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The isoxazolines have been reported to pos-
sess a variety of significant and diverse pharmaco-
logical activities such as antifungal (1, 2), anti-HIV
(3), anti-bacterial (4), caspase inhibitory (5),
antimuscarinic (6), anti-inflammatory (7), anti-
cancer (8) and anti-depressant (9) activity. On the
other hand, the object of antifungal drug discovery
has become a subject of greater challenge due to
increasing incidences of fungal drug resistance. In
the past decade, number of patients diagnosed with
fungal infections have increased drastically,
whereas, relatively very few clinically useful drugs
were discovered. As a part of our ongoing antimi-
crobial drug design program, quantitative structure
activity relationships (QSAR) studies were per-
formed (10). The predictive 2D and 3D QSAR
studies revealed that some simple isoxazoline
derivatives possessed structural and electro-chemi-
cal properties to be suitable as effective anti-
Candida agents. Hence, in light of these findings
and to check the hypothesis of QSAR studies, it
was decided to synthesize certain 3-phenylamino
(substituted phenyl) isoxazolines and evaluate
them for anti-Candida activity.

EXPERIMENTAL
Chemistry

The purity of synthesized compounds was
ascertained by thin layer chromatography on silica

gel G in various solvent systems using iodine vapors
as detecting agents. All the melting points reported
were determined in open capillaries using Veego
VMP-1 melting point apparatus, expressed in °C and
are uncorrected. Elemental analysis was done using
Carlo Erba 1106 CHN analyzer. The IR spectra of
the compounds were recorded on Perkin-Elmer Infra
Red-283 FTIR spectrometer in KBr phase and are
expressed in cm’. '"H NMR spectra recorded on
Brucker 300 MHz NMR spectrometer (chemical
shift in 6 ppm) using TMS as internal standard.

General procedure for synthesis of N-phenyl-3-
(substituted phenyl)propenamides (3a-e)

N-phenyl-3-(substituted phenyl)propenamides
(3a-e) were prepared by reacting a mixture of
acetanilide (1) (0.05 mol), 4-(dimethylamino)ben-
zaldehyde (2) (0.05 mol), aqueous NaOH (10%, 5
mL) and methanol (50 mL). The reaction mixture
was stirred for 10 h at room temperature using mag-
netic stirrer. Then, it was refluxed for further 6 h on
a water bath. After completion of the reaction (mon-
itored by TLC) an excess of solvent was removed by
distillation and the resultant viscous mass was
poured into ice water (100 mL) with vigorous stirring
and left overnight for complete precipitation. The
resultant solid product was filtered, washed with cold
water, dried and recrystallized from ethanol.

Similarly, the following compounds were pre-
pared and characterized.
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N-Phenyl-3-phenylpropenamide (3a)

Yield 36.9%, m.p.155-157°C; IR (cm™, KBr):
3282 (NH, secondary), 2960 (CH arom./vinyl), 1650
(C=0), 1597 (C=C). 'H NMR (300 MHz, CDCl,) (&
ppm): 6.58 (1H, d, J = 5.6 Hz, CH vinyl), 6.92 to
7.67 (10H, m, arom.), 7.72 (1H, d, J = 5.6 Hz, CH
vinyl), 8.11 (1H, s, NH). Analysis: Calcd. for
C,sH;3NO: C, 80.69; H, 5.87; N, 6.27%. Found: C,
80.60; H, 5.81; N, 6.11%.

N-Phenyl-3-(4-hydroxyphenyl)propenamide (3b)

Yield 39.6%, m.p. 203-204°C; IR (cm*, KBr) :
3289, 3252 (OH, NH merged), 2911 (CH
arom./vinyl), 1662 (C=0), 1597 (C=C). 'H NMR
(300 MHz, CDCl;) (8 ppm): 5.14 (1H, bs, OH) 6.22
(1H, d, J = 6.2 Hz, CH vinyl), 6.82 (dd, 2H, J = 12.2,
1.1 Hz, arom.), 6.98 (dd, 2H, J = 12.2, 1.1 Hz,
arom.), 7.21-7.29 (5H, m, arom.), 7.61 (1H, d, J =
6.2 Hz, CH vinyl), 791 (1H, s, NH); Analysis:
Calcd. for C;sH5NO,: C, 75.30; H, 5.48; N, 5.85%.
Found: C, 75.32; H, 5.41;N, 5.83%.

N-Phenyl-3-(3-nitrophenyl)propenamide (3c)

Yield 41.7%, m.p. 192-195°C; IR (cm™, KBr):
3289 (NH, secondary), 2961 (CH, arom./vinyl),
1665 (C=0), 1597 (C=C), 1350 (NO,). 'H NMR
(300 MHz, CDCl;) (& ppm): 6.42 (1H, d, J = 6.3
Hz, CH vinyl), 7.22 to 7.65 (9H, m, arom.), 7.88
(1H, d, J = 6.6 Hz, CH vinyl), 7.93 (1H, s, NH).
Analysis: Caled. for C;sH,N,O;: C, 67.16; H,
4.51; N, 10.44%. Found: C, 67.10; H, 4.49; N,
10.41%.

