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Abstract: 3-Arylidene-5-(4-methylphenyl)-2(3H)-furanones 2a—m were prepared
from 3-(4-methyl-benzoyl)propanoic acid 1 and several aromatic aldehydes.
Some of the selected furanones were reacted with ammonia gas and benzyl-
amine to give corresponding 3-arylidene-1,3-dihydro-5-(4-methylphenyl)-2H-pyr-
rol-2-ones 3a—h and 3-arylidene-1-benzyl-1,3-dihydro-5-(4-methylphenyl)-2H-
-pyrrol-2-ones 4a—f, respectively, which were characterized on the basis of IR,
IH-NMR, mass spectral data and elemental analysis results. These compounds
were tested for their anti-inflammatory and antibacteria activities. The com-
pounds, which showed significant anti-inflammeatory activity, were further screen-
ed for their analgesic and ulcerogenic activities. Three new compounds (2e, 2h
and 4d), out of twenty-seven showed very good anti-inflammatory activity in
the carrageenan induced rat paw edema test, with significant analgesic activity
in the acetic acid induced writhing test together with negligible ulcerogenic
action. The antibacterial activity is expressed as the corresponding MIC values.

Keywords: furanone; pyrrolone; anti-inflammeatory; analgesic; antibacterial activity.

INTRODUCTION

The chemistry of furanones has attracted more attention in the last few
decades due to their reactivity and novel biological activities. Butenolides, a fa-
mily of ¢,unsaturated lactones, aso known as furanones, are ubiquitous chemi-
cal moieties found in many natural products. The furanone system, as present in
many natural compounds, is associated with important biological actions.l Even
the simpler butyrolactone, 3,3-diethylbutyrolactone, shows anticonvulsant acti-
vity.2 While the furanones exhibit antibiotic activity,3 they have been reported4-38
to aso have anti-inflammatory, analgesic, anthelmintic, antiviral and anticancer
properties. The reactivity of the ylactone ring present in furanone derivatives has
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been further exploited for the synthesis of nitrogen heterocycles of potential
pharmacological interest.9:10

Herein, the syntheses and reactions of 3-arylidene-5-(4-methylphenyl)-2(3H)-
-furanones following the literature procedurel®.11 with a slight modification and
a study of biological activities of the resulting products are reported. Previoudly,
the anti-inflammatory activity of a number of 2-arylidene-4-substituted phenyl-
-but-3-en-4-olides was studied and the results were encouraging.8.12

3-(4-Methylbenzoyl)propanocic acid 1 is an example of the aroylpropanocic
acid class of non-steroidal anti-inflammatory drugs (NSAIDs). Aroylpropanoic
acids are good anti-inflammatory agents; however, they have been reported!3-15
to have gastrointestinal side effects, as do other commonly used NSAIDs. In view
of these observations, it was therefore considered worthwhile to study various
furanone derivatives of 3-(4-methylbenzoyl)propanoic acid for their anti-inflam-
matory, analgesic and ulcerogenic actions. These furanones were further exploit-
ed for the synthesis of nitrogen heterocycles (pyrrolone and benzylpyrrolone). In
view of the reported antimicrobia activity of furanones and pyrrolones, these
compounds were also screened for their antibacterial activity with encouraging
results.

RESULTS AND DISCUSSION

Chemistry

Overall, twenty-seven new compounds (2a—m, 3a—h and 4a—f) were prepa-
red as outlined in Scheme 1. The 3-arylidene-5-(4-methylphenyl)-2(3H)-furano-
nes 2a—m were synthesized from 3-(4-methylbenzoyl)propanoic acid 1 by reac-
ting with aromatic aldehydes in the presence of triethylamine in acetic anhydride
following modified Perkin reaction conditions. The required 3-(4-methylben-
zoyl)propanoic acid was prepared by condensing dry toluene with succinic an-
hydride in presence of anhydrous aluminum chloride, following Friedel-Crafts
acylation reaction conditions. 3-arylidene-1,3-dihydro-5-(4-methylphenyl)-2H-pyr-
rol-2-ones 3a—h were prepared by reacting the furanones with ammonia gas in
absolute ethanol. The 3-arylidene-1-benzyl-1,3-dihydro-5-(4-methylphenyl)-2H-
pyrrol-2-ones 4a—f were synthesized by reacting the appropriate furanone with
benzylamine in dry benzene to give N-benzyl-j)ketoamides, which were then
cyclized in 6 M HCI to give the corresponding benzylpyrrolones. Calculations of
the ¢ values using incremental parameters for the hydrogen (semicyclic double
bond) seems to suggest the (E)-configuration. The structures assigned to the
compounds are supported by the IR, IH-NMR and mass spectral data and
elemental analysis results given below.

