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The title compounds, 7-aryl-5,6-dihydro-14-aza[1]benzopyrano|[3,4-b]phenanthren-8H-ones 3a-1 have
been synthesized by reacting various 4-hydroxy coumarins la-c¢ with 2-arylidene-1-tetralones 2a-d in
the presence of ammonium acetate and acetic acid under Krohnke’s reaction condition. The structures
of all the synthesized compounds were supported by analytical, IR, 'H-NMR, and 3C-NMR data. All
the synthesized compounds 3a-l have been screened for their antibacterial activities against Escherichia
coli (Gram —ve bacteria), Bacillus subtilis (Gram +ve bacteria), and antifungal activity against Candida

albicans (Fungi).
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INTRODUCTION

Coumarins are a class of compounds having aromatic
d-lactones system, isolated from variety of plant sources
[1]. Coumarin derivatives are reported to have variety of
biological activities such as anti-inflammatory [2], anti-
viral [3], antioxidant [4], antibacterial [5], antifungal
[6], anti-HIV [7], and as anticarcinogenic material [8].

Coumarins fused with pyridine nucleus have been
reported to possess antiallergic [9], antidiabetic activities
[10] and even analgesic properties [11], being character-
ized by a phenanthrene-like structure as found in tetra-
hydrocannabinol. In view of such important bioactivity
of pyrido fused coumarins, earlier we had synthesized
some diarylpyrido[3,2-cJcoumarins by the reaction of 4-
hydroxy coumarins with o,B-unsaturated ketones using
Krohnke’s reaction [12].

Phenanthrene containing one nitrogen atom is known
as azaphenanthrene. During our literature search for aza-
phenanthrene, we came across some azaphenanthrene
derivatives having interesting biological activities. 4-
Azaphenanthrene derivatives have been reported to
possess wound healing, antibacterial and in vitro antiox-
idant activity [13]. The 1,3-diamino substituted 4-aza-
phenanthrene derivative possesses cytotoxic activity

[14], where as 1-chloro-2-azaphenanthrene is found to
be a novel activator of cystic fibrosis transmembrane
conductance regulator [15]. A 3-(4-methylsufonyl-
phenyl)-4-azaphenanthren-1-carboxylic acid acts as
cyclooxygenase-2 inhibitors [16]. These interesting bio-
logical properties of azaphenanthrene derivatives
prompted us to incorporate such type of nucleus in cou-
marin and therefore in this work we have synthesized
some 7-aryl-5,6-dihydro-14-aza[l]benzopyrano[3,4-b]
phenanthren-8H-ones.

The compounds 3a-1 have been synthesized by react-
ing various 4-hydroxy coumarins la-c with 2-arylidene-
1-tetralones 2a-d in the presence of ammonium acetate
and acetic acid under Krohnke’s reaction condition. The
synthetic methodology is outline in Scheme 1.

RESULT AND DISCUSSION

The condensation of 4-hydroxy coumarins la-c with
2-arylidene-1-tetralones 2a-d under Krohnke’s reaction
condition proceeded smoothly and gave the expected 7-
aryl-5,6-dihydro-14-aza[1]benzopyrano[3,4-b]phenanth-
ren-8H-ones 3a-1 in moderate yield (47-60%). A plau-
sible reaction mechanism for the formation of the com-
pounds 3a-l is depicted in Scheme 2.
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Scheme 1. The synthetic scheme for the preparation of compounds 3a-l.

la-c 2a-d

R=H,CH;, Cl R,

The structures of all the synthesized compounds 3a-1
were established on the basis of analytical and spectral data.

In IR spectra, compounds 3a-l showed a very strong
band between 1715-1740 cm ™' for the carbonyl (C=0)
stretching of &-lactone ring present in coumarin nucleus.
The strong bands for aromatic C=C and C=N stretch-
ing vibrations, were observed between 1595-1630 cm™!
and 1495-1520 cm ', respectively. The aliphatic and ar-
omatic C—H stretching vibrations were observed
between 2940-2980 cm™ ' and 3040-3065 cm ™', respec-
tively in the form of medium bands.