N-Phenyl-3-(3-methoxyphenyl)propenamide (3d)

Yield 42.3%, m.p. 105-107°C; IR (cm*, KBr):
3289 (NH, secondary), 2917 (CH, arom./vinyl), 1675
(C=0), 1592 (C=C), 1499 (-OCH;). 'H NMR (300
MHz, CDCl;) (6 ppm): 3.52 (3H, s, OCH3) 6.68 (1H,
d,J=6.1 Hz, CH vinyl), 6.85 to 7.35 (9H, m, arom.),
7.58 (1H, d, J = 6.1 Hz, CH vinyl), 7.80 (1H, s, NH);
Analysis: Calcd. for C,(HsNO,: C, 75.87; H, 5.97,
N, 5.53%. Found: C, 75.81; H, 5.91; N, 5.54%.

N-Phenyl-3-[(4-dimethylamino)phenyl]prope-
namide (3e)

Yield 46.6%, m.p. 55-58°C; IR (cm”, KBr):
3296 (NH, secondary), 2913 (C-H, arom./vinyl),
1665 (C=0), 1597 (C=C). 'H NMR (300 MHz,
CDCl;) (8 ppm): 3.21 (6H, s, N(CH;),) 6.48 (1H, d,
J = 6.6 Hz, CH vinyl), 6.52 (dd, 2H, J = 12.1, 1.0
Hz, arom.), 7.08 (dd, 2H, J = 12.1, 1.0 Hz, arom.),
7.21-7.29 (5H, m, arom.), 7.88 (1H, d, J = 6.6 Hz,
CH vinyl), 8.25 (1H, s, NH). Analysis: Calcd. for
C,(H;sNO: C, 80.98; H, 6.37; N, 5.90%. Found: C,
80.93; H, 6.34; N, 5.93%.

General procedure for synthesis of 3-pheny-
lamino-5-(substituted phenyl)isoxazolines 4(a-e)
3-Phenylamino-5-(substituted phenyl)isoxazo-
lines (4a-e) were prepared by reacting a mixture of
purified N-phenyl-3-(substituted phenyl)prope-
namides (3a-e) (0.01 mol), hydroxylamine
hydrochloride (0.01 mol) and a solution of NaOH
(0.01 mol) in dry ethanol (50 mL) by refluxing for 6
h on a water bath. After completion of the reaction,
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Scheme 1. Synthesis of 3-phenylamino-5-(substituted phenyl)isoxazolines (4a-e).
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Table 1. Anti-Candida activity of the synthesized compounds
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Minimum Inhibitory concentration for various
. . . Average MIC for
Candida species (microgram/mL)
Compd. No. each compound
C. albicans C. albicans C. albicans (microgram/mL)
3102 AT C C 10231

4a 25.5 12.5 11.0 16.4

4b 12.5 12.4 13.5 12.8

4c 15.0 15.0 17.0 15.6

4d 12.0 12.0 14.0 12.7

4e 14.5 13.5 14.0 14.0

Fluconazole 10.1 12.5 1.66 8.08

an excess of the solvent was removed by distillation
and the resultant mass was poured into ice water
(100 mL) with vigorous stirring. It was kept in cool
overnight. The resultant solid product was filtered,
washed with sufficient cold water, dried and puri-
fied by recrystallization from acetone. General
scheme for the synthesis is depicted in Figure 1.

3-Phenylamino-5-phenylisoxazoline (4a)

Yield 42%, m.p. 110-113°C; IR (cm”, KBr):
3296 (NH, secondary), 3135 (CH, alkyl), 2905 (CH,
arom.), 1604 (C=C, arom.), 1554 (C=N), 1326 (C-
O-N). 'H NMR (300 MHz, CDCl5) (8 ppm): 1.78
(1H, t,J =12.3 Hz, CH), 2.36 (2H, dd, /= 12.3, 1.2
Hz CH,), 6.86-7.11 and 7.21-7.29 (10H, m, arom.),
9.75 (1H, s, NH); Analysis: Calcd. for C;sH,N,O:
C, 75.61; H, 5.92; N, 11.76%. Found: C, 75.63; H,
5.97; N, 11.72%.