3-(4-Methylbenzoyl)propanoic acid (1).Yield: 65 %; m.p. 106 °C. IH-NMR
(CDCl3, 6, ppm): 2.37 (3H, s, CH3), 2.65 and 3.26 (t, each 2xCHy), 7.27 and
7.85 (d, each A5B», p-substituted phenyl).
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Scheme 1. Protocol for synthesis of furanones (2a-m), pyrrolones (3a-h)
and benzylpyrrolones (4a-f).

3-Benzylidene-5-(4-methyl phenyl)-2(3H)-furanone (2a). Yield: 72 %; m.p.
90 °C. Anal. Cacd. for C1gH1402: C, 82.42; H, 5.38. Found: C, 82.35; H, 5.34.
IR (KBr, cm1): 1772 (lactone C=0), 1611 (ArC=C), 821 (ArC-H). IH-NMR
(CDCl3, o, ppm): 2.34 (3H, s, CH3), 6.59 (1H, s, furanone ring), 7.28 (1H, s,
olefinic H), 7.3 and 7.56 (d, each A5B», tolyl ring), 7.42 (3H, m, H-3,4,5,
phenyl), 7.61 (2H, m, H-2,6, phenyl). MS (n/2): 262 (M%), 119, 91.

3-(2-Methoxybenzylidene)-5-(4-methyl phenyl)-2(3H)-furanone (2b). Yield:
74 %; m.p. 132-134 °C. Anal. Calcd. for C19H1603: C, 78.06; H, 5.52. Found:
C, 77.88; H, 5.46. IR (KBr, cm1): 1762 (lactone C=0), 1604 (ArC=C), 812
(ArC-H). 1H-NMR (CDCl3, &, ppm): 2.35 (3H, s, CHs), 3.85 (3H, s, OCHy),
6.83 (1H, s, furanone ring), 6.94 (1H, m, H-3, arylidene ring), 7.29 (1H, s,
olefinic H), 7.11 and 7.53 (d, each A,Bo, tolyl ring), 7.39 (2H, m, H-4,5,
arylidenering), 7.67 (1H, dd, H-6, arylidenering). MS (m/2): 292 (M), 119, 91.

3-(3-Methoxybenzylidene)-5-(4-methyl phenyl)-2(3H)-furanone (2c¢). Yield:
71 %; m.p. 140-142 °C. Anal Calcd. for C1gH1603: C, 78.06; H, 5.52. Found: C,
77.75; H, 5.44. IR (KBr, cm1): 1771 (lactone C=0), 1617 (ArC=C), 822 (ArC-H).
IH-NMR (CDCls3, ppm): 2.37 (3H, s, CH3), 3.88 (3H, s, OCH3), 6.88 (1H, s,
furanone ring), 7.13 (1H, m, H-4, arylidene ring), 7.49 (3H, m, H-2,5,6 arylidene
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ring), 7.63 (1H, s, olefinic H), 7.26 and 7.59 (d, each A2Bo, tolyl ring). MS (nV2):
292 (M), 119, 107, 91.

3-(4-Methylbenzylidene)-5-(4-methyl phenyl)-2(3H)-furanone (2d). Yield: 68 %;
m.p. 122 °C. Anal. Calcd. for C1gH1602: C, 82.58; H, 5.84. Found: C, 82.36; H,
5.78. IR (KBr, cm1): 1720 (lactone C=0), 1601 (ArC=C), 806 (ArC—H). IH-NMR
(CDCl3, o, ppm): 2.37 and 2.44 (s, each 2xCHg), 6.71 (1H, s, furanone ring),
6.97 and 7.25 (d, each A2B», tolyl ring), 7.35 (1H, s, olefinic H), 7.56 (4H, m, H-
2,3,5,6 arylidenering). MS (m/2): 276 (M%), 119, 91.