In the 'H-NMR spectra of compounds 3a-l, two trip-
lets were observed between 2.69-2.75 6 and 2.87-2.91
O each integrating for two protons. These signals are
due to protons attached at Cg and Cs, respectively. In all
the compounds the signal for C;—H appeared either as
doublet of doublet or poorly resolved doublet of doublet
between 8.63-8.69 6. The C3—H appeared as a doublet
of a doublet between 8.84-8.86 & in compounds 3a-d,
while it appeared as a doublet or a poorly resolved dou-
blet between 8.60-8.78 & in compounds 3e-l. In all the
compounds, the other aromatic protons appeared as mul-
tiplet between 7.02-7.59 §. The C;—H and C;5—H sig-
nals appear in the downfield region compared with other
aromatic protons due to peri effect of the nitrogen atom
present in the compound.

e >C-NMR spectra of compounds 3a-1 showed sig-
nals at around 25.0 and 28.0 8, which were due to Cg
and Cs, respectively. This was confirmed by DEPT-135
spectra in which these signals got inverted. The aro-
matic carbons including carbonyl carbon appeared
between 114.0-161.0 §.

For selected compound 3a, mass spectrum was
recorded. The mass spectrum of compound 3a showed
molecular ion peak at m/z 375 along with other fragments
peaks. This confirms the structure of compound 3a.

The results of the antimicrobial screening of the com-
pounds (Table 1) indicate that all the compounds 3a-1
show comparable activity against E coli and B subtilis.
Compared to compounds 3a-h, the compounds having
chlorine substitution in coumarin moiety 3i-1 show better
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activity towards E coli and B subtilis at all concentra-
tions. However though majority of the compounds
showed moderate activity against fungi C albicans, the
compound 3e showed poor activity and compound 3b
did not show activity at all. Here also the compounds
having chlorine substitution in coumarin moiety 3i-1
showed better activity compared with other compounds.
The comparison of the antimicrobial activity at different
concentrations indicates that the activity decreases with
decrease in concentration. All the synthesized com-
pounds show lower activity compared to standard drugs
at all the concentrations.

Scheme 2. The plausible mechanism for the formation of the com-
pounds 3a-l.

0.0 O 0 NH,0Ac 0.0
—_——

OH 0 0
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Table 1

Antimicrobial activity of compounds 3a-l.

Inhibition zone in mm (1000 ppm

Inhibition zone in mm (750 ppm

Inhibition zone in mm (500 ppm

concentration) concentration) concentration)
Bacteria Fungi Bacteria Fungi Bacteria Fungi
Compd. E coli B subtilis C albicans E coli B subtilis C albicans E coli B subtilis C albicans

3a 15 17 15 14 15 13 11 12 11

3b 16 19 - 14 17 - 10 13 -

3c 17 19 12 15 16 12 11 11 08

3d 15 20 16 15 19 15 13 17 12

3e 17 16 6 14 15 5 12 13 5

3f 15 18 13 11 16 11 10 11 10

3g 15 17 10 12 14 9 09 12 07

3h 14 20 12 12 19 11 11 17 07

3i 16 18 14 16 17 13 14 15 11

3j 16 18 17 15 16 15 15 14 12

3k 17 19 18 17 17 15 14 16 10

31 17 20 14 17 20 12 15 17 11
Ciprofloxacin 18 25 - 18 25 - 18 25 -
Ampicillin 20 27 - 20 27 - 20 27 -
Clotrimazole - - 20 — - 20 - - 20

EXPERIMENTAL (CDCl3): 6 2.71 (2H, t, protons at Cg), 2.89 (2H, t, protons at

All the melting points reported are uncorrected. The IR
spectra (KBr disc) were recorded on Shimadzu FT-IR 8400-S
spectrometer. '"H-NMR and "*C-NMR spectra were recorded
on a Bruker Avance 400 spectrophotometer operating at 400
MHz for '"H-NMR and 100 MHz for *C-NMR. The chemical
shift (8) is reported in ppm using chloroform-d as a solvent
and calibrated standard solvent signal. Mass spectrum for com-
pound 3a was recorded on Shimadzu QP 2010 spectrometer.
4-Hydroxy coumarins la-c and 2-arylidene-1-tetralones 2a-d
were prepared according to literature procedures [17,18].

