851353
http://www.ncbi.nlm.nih.gov/pubmed/11851353
http://www.ncbi.nlm.nih.gov/pubmed/15571864
http://www.ncbi.nlm.nih.gov/pubmed/15571864
http://www.ncbi.nlm.nih.gov/pubmed/15571864
http://www.ncbi.nlm.nih.gov/pubmed/6688829
http://www.ncbi.nlm.nih.gov/pubmed/6688829
http://www.ncbi.nlm.nih.gov/pubmed/6688829
http://www.ncbi.nlm.nih.gov/pubmed/22982526
http://www.ncbi.nlm.nih.gov/pubmed/22982526
http://www.ncbi.nlm.nih.gov/pubmed/22982526
http://www.ncbi.nlm.nih.gov/pubmed/22982526
http://www.ncbi.nlm.nih.gov/pubmed/15324894
http://www.ncbi.nlm.nih.gov/pubmed/15324894
http://www.ncbi.nlm.nih.gov/pubmed/15324894
http://www.ncbi.nlm.nih.gov/pubmed/8182707/
http://www.ncbi.nlm.nih.gov/pubmed/8182707/
http://www.ncbi.nlm.nih.gov/pubmed/8182707/
http://www.ncbi.nlm.nih.gov/pubmed/8182707/
http://www.ncbi.nlm.nih.gov/pubmed/16216519
http://www.ncbi.nlm.nih.gov/pubmed/16216519
http://www.ncbi.nlm.nih.gov/pubmed/16216519
http://www.ncbi.nlm.nih.gov/pubmed/16216519
http://www.ncbi.nlm.nih.gov/pubmed/12927852
http://www.ncbi.nlm.nih.gov/pubmed/12927852
http://www.ncbi.nlm.nih.gov/pubmed/12927852
http://www.ncbi.nlm.nih.gov/pubmed/17418916
http://www.ncbi.nlm.nih.gov/pubmed/17418916
http://www.ncbi.nlm.nih.gov/pubmed/17418916
http://www.sciencedirect.com/science/article/pii/0223523489900834
http://www.sciencedirect.com/science/article/pii/0223523489900834
http://www.sciencedirect.com/science/article/pii/0223523489900834
http://www.ncbi.nlm.nih.gov/pubmed/10821713
http://www.ncbi.nlm.nih.gov/pubmed/10821713
http://www.ncbi.nlm.nih.gov/pubmed/10821713
http://www.ncbi.nlm.nih.gov/pubmed/10821713
http://www.ncbi.nlm.nih.gov/pubmed/16713270
http://www.ncbi.nlm.nih.gov/pubmed/16713270
http://www.ncbi.nlm.nih.gov/pubmed/16713270
http://www.ncbi.nlm.nih.gov/pubmed/12238927
http://www.ncbi.nlm.nih.gov/pubmed/12238927
http://www.ncbi.nlm.nih.gov/pubmed/12238927
http://www.ncbi.nlm.nih.gov/pubmed/18358570
http://www.ncbi.nlm.nih.gov/pubmed/18358570
http://www.ncbi.nlm.nih.gov/pubmed/18358570
http://www.sphinxsai.com/pdf/ct/CT-4.pdf
http://www.sphinxsai.com/pdf/ct/CT-4.pdf
http://www.sphinxsai.com/pdf/ct/CT-4.pdf
http://scholar.google.co.in/scholar?q=Synthesis+of+substituted+1H-pyridazin-4-ones,+2-H-pyrazolo%5B4,3-c%5Dpyridazines,+pyrazoles+and+isoxazole+derivatives&hl=en&as_sdt=0&as_vis=1&oi=scholart&sa=X&ved=0CBsQgQMwAGoVChMIisS_76TExwIVRZ6OCh2ZTwwO
http://scholar.google.co.in/scholar?q=Synthesis+of+substituted+1H-pyridazin-4-ones,+2-H-pyrazolo%5B4,3-c%5Dpyridazines,+pyrazoles+and+isoxazole+derivatives&hl=en&as_sdt=0&as_vis=1&oi=scholart&sa=X&ved=0CBsQgQMwAGoVChMIisS_76TExwIVRZ6OCh2ZTwwO
http://scholar.google.co.in/scholar?q=Synthesis+of+substituted+1H-pyridazin-4-ones,+2-H-pyrazolo%5B4,3-c%5Dpyridazines,+pyrazoles+and+isoxazole+derivatives&hl=en&as_sdt=0&as_vis=1&oi=scholart&sa=X&ved=0CBsQgQMwAGoVChMIisS_76TExwIVRZ6OCh2ZTwwO
http://www.researchgate.net/profile/Rajagopal_Kalirajan/publication/258220467_Microwave_assisted_synthesis_of_some_novel_pyrazole_substituted_benzimidazoles_and_evaluation_of_their_biological_activities/links/0deec527605095a9ea000000.pdf
http://www.researchgate.net/profile/Rajagopal_Kalirajan/publication/258220467_Microwave_assisted_synthesis_of_some_novel_pyrazole_substituted_benzimidazoles_and_evaluation_of_their_biological_activities/links/0deec527605095a9ea000000.pdf
http://www.researchgate.net/profile/Rajagopal_Kalirajan/publication/258220467_Microwave_assisted_synthesis_of_some_novel_pyrazole_substituted_benzimidazoles_and_evaluation_of_their_biological_activities/links/0deec527605095a9ea000000.pdf
http://www.researchgate.net/profile/Rajagopal_Kalirajan/publication/258220467_Microwave_assisted_synthesis_of_some_novel_pyrazole_substituted_benzimidazoles_and_evaluation_of_their_biological_activities/links/0deec527605095a9ea000000.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22593663
http://www.ncbi.nlm.nih.gov/pubmed/22593663
http://www.ncbi.nlm.nih.gov/pubmed/22593663
http://www.ncbi.nlm.nih.gov/pubmed/22593663

	Title
	Abstract
	Introduction
	Materials and Methods 
	Synthesis and characterisation of the compounds
	Pharmacology
	Anti bacterial activity

	Results and Discussion 
	Conclusion
	Acknowledgement
	References
	Scheme 1
	Table 1
	Table 2
	Table 3