5-(4-Methyl phenyl)-3-(2,3,4-trimethoxybenzylidene)-2(3H)-furanone (2e€).
Yield: 65 %; m.p. 168-170 °C. Anal. Calcd. for C1HpoOs: C, 71.58; H, 5.72.
Found: C, 71.43; H, 5.75. IR (KBr, cm1): 1766 (lactone C=0), 1611 (ArC=C),
817 (ArC-H). IH-NMR (CDCl3, &, ppm): 2.41 (s, CH3), 3.94 (s, 3xOCHy3), 6.71
(1H, s, furanone ring), 7.16 and 7.62 (d, each A,Bo, tolyl ring), 7.35 (1H, s,
olefinic H), 7.69 (2H, m, H-5,6 arylidene ring). MS (n/2): 352 (M%), 119, 91.

3-(4-Acetoxybenzylidene)-5-(4-methyl phenyl)-2(3H)-furanone (2f). Yidd: 69 %;
m.p. 156-158 °C. Anal. Calcd. for CogH104: C, 74.99; H, 5.03. Found: C, 75.10;
H, 5.12. IR (KBr, cm1): 1729 (lactone C=0), 1612 (ArC=C), 819 (ArC—H).
IH-NMR (CDCl3, &, ppm): 2.14 (3H, s, OCOCHy3), 2.31 (3H, s, CH3), 6.98 (1H,
s, furanone ring), 7.02 (2H, m, H-2,6 arylidene ring), 7.28 (1H, s, olefinic H),
7.11 and 7.56 (d, each A5Bo, tolyl ring), 7.42 and 7.63 (d, each AoB», arylidene
ring). MS (m/2): 320 (M%), 119, 91, 77.

3-(3-Acetoxybenzylidene)-5-(4-methyl phenyl)-2(3H)-furanone (2g). Yield:
73 %; m.p. 144-146 °C. Anal. Calcd. for CogH1604: C, 74.99; H, 5.03. Found: C,
74.86; H, 5.06. IR (KBr, cmrL): 1733 (lactone C=0), 1609 (ArC=C), 827 (ArC-H).
IH-NMR (CDCl3, &, ppm): 2.15 (3H, s, OCOCH?3), 2.35 (3H, s, CH3), 6.98 (1H,
s, furanone ring), 7.11 (1H, m, H-4, arylidene ring), 7.53 (3H, m, H-2,5,6, aryli-
denering), 7.48 (1H, s, olefinic H), 7.26 and 7.60 (d, each A5B», tolyl ring). MS
(m/2): 320 (M), 119, 91.

3-(4-Acetoxy-3-ethoxybenzylidene)-5-(4-methyl phenyl)-2(3H)-furanone  (2h).
Yield: 66 %; m.p. 132-134 °C. Ana. Cacd. for CooHogOs: C, 72.52; H, 5.53.
Found: C, 72.26; H, 5.38. IR (KBr, cnm1): 1748 (lactone C=0), 1618 (ArC=C),
808 (ArC-H). IH-NMR (CDCl3, &, ppm): 1.45 (3H, t, OCH,CH3), 2.34 (3H, s,
OCOCH3), 2.37 (3H, s, CH3), 4.08 (2H, g, OCH>CH3), 6.94 (1H, s, furanone
ring), 7.19 (2H, m, H-5,6 arylidene ring), 7.31 (1H, m, H-2 arylidene ring), 7.46
(1H, s, olefinic H), 7.17 and 7.66 (d, each AoBo, tolyl ring). MS (m/2): 364 (M™),
119, 91.

3-(2-Furanylmethylene)-5-(4-methyl phenyl)-2(3H)-furanone (2i). Yield: 63 %;
m.p. 160-162 °C. Anal. Cacd. for C1gH1203: C, 76.18; H, 4.79. Found: C,
75.93; H, 4.66. IR (KBr, cn1): 1779 (lactone C=0), 1635 (ArC=C), 820 (ArC-H).
IH-NMR (CDCl3 6, ppm): 2.41 (3H, s, CHz), 7.04 (1H, s, furanone ring), 7.43
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(3H, m, furylidene ring), 7.61 (1H, s, olefinic H), 7.18 and 7.72 (d, each A5B»,
tolyl ring). MS (m/2): 252 (M™), 119, 91.