General procedure for the synthesis of 7-aryl-5,6-dihy-
dro-14-aza[l]benzopyrano [3,4-b]phenanthren-8H-ones
(3a-1). In a 100 mL round-bottom flask equipped with a drop-
ping funnel, condenser, guard tube, and magnetic needle, an
appropriate 4-hydroxy coumarin (1a-c) (0.004 mol) was taken in
glacial acetic acid (15 mL). To this, ammonium acetate (0.04
mol) was added with stirring at room temperature. Then a solu-
tion of appropriate 2-arylidene-1-tetralone (2a-d) (0.004 mol) in
acetic acid (15 mL) was added with stirring at room temperature.
The reaction mixture was further stirred for 45 min. and then
refluxed in an oil bath at 140-150°C for 8 h and cooled to room
temperature. The reaction mixture was poured into ice cold
water (75 mL) and the gummy mass obtained was extracted with
chloroform (3 x 30 mL). The combined chloroform extract was
washed with 10% sodium bicarbonate solution (3 x 20 mL) and
then with water (3 x 20 mL). It was dried over anhydrous so-
dium sulfate. The removal of chloroform under vacuum gave a
solid product. This was purified by column chromatography
using silica gel and chloroform-petroleum ether (60-80) (4:6) as
an eluent. Thus 7-aryl-5,6-dihydro-14-aza[1]benzo pyrano|3,4-
b]phenanthren-8H-ones (3a-l) were obtained as a solid material,
which were recrystallized from chloroform-hexane.

7-Phenyl-5,6-dihydro-14-aza[l [benzopyrano|3,4-b[phenanth-
ren-8H-one (3a). White solid; Yield 59%; M.P. 255°C; IR
(KBr, cm™"): 3065, 2945, 1734, 1595, 1495, 765, 700 'H-NMR
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Cs), 7.21-7.59 (11H, m, aromatic protons), 8.69 (1H, dd, J = 7.2
and 1.2 Hz, C,—H), 8.86 (1H, dd, J = 7.6 and 1.2 Hz, C;3—H);
BC.NMR (CDCly): 25.40(CH,), 27.64(CH,), 113.88(C),
116.70(CH), 119.94(C), 124.31(CH), 125.14(CH), 126.92(CH),

127.19(CH),  127.36(CH),  127.72(CH),  127.89(CH),
128.47(CH), 131.04(CH), 131.62(CH), 131.87(C), 133.85(C),
138.17(C), 139.42(C), 150.62(C), 152.10(C), 152.67(C),

157.27(C), 159.54(C=0). Anal. Calcd. for CysH7NO,: C,
83.18; H, 4.56; N, 3.73. Found: C, 83.02; H, 4.50; N, 3.70.

7-(4-Methylphenyl)-5,6-dihydro-14-aza[1]benzopyrano[3,4-b]
phenanthren-8H-one (3b). White solid; Yield 55%; M.P. 259—
260°C; IR (KBr, cm™'): 3040, 2960, 1715, 1600, 1500, 830; 'H-
NMR (CDCly): & 2.50 (3H, s, CH3), 2.71 (2H, t, protons at Cg),
2.87 (2H, t, protons at Cs), 7.10-7.58 (10H, m, aromatic protons),
8.67 (1H, dd, J = 7.2 and 1.2 Hz, C,—H), 8.84 (1H, dd, J = 7.6
and 1.2 Hz, C;5—H); "*C-NMR (CDCl;): 21.51(CH3), 25.42(CH,),
27.66(CH,), 114.03(C), 116.67(CH), 119.98(C), 124.27(CH),
125.14(CH), 126.90(CH), 127.11(CH), 127.33(CH), 127.86(CH),
129.21(CH), 130.97(CH), 131.56(CH), 132.04(C), 133.91(C),
135.12(C), 137.35(C), 139.43(C), 150.58(C), 152.32(C), 152.66(C),
157.15(C), 159.55(C=0). Anal. Calcd. for C,;H;oNO,: C, 83.27,;
H, 4.92; N, 3.60. Found: C, 83.14; H, 4.85; N, 3.55.