3-Phenylamino-5-(4-hydroxyphenyl)isoxazoline
(4b)

Yield 46.0%, m.p. 106-108°C; IR (cm™, KBr):
3289 (OH), 3258 (NH, secondary), 3135 (CH,
alkyl), 2954 (CH, arom.) 1597 (C=C, arom.), 1560
(C=N), 1319 (C-O-N). 'H NMR (300 MHz, CDCl,)
(0 ppm): 1.90 (1H, t,J = 12.3 Hz, CH), 2.12 (2H, dd,
J =123, 1.2 Hz CH,), 5.51 (1H, brs, OH) 6.48 (dd,
2H,J =12.2, 1.2 Hz, arom.), 7.11 (dd, 2H, J = 12.2,
1.2 Hz, arom.), 7.28-7.36 (S5H, m, arom.), 8.90 (1H,
s, NH). Analysis: Calcd. for C;sH,,N,0O,: C, 78.85;
H, 5.55; N, 11.02%. Found: C, 78.79; H, 5.57; N,
11.05%.

3-Phenylamino-5-(3-nitrophenyl)isoxazoline (4c)

Yield 58.3%, m.p. 73-75°C; IR (cm™, KBr):
3289 (OH), 3258 (NH, secondary), 3135 (CH,
alkyl), 2954 (CH, arom.) 1597 (C=C, arom.), 1560
(C=N), 1319 (C-O-N). 'H NMR (300 MHz, CDCl,)

(6 ppm): 1.95 (1H, t,J = 12.1 Hz, CH), 2.15 (2H, dd,
J =121, 1.2 Hz, CH,), 7.11-7.59 (O9H, m, arom.),
7.90 (1H, s, NH). Analysis: Calcd. for C;sH;3N;O;:
C, 63.60; H, 4.63; N, 14.83%. Found: C, 63.66; H,
4.63; N, 14.89%.

3-Phenylamino-5-(3-methoxyphenyl)isoxazoline
(4d)

Yield 56.4%, m.p. 116-118°C; IR (cm, KBr) :
3258 (NH, secondary), 3060 (CH, alkyl), 2911 (CH,
arom.), 1597 (C=C, arom.), 1560 (C=N), 1368
(OCHj;), 1325 (C-O-N). 'H NMR (300 MHz,
CDClL,) (6 ppm): 2.05 (1H, t,J = 11.6 Hz, CH), 2.33
(2H, d,J =11.6 Hz, CH,), 3.90 (3H, s, OCHj;), 6.96-
7.11 and 7.31-7.49 (9H, m, arom.), 8.15 (1H, s, NH).
Analysis: Calcd. for C,4H;(N,O,: C, 71.62; H, 6.01;
N, 10.44%. Found: C, 71.66; H, 6.07; N, 10.37%.

3-Phenyl amino-5-(4-dimethylaminophenyl)isox-
azoline (4e)

Yield 60.4%, m.p. 127-130°C; IR (cm*, KBr):
3252 (NH, secondary), 3073 (CH, alkyl), 2919 (CH,
arom.), 1597 (C=C, arom.), 1559 (C=N), 1320 (C-
O-N). 'H NMR (300 MHz, CDCl;) (6 ppm): 1.78
(1H,t,J =12.1 Hz, CH), 2.18 (2H, dd, J = 12.1, 1.9
Hz, CH,), 3.10 (6H, s, N-(CH3),) 6.78 (dd, 2H, J =
12.1, 1.2 Hz, arom.), 7.01 (dd, 2H, J = 12.1, 1.2 Hz,
arom.), 7.21-7.29 (5H, m, arom.), 9.75 (1H, s, NH);
Analysis: Calcd. for C;(H;(N,O: C, 76.16; H, 6.39;
N, 10.10%. Found: C, 76.10; H, 6.33; N, 10.11%.

Antifungal screening

All the synthesized compounds were evaluated
for their in vitro antifungal activity against Candida
albicans by using twofold serial dilution method
(11). For this purpose three different strains C. albi-
cans, C. albicans ATCC 10231, and C. albicans
3102 were used. Fluconazole was taken as a stan-
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dard for comparison of antifungal activity. From the
results (Table 1), it was observed that all the tested
compounds possessed significant in-vitro anti-
Candida activities. The compounds were active
against all three strains of C. albicans. Except com-
pound 4a, the minimum inhibitory concentration
(MIC) values of all the compounds against three dif-
ferent test strains were quite similar indicating their
effectiveness against the wild as well as resistant
types of fungi. All the compounds inhibited the
growth of fungi at a concentration ranging between
11 to 25.5 pg/mL.

RESULTS AND CONCLUSION

N-Phenyl-3-(substituted phenyl)propenamides
(3) were prepared by the reaction of acetanilide and
appropriately substituted benzaldehyde in the pres-
ence of base. These propenamides (3) on refluxing
with hydroxylamine hydrochloride in the presence
of NaOH and dry ethanol yielded 3-phenylamino-
(substituted phenyl)isoxazolines (4) in moderate
yields. These compounds were characterized on the
basis of elemental analysis and spectral data. All the
synthesized compounds were evaluated for their in
vitro antifungal activity against Candida albicans.

In conclusion, a series of N-phenyl-3-(substi-
tuted phenyl)propenamides has been synthesized
and evaluated for antifungal activity. The com-
pounds have exhibited moderate to significant activ-
ities.
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