3-(3,4-Methyl enedioxybenzylidene)-5-(4-methyl phenyl )-2(3H)-furanone  (2)).
Yield: 67 %; m.p. 174-176 °C. Anal. Calcd. for C1gH1404: C, 74.50; H, 4.61.
Found: C, 74.38; H, 4.50. IR (KBr, cm1): 1755 (lactone C=0), 1616 (ArC=C),
814 (ArC-H). 1H-NMR (CDCl3, &, ppm): 2.35 (3H, s, CH3), 4.08 (2H, s, OCH,0),
6.93 (1H, s, furanonering), 7.16 (2H, m, H-5,6 arylidene ring), 7.33 (1H, m, H-2
arylidenering), 7.51 (1H, s, olefinic H), 7.12 and 7.67 (d, each A2Bo, tolyl ring).
MS (m/2): 306 (M*), 121, 119, 91.

3-(9-Anthrylmethyl ene)-5-(4-methyl phenyl)-2(3H)-furanone (2k). Yield: 72 %;
m.p. 166 °C. Anal. Calcd. for CogH1g802: C, 86.17; H, 5.01. Found: C, 85.91; H,
4.96. IR (KBr, cmr1): 1778 (lactone C=0), 1611 (ArC=C), 818 (ArC-H). 1H-NMR
(CDCl3, o, ppm): 2.32 (3H, s, CH3), 6.67 (1H, s, furanone ring), 7.24 (1H, s,
olefinic H), 7.35 and 7.66 (d, each A5B», tolyl ring), 7.53 (4H, m, H-2,3,6,7,
anthryl), 8.05 (4H, m, H-1,4,5,8, anthryl), 8.24 (1H, s, H-10, anthryl). MS (m/2):
362 (M*), 181, 119.

3-[4-(Diethylamino)benzylidene] -5-(4-methyl phenyl)-2(3H)-furanone (21).
Yield: 68 %; m.p. 126-128 °C; Anal. Calcd. for CooHo3NOo: C, 79.25; H, 6.95;
N, 4.20. Found: C, 79.18; H, 7.02; N, 4.16. IR (KBr, cmr1): 1751 (lactone C=0),
1608 (ArC=C), 820 (ArC-H). IH-NMR (CDCl3, &, ppm): 2.33 (3H, s, CH3),
3.35 (6H, s, 2x—CH2CH3), 3.78 (4H, s, 2x—-CH>CH3), 7.23 (1H, s, furanone
ring), 7.21 and 7.63 (d, each A5B», tolyl ring), 7.32 and 7.56 (d, each AoBo,
arylidenering), 7.72 (1H, s, olefinic H). MS (m/2): 333 (M™), 119, 91, 77.

3-(Cinnamoyl methyl ene)-5-(4-methylphenyl)-2(3H)-furanone (2m). Yield:
70 %; m.p. 158 °C. Anal. Calcd. for CygH1602: C, 83.31; H, 5.59. Found: C,
83.16; H, 5.45. IR (KBr, cnL): 1782 (lactone C=0), 1618 (ArC=C), 819 (ArC-H).
IH-NMR (CDCl3, &, ppm): 2.36 (3H, s, CH3), 6.70 (1H, s, furanone ring), 7.31
and 7.57 (d, each AoBo, tolyl ring), 7.64-7.82 (7H, m, arylidene ring + 2 olefinic
protons). MS (m/z): 288 (M), 119, 91.

3-Benzylidene-1,3-dihydro-5-(4-methyl phenyl)-2H-pyrrol-2-one (3a). Yield:
65 %; m.p. 128-130 °C. Anal. Calcd. for C1gH15NO: C, 82.73; H, 5.79; N, 5.36.
Found: C, 82.61; H, 5.66; N, 5.23. IR (KBr, cmr1): 3384 (N-H), 1756 (C=0),
1616 (ArC=C), 799 (ArC-H). IH-NMR (CDCl3, &, ppm): 2.41 (3H, s, CH3), 6.44
(1H, s, pyrrolonering), 7.33 (1H, s, olefinic H), 7.27 and 7.43 (d, each A5Bo, tolyl
ring), 7.46 (3H, m, H-3,4,5, arylidene ring), 7.62 (2H, m, H-2,6, arylidene ring),
7.97 (1H, s, NH). MS (n/2): 261 (M), 118, 91, 77.