7-(4-Methoxyphenyl)-5,6-dihydro-14-aza[1]benzopyrano[3,4-b]
phenanthren-8H-one (3c). White solid; Yield 54%, M.P. 212—
214°C; IR (KBr, cm™1): 3055, 2940, 1730, 1605, 1510, 830;
"H-NMR (CDCl5): & 2.73 (2H, t, protons at Cg), 2.88 (2H, t,
protons at Cs), 3.92 (3H, s, OCH3), 7.05-7.58 (10H, m, aro-
matic protons), 8.67 (1H, poorly resolved dd, C;—H), 8.84
(1H, dd, J = 8.0 and 1.6 Hz, C;5—H); *C-NMR (CDClL):
25.45(CH,), 27.69(CH,), 55.26(0OCHj5), 113.92(CH), 114.15(C),
116.66(CH), 119.99(C), 124.28(CH), 125.15(CH), 126.90(CH),
127.34(CH), 127.86(CH), 128.55(CH), 130.14(C), 130.98(CH),
131.57(CH), 132.31(C), 133.93(C), 139.42(C), 150.62(C),
152.05(C), 152.65(C), 157.18(C), 159.10(C), 159.62(C=0).
Anal. Calcd. for Cp;H9NO5: C, 79.98; H, 4.72; N, 3.45.
Found: C, 79.89; H, 4.68; N, 3.42.
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7-(4-Chlorophenyl)-5,6-dihydro-14-aza[1 ]benzopyrano[3,4-b]
phenanthren-8H-one (3d). White solid; Yield 48%; M.P.
284°C; IR (KBr, cm™"): 3060, 2960, 1735, 1600, 1495, 830; 'H-
NMR (CDCls): 6 2.69 (2H, t, protons at C¢), 2.89 (2H, t, protons
at Cs), 7.14-7.59 (10H, m, aromatic protons), 8.67 (1H, dd, J =
6.8 and 1.6 Hz, C;—H), 8.84 (1H, dd, / = 8.0 and 1.6 Hz,
C;s;—H); "“C-NMR (CDCls): 25.42(CH,), 27.55(CHy),
113.72(C), 116.72(CH), 119.81(C), 124.43(CH), 125.15(CH),
126.96(CH), 127.43(CH), 127.92(CH), 128.70(CH), 128.82(CH),
131.19(CH), 131.77(CH), 131.80(C), 133.70(C), 133.76(C),
136.53(C), 139.35(C), 150.72(C), 150.79(C), 152.62(C),
157.45(C), 159.59(C=0). Anal. Calcd. for C,cH;cCINO,: C,
76.19; H, 3.93; N, 3.42. Found: C, 76.31; H, 3.91; N, 3.39.
12-Methyl-7-phenyl-5,6-dihydro-14-aza[1]benzopyrano[3,4-b]
phenanthren-8H-one (3e). Light yellow solid; Yield 52%; M.P.
205°C; IR(KBr, cm™1): 3060, 2960, 1720, 1605, 1500, 710, 750;
"H-NMR (CDCly): § 2.55 (3H, s, CHj), 2.70 (2H, t, protons at
Cs), 2.88 (2H, t, protons at Cs), 7.21-7.55 (10H, m, aromatic pro-
tons), 8.61 (1H, d, J = 1.2 Hz, C;3—H), 8.69 (1H, dd, / = 7.2 and
0.8 Hz, C,—H); “C-NMR (CDCl3): 21.16(CH3), 25.41(CH,),
27.66(CH,), 113.89(C), 116.47(CH), 119.50(C), 124.80(CH),
126.91(CH), 127.18(CH), 127.36(CH), 127.67(CH), 127.88(CH),
128.45(CH), 130.99(CH), 131.73(C), 132.61(CH), 133.93(C),
138.26(C), 139.42(C), 150.69(C), 150.79(C), 152.12(C),
157.17(C), 159.70(C=0). Anal. Calcd. for C,7H;oNO»: 83.27; H,
4.92; N, 3.60. Found: C, 83.36; H, 4.90; N, 3.52.
12-Methyl-7-(4-methylphenyl)-5,6-dihydro-14-aza[1]benzo-
pyrano[3,4-bJphenanthren-8H-one (3f). Light yellow solid;
Yield 54%; M.P. 220-222°C; IR(KBr, cm '): 3060, 2960,
1730, 1610, 1510, 825; 'H-NMR (CDCl;): & 2.49 and 2.55
(6H, two singlets, 2 x CHs), 2.71 (2H, t, protons at Cg), 2.87