1,3-Dihydro-3-(2-methoxybenzylidene)-5-(4-methyl phenyl)-2H-pyrrol-2-one
(3b). Yield: 68 %; m.p. 174 °C. Anal. Calcd. for C1gH17NO2: C, 78.33; H, 5.88;
N, 4.81. Found: C, 78.08; H, 5.56; N, 4.85; IR (KBr, cm1): 3445 (N-H), 1699
(C=0), 1509 (ArC=C), 809 (ArC-H). IH-NMR (CDCl3, &, ppm): 2.32 (3H, s,
CH3), 3.77 (3H, s, OCH3), 6.92 (1H, s, pyrrolone ring), 7.09 (1H, m, H-3,
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arylidenering), 7.27 and 7.54 (d, each AoBy, tolyl ring), 7.45 (2H, m, H-4,5, ary-
lidene ring), 7.68 (1H, s, olefinic H), 7.71 (1H, dd, H-6, arylidene ring), 8.11 (1H,
s, NH). MS (m/2): 291 (M+), 118, 91.

1,3-Dihydro-3-(3-methoxybenzylidene)-5-(4-methyl phenyl)-2H-pyrrol -2-one
(3c). Yield: 65 %; m.p. 188 °C. Anal. Calcd. for C1gH17NO>: C, 78.33; H, 5.88;
N, 4.81. Found: C, 78.16; H, 5.53; N, 4.78. IR (KBr, cm1): 3462 (N-H), 1697
(C=0), 1613 (ArC=C), 817 (ArC-H). IH-NMR (CDCl3, &, ppm): 2.39 (3H, s,
CHs3), 3.83 (3H, s, OCHg), 6.86 (1H, s, pyrrolone ring), 7.19 (1H, m, H-4, ary-
lidene ring), 7.31 and 7.74 (d, each A5B», tolyl ring), 7.53 (3H, m, H-2,5,6, ary-
lidenering), 7.65 (1H, s, olefinic H), 7.95 (1H, s, NH). MS (n/2): 291 (M ™), 118, 91.

1,3-Dihydro-3-(4-methoxybenzylidene)-5-(4-methyl phenyl)-2H-pyrrol-2-one
(3d). Yield: 62 %; m.p. 156-158 °C. Anal. Calcd. for C1gH17NO: C, 82.88; H,
6.22; N, 5.09. Found: C, 82.50; H, 6.25; N, 4.88. IR (KBr, cm1): 3471 (N-H),
1725 (C=0), 1616 (ArC=C), 801 (ArC—H). IH-NMR (CDCl3, 8, ppm): 2.37 and
2.43 (s, each 2xCH3g), 6.72 (1H, s, pyrrolone ring), 7.07 and 7.51 (d, each A,B>,
tolyl ring), 7.62 (1H, s, olefinic H), 7.68 (4H, m, H-2,3,5,6 arylidene ring), 8.11
(1H, s, NH). MS (m/2): 275 (M), 118, 91.

1,3-Dihydro-5-(4-methyl phenyl)-3-(2,3,4-trimethoxybenzylidene)-2H-pyrrol-
2-one (3e). Yield: 64 %. m.p. 172-174 °C. Anal. Calcd. for Co1H21NO4: C,
71.78; H, 6.02; N, 3.99. Found: C, 71.56; H, 5.83; N, 4.12. IR (KBr, cm1): 3458
(N-H), 1708 (C=0), 1631 (ArC=C), 813 (ArC-H). IH-NMR (CDCl3, &, ppm):
2.34 (s, CH3), 3.91 (s, 3xOCH3), 7.41 (1H, s, pyrrolone ring), 7.16 and 7.86 (d,
each A5Bo, talyl ring), 7.51 (1H, s, olefinic H), 7.75 (2H, m, H-5,6 arylidene ring),
8.19 (1H, s, NH). MS (m/2): 351 (M%), 118, 91.

1,3-Dihydro-3-(4-hydroxybenzylidene)-5-(4-methyl phenyl)-2H-pyrrol-2-one
(3f). Yidld: 61 %; m.p. 152-154 °C. Anal. Calcd. for C1gH15NO5: C, 77.96; H,
5.45; N, 5.05. Found: C, 77.78; H, 5.24; N, 5.12. IR (KBr, cm1): 3424 (N-H),
1713 (C=0), 1596 (ArC=C), 830 (ArC-H). IH-NMR (CDCl3, &, ppm): 2.41 (3H,
s, CHg), 6.94 (1H, s, pyrrolone ring), 7.64 (1H, s, olefinic H), 7.23 and 7.51 (d,
each, A>Bo, tolyl ring), 7.37 and 7.68 (d, each, A>B», arylidene ring), 8.18 (s, 1H,
NH). MS (m/2): 277 (M*), 118, 91, 77.

1,3-Dihydro-3-(3-hydroxybenzylidene)-5-(4-methyl phenyl)-2H-pyrrol-2-one
(3g). Yield: 58 %; m.p. 146-148 °C. Anal. Calcd. for C1gH15NO>: C, 77.96; H,
5.45; N, 5.05. Found: C, 77.82; H, 5.31; N, 5.16. IR (KBr, cm1): 3419 (N-H),
1745 (C=0), 1616 (ArC=C), 821 (ArC—H). IH-NMR (CDCls3, 6, ppm): 2.28 (s,
3H, CH3), 6.92 (s, 1H, pyrrolone ring), 7.21 (m, 1H, H-5, arylidene ring), 7.22
and 7.61 (d, each, Ao>By, tolyl ring), 7.73 (s, 1H, olefinic H), 8.03 (m, 1H, H-4,
arylidene ring), 8.15 (d, 1H, H-2, arylidene ring), 8.58 (s, 1H, NH). MS (m/2):
277 (M*), 118, 91.

1,3-Dihydro-3-(4-hydroxy-3-ethoxybenzylidene)-5-(4-methyl phenyl)-2H-pyr-
rol-2-one (3h). Yield: 60 %; m.p. 182—184 °C. Anal. Calcd. for CogH19NO3: C,

2009 Copyright (CC) SCS

QJesio



STUDIES ON FURANONES 109

74.75; H, 5.96; N, 4.36. Found: C, 74.60; H, 5.72; N, 4.24. IR (KBr, cm1):
3396(N-H), 1738 (C=0), 1629 (ArC=C), 827 (ArC-H). IH-NMR (CDCl3, 4,
ppm): 1.44 (3H, t, OCH,CH3), 2.35 (3H, s, OCOCH3y), 2.39 (3H, s, CH3), 4.08
(2H, g, OCH2CHg), 6.95 (1H, s, pyrrolone ring), 7.31(2H, m, H-5,6 arylidene
ring), 7.43 (1H, m, H-2 arylidene ring), 7.18 and 7.88 (d, each A,B», tolyl ring),
7.64 (1H, s, olefinic H), 8.05 (1H, s, NH). MS (m/2): 321 (M™), 118, 91.

1-Benzyl-3-benzylidene-1,3-dihydr o-5-(4-methyl phenyl)-2H-pyrrol-2-one (4a).
Yield: 65 %; m.p. 122124 °C. Anal. Calcd. for CogH21NO: C, 85.44; H, 6.02; N,
3.99. Found: C, 85.38; H, 5.90; N, 4.12. IR (KBr, cnr1): 1750 (C=0), 1616
(ArC=C), 799 (ArC—H). IH-NMR (CDCl3, &, ppm): 2.34 (3H, s, CH3), 4.85 (2H,
s, CHy), 6.16 (1H, s, pyrrolonering), 6.97 and 7.63 (d, each A2B», tolyl ring), 7.3
(6H, m, 2xH-3,4,5 benzyl + phenyl), 7.43 (1H, s, olefinic H), 7.27 and 7.43 (d,
each A,Bo, tolyl ring), 7.5 (4H, m, 2xH-2,6 benzyl + phenyl). MS (m/2): 351
(M™), 260, 118, 91, 77.

1-Benzyl-1,3-dihydro-3-(3-methoxybenzylidene)-5-(4-methyl phenyl)-2H-pyr -
rol-2-one (4b). Yield: 67 %; m.p. 132-134 °C. Anal. Calcd. for CogHo3NOo: C,
81.86; H, 6.08; N, 3.67. Found: C, 81.65; H, 6.15; N, 3.73; IR (KBr, cmr1): 1729
(C=0), 1598 (ArC=C), 817 (ArC-H). IH-NMR (CDCls3, &, ppm): 2.39 (3H, s,
CH3), 3.83 (3H, s, OCHg), 6.86 (1H, s, pyrrolone ring), 7.19 (1H, m, H-4 ary-
lidenering), 7.31 and 7.74 (d, each A5B>, talyl ring), 7.53 (3H, m, H-2,5,6 aryli-
denering), 7.65 (1H, s, olefinic H), 7.95 (1H, s, NH). MS (my2): 381 (M), 118, 91.

1-Benzyl-1,3-dihydro-3-(4-methoxybenzylidene)-5-(4-methyl phenyl )-2H-pyr -
rol-2-one (4c). Yield: 61 %; m.p. 118-120 °C. Anal. Calcd. for CygH23NO: C,
85.45; H, 6.34; N, 3.83. Found: C, 85.41; H, 6.22; N, 4.02. IR (KBr, cm1): 1737
(C=0), 1616 (ArC=C), 793 (ArC-H). IH-NMR (CDCl3, &, ppm): 2.34 (3H, s,
CHs3), 4.85 (2H, s, CH»), 6.16 (1H, s, pyrrolone ring), 6.97 and 7.63 (d, each
AsBo, talyl ring), 7.3 (6H, m, 2xH-3,4,5 benzyl + phenyl), 7.43 (1H, s, olefinic H),
7.27 and 7.43 (d, each A5Bo, tolyl ring), 7.5 (4H, m, 2xH-2,6 benzyl + phenyl).
MS (m/2): 365 (M), 274, 118, 91, 77.

1-Benzyl-1,3-dihydro-5-(4-methyl phenyl)-3-(2,3,4-trimethoxybenzylidene)-2H-
-pyrrol-2-one (4d). Yield: 58 %; m.p. 138-140 °C. Anal. Calcd. for CogH27NOgy:
C, 76.17; H, 6.16; N, 3.17. Found: C, 75.94; H, 6.12; N, 3.10. IR (KBr, cm1):
1716 (C=0), 1606 (ArC=C), 819 (ArC-H). IH-NMR (CDCl3, &, ppm): 2.34 (3H,
s, CH3), 3.68 (s, 3xOCH3), 4.82 (2H, s, CH>), 6.45 (1H, s, pyrrolone ring), 6.97
and 7.62 (d, each ABo, tolyl ring), 7.24 (3H, m, H-3,4,5 benzyl), 7.41 (1H, s,
olefinic H), 7.52 (2H, m, H-2,6 benzyl), 7.73 (2H, m, H-5,6 arylidene ring). MS
(m/2): 441 (M™), 118, 91, 77.

1-Benzyl-1,3-dihydro-3-(3,4-methyl enedi oxybenzylidene)-5-(4-methyl phenyl)-
-2H-pyrrol-2-one (4e). Yield: 61 %; m.p. 182-184 °C. Anal. Calcd. for
CosH21NO3: C, 78.97; H, 5.35; N, 3.51. Found: C, 78.83; H, 5.31; N, 3.48. IR
(KBr, cmr1): 1749 (C=0), 1610 (ArC=C), 815 (ArC-H). IH-NMR (CDCl3, 4,

2009 Copyright (CC) SCS

QJesio



110 HUSAIN, MUMTAZ ALAM and SIDDIQUI

ppm) 4.85 (2H, s, CHy), 6.01 (2H, s, -OCH20-), 6.52 (1H, s, pyrrolone ring),
6.95 (1H, d, H-5 arylidene ring), 7.12 and 7.76 (d, each AB», tolyl, ring) 7.17
(7H, m, 5H phenyl + H-2,6 arylidene), 7.25 (5H, m, benzyl), 7.66 (1H, s, olefinic
H). MS (m/2): 395 (M%), 304, 91, 77.

3-(9-Anthryl methylene)- 1-benzyl - 1,3-dihydr o-5-(4-methyl phenyl)-2H-pyrrol -
-2-one (4f). Yidd: 69 %; m.p. 146-148 °C. Anal. Cacd. for C33HosNO: C,
87.78; H, 5.58; N, 3.10. Found: C, 87.61; H, 5.50; N, 3.14. IR (KBr, cm1): 1756
(C=0), 1614 (ArC=C), 821 (ArC-H). IH-NMR (CDCl3, &, ppm): 2.31 (3H, s,
CHs), 6.61 (1H, s, pyrrolone ring), 7.31 and 7.76 (d, each AoB», tolyl ring), 7.24
(1H, s, olefinic H), 7.54 (4H, m, H-2,3,6,7 anthryl), 8.03 (4H, m, H-1,4,5,8
anthryl), 8.23 (1H, s, H-10, anthryl). MS (m/2): 451 (M*), 119, 91.

In general, the infrared spectral data of the furanones 2a—m revealed bands
at 1782-1720 (lactone C=0), 1635-1601 (ArC=C) and 827-806 (ArC—H). The pyr-
rolones 3a—h showed bands at 3471-3384 (pyrrolone N-H), 1745-1697 (C=0),
1631-1596 (ArC=C) and 830-799 (ArC—H). The benzylpyrrolones 4a—f reveaed
bands at 1756-1716 (lactam C=0), 1616-1598 (ArC=C) and 821-793 (ArC—H).
In the TH-NMR spectral data, all the compounds showed a singlet of three pro-
tons at around ¢ 2.3 ppm, accounted for by the methyl group of the tolyl ring.
Two singlets of one proton each were present at around ¢ 6.5 and 7.4 ppm, which
could be assigned to the ring £ H and the olefinic hydrogen of the arylidene
substituent. Other peaks were observed at the appropriate positions. Some points
could be made regarding the fragmentation pattern observed in the electron im-
pact mass spectrum. The 3-arylidene-5-(4-methylphenyl)-2(3H)-furanones 2a—m
gave an M* peak in reasonable intensities. The major fragment appears to be
CH3—CgH4—C=0" (m/z 119), arising from the heterocyclic oxygen and jcarbon
with its substituent. Subsequently, it loses CO to give (C7H7)* (nVz 91). A peak
at m/z 77, corresponding to (CgHs)*, appeared. Occasionally, the aryl ring of the
arylidene moiety also appeared as Art. In the case of pyrrolones 3a—h, the major
fragmentation is through CH3-CgH4—C=N*H (m/z 118), which is followed by
loss of HCN to give (C7H7)* (mVz 91). In case of benzylpyrrolones 4a—f, loss of
91 mass units, corresponding to the benzyl moiety from the molecular ion, was
observed together with peaks at mz 91, 77. The other pathway is via CH3—CgHs—
—C=N*H (n/z 118), arising from C-2 and its substituent, which appears to be
novel. This also loses HCN to give (C7H7)*™ (m/z 91).

Biological evaluation

Anti-inflammatory activity. The anti-inflammatory activity test showed that
compound 2h exhibited the maximum anti-inflammatory activity (69.05 % inhi-
bition), two compounds, 2e and 4d, also showed good activity with 61.90 and
64.28 % inhibition, respectively. The standard drug diclofenac exhibited 78.57 %
inhibition. Compound 2b, 2f, 4b, 4c and 4f showed significant activity ranging
from 40.47-54.76 %. The results are presented in Table .
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The structure activity relationship showed that substitution of the oxygen
atom of the furanone ring with NH (pyrrolones) resulted in a marked decrease in
the anti-inflammatory activity, while substitution of the oxygen atom with the
benzylamine moiety (benzylpyrrolones) markedly increased the activity. Com-
pounds having trimethoxy! functions at the 2,3,4-position of the arylidene moiety
were found to have better anti-inflammatory activity than those having one or no
methoxyl function.

TABLE |. Biological data of the synthesized compounds

Anti-inflammatory activity? Analgesic activity? . -
- — — - Ulcerogenic activity?
Compd.  Changeinedema Inhibition No. of writhing Protection (severity index)
volume®, mL % episodes? %
2b 0.22+0.01 47.62 16.3+0.42 27.87 0.50+0.18
2d 0.28+0.02 33.33 nt - nt
2e 0.160.02 61.90 7.6+0.36 66.37 0.75+0.11
2f 0.20+0.01 52.38 12.6+0.22 44.24 0.583+0.08
2h 0.13+0.02 69.05 6.3£0.33 72.27 0.66620.11
2k 0.27£0.01 35.72 nt¢ - nt
2 0.26+0.02 38.10 nt - nt
3b 0.34£0.02 19.05 nt - nt
3d 0.36+0.02 14.28 nt - nt
3e 0.31+0.01 26.19 nt - nt
3f 0.29+0.01 30.95 nt - nt
4b 0.19+0.02 54.76 8.310.33 63.28 0.75+0.17
4c 0.24+0.01 42.86 14.5+0.42 35.84 0.416+0.15
4d 0.15+0.01 64.28 6.610.33 70.79 0.833+0.16
Af 0.25+0.02 40.47 17.3£0.33 2331 0.583+0.20
Control 0.42+0.02 - 22