(2H, t, protons at Cs), 7.09-7.52 (9H, m, aromatic protons),
8.60 (1H, poorly resolved d, C;3—H), 8.68 (1H, poorly
resolved dd, C,—H); 'C-NMR (CDCl;): 21.16(CHj),
21.50(CHj3), 25.42(CH,), 27.68(CH,), 114.04(C), 116.44(CH),
119.54(C), 124.80(CH), 126.90(CH), 127.11(CH), 127.33(CH),
127.85(CH), 129.19(CH), 130.93(CH), 131.89(C), 132.55(CH),
133.87(C), 133.97(C), 135.22(C), 137.28(C), 139.42(C),
150.66(C), 150.78(C), 152.34(C), 157.05(C), 159.70(C=0).
Anal. Calcd. for C,gH,NO,: C, 83.35; H, 5.25; N, 3.47.
Found: C, 83.26; H, 5.19; N, 3.49.
12-Methyl-7-(4-methoxyphenyl)-5,6-dihydro-14-aza[1]benzo-
pyrano[3,4-b]phenanthren-8H-one (3g). White solid; Yield
60%; M.P. 161-162°C; IR(KBr, cm '): 3040, 2970, 1735,
1610, 1505, 835; '"H-NMR (CDCly): & 2.55 (3H, s, CH3), 2.73
(2H, t, protons at Cg), 2.88 (2H, t, protons at Cs), 3.91 (3H, s,
OCH3), 7.04-7.53 (9H, m, aromatic protons), 8.60 (1H, d, J =
0.8 Hz, C;5—H), 8.68 (1H, dd, / = 7.6 and 0.8 Hz, C,—H);
3C.NMR (CDCL3): 21.15(CH;), 25.45(CH,), 27.71(CH,),
55.25(0CHj3), 113.89(CH), 114.16(C), 116.43(CH), 119.55(C),
124.81(CH), 126.90(CH), 127.34(CH), 127.84(CH),
128.54(CH), 130.25(C), 130.93(CH), 132.16(C), 132.56(CH),
133.88(C), 133.99(C), 139.41(C), 150.70(C), 150.77(C),
152.07(C), 157.09(C), 159.07(C), 159.77(C=0). Anal. Calcd.
for CogH,NO3: C, 80.17; H, 5.05; N, 3.34. Found: C, 80.05;
H, 5.01; N, 3.34.
12-Methyl-7-(4-Chlorophenyl)-5,6-dihydro-14-aza[l [benzo-
pyrano[3,4-b]phenanthren-8H-one (3h). Light yellow solid;
Yield 50%; M.P. 216-217°C; IR(KBr, cm™'): 3045, 2965,
1730, 1630, 1515, 820; 'H-NMR (CDCls): & 2.56 (3H, s,
CHs), 2.69 (2H, t, protons at Cg), 2.90 (2H, t, protons at Cs),
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7.02-7.54 (9H, m, aromatic protons), 8.62 (1H, d, / = 1.6 Hz,
Ci3—H), 8.69 (1H, dd, J = 7.6 and 1.2 Hz, C,—H); '*C-NMR
(CDCl3): 21.17(CH3), 25.29(CH,), 27.63(CH,), 118.14(CH),
119.03(C), 121.49(C), 124.61(CH), 126.92(CH), 127.37(CH),
127.84(CH), 128.91(CH), 129.74(C), 131.00(CH), 131.28(CH),
133.53(C), 133.85(C), 139.54(C), 149.15(C), 149.39(C),
150.96(C), 157.10(C), 157.34(C), 158.97(C), 161.05(C=0).
Anal. Calcd. for C,;H3CINO,: C, 76.50; H, 4.28; N, 3.30.
Found: C, 76.38; H, 4.22; N, 3.27.
12-Chloro-7-phenyl-5,6-dihydro-14-aza[1]benzopyrano[3,4-b]
phenanthren-8H-one (3i). Yellow solid; Yield 51%; M.P.
184°C; IR(KBr, cm™Y): 3055, 2980, 1740, 1605, 1520, 700,
745; 'H-NMR (CDCls): & 2.73 (2H, t, protons at Cg), 2.91
(2H, t, protons at Cs), 7.22-7.56 (10H, m, aromatic protons),
8.68-8.80 (2H, m, C;—H and C;;—H merged); *C-NMR
(CDCl3): 25.50(CH,), 27.58(CH,), 113.94(C), 118.28(CH),
121.28(C), 124.71(CH), 126.98(CH), 127.15(CH), 127.52(CH),

127.89(CH),  128.56(CH),  129.90(CH),  131.31(CH),
131.62(CH), 132.59(C), 133.63(C), 137.85(C), 139.38(C),
149.54(C), 150.70(C), 151.07(C), 152.23(C), 157.55(C),

159.02(C=0). Anal. Calcd. for C,cH;cCINO,: C, 76.19; H,
3.93; N, 3.44. Found: C, 76.25; H, 3.97; N, 3.44.
12-Chloro-7-(4-methylphenyl)-5,6-dihydro-14-aza[l]benzo-
pyrano[3,4-b]phenanthren-8H-one (3j). Light yellow solid;
Yield 48%; M.P. 260-262°C; IR(KBr, cm™'): 3040, 2960,
1740, 1600, 1515, 825; 'H-NMR (CDCls): & 2.49 (3H, singlet,
CH;), 2.72 (2H, t, protons at Cg), 2.88 (2H, t, protons at Cs),
7.08-7.51 (9H, m, aromatic protons), 8.66 (1H, poorly
resolved dd, C,—H), 8.78 (1H, poorly resolved d, C,3—H);
BC-NMR (CDCl;): 21.69(CH3), 25.61(CH,), 27.70(CH,),
114.08(C), 118.23(CH), 121.25(C), 124.66(CH), 127.07(CH),
127.45(CH), 127.89(CH), 129.27(CH), 129.86(C), 131.24(CH),
131.53(CH), 132.78(C), 133.65(C), 134.79(C), 137.52(C),
139.47(C), 149.49(C), 151.06(C), 152.47(C), 157.42(C),
159.03(C=0). Anal. Calcd. for Cp;H;gCINO,: C, 76.50; H,
4.28; N, 3.30. Found: C, 76.38; H, 4.23; N, 3.36.
12-Chloro-7-(4-methoxyphenyl)-5,6-dihydro-14-aza[l]ben-
zopyrano[3,4-b]Jphenanthren-8H-one  (3k). Light  yellow
solid; Yield 55%; M.P. 194-196°C; IR(KBr, cm '): 3055,
2980, 1725, 1615, 1510, 810; 'H-NMR (CDCl;): & 2.74 (2H,
t, protons at Cg), 2.88 (2H, t, protons at Cs), 3.91 (3H, s,
OCH3;), 7.04-7.50 (9H, m, aromatic protons), 8.65 (1H, poorly
resolved dd, C,—H), 8.76 (1H, d, J = 1.2 Hz, C;3;—H); Bc.
NMR (CDCl3): 25.51(CH,), 27.60(CH,), 55.26(0OCH3),
113.97(CH), 114.20(C), 118.19(CH), 121.29(C), 124.68(CH),
127.01(CH), 127.45(CH), 127.89(CH), 128.52(CH), 129.86(C),
131.21(CH), 131.50(CH), 133.03(C), 133.66(C), 139.41(C),
149.51(C), 151.03(C), 152.19(C), 157.44(C), 159.21(C=0).
Anal. Calcd. for C,;HgCINO5: C, 73.72; H, 4.12; N, 3.18.
Found: C, 73.59; H, 4.18; N, 3.17.
12-Chloro-7-(4-Chlorophenyl)-5,6-dihydro-14-aza[1|benzo-
pyrano[3,4-bJphenanthren-8H-one (31). White solid; Yield
47%; M.P. 255-256°C; IR(KBr, cm'): 3050, 2970, 1730,
1610, 1500, 825; 'H-NMR (CDCl5): & 2.69 (2H, t, protons at
Ce), 2.89 (2H, t, protons at Cs), 7.12-7.51 (9H, m, aromatic
protons), 8.63 (1H, poorly resolved dd, C;—H), 8.73 (1H,
poorly resolved d, C;3—H); "*C-NMR (CDCls): 25.46(CH,),
27.45(CH,), 113.74(C), 118.23(CH), 121.05(C), 124.64(CH),
127.06(CH), 127.53(CH), 127.95(CH), 128.66(CH),
128.87(CH), 130.00(C), 131.42(CH), 131.69(CH), 132.51(C),
133.40(C), 133.90(C), 136.18(C), 139.34(C), 149.54(C),
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150.88(C), 150.95(C), 157.67(C), 158.99(C=0). Anal. Calcd.
for CoH{5CILNO,: C, 70.28; H, 3.40; N, 3.15. Found: C,
70.36; H, 3.45; N, 3.15.

In case of the compounds 3e, 3h, 3j, and 3k, the number of
carbon signals in '"*C-NMR spectra are less than expected (in
case of compounds 3e, 3h, and 3j, one signal, while in com-
pound 3k, two signals). This may be due to identical chemical
shifts of certain carbons which may appear at same position.

Antimicrobial activities. All the synthesized compounds
3a-1 were screened for their antimicrobial activity using the
agar cup diffusion method [19]. Antibacterial activity of the
test compounds was evaluated against one gram-positive bacte-
ria, Bacillus subtilis, and one gram-negative bacteria, Esche-
richia coli, using Ciprofloxacin and Ampicillin as standard
drugs. Antifungal activity was screened against one fungal
strain, Candida albicans, using Clotrimazole as standard drug.
The zone of inhibition was measured in mm and was com-
pared with standard drug. DMF was used as blank. All the
compounds were tested at three different concentrations 500,
750, and 1000 pg/mL. The results are shown in Table 1.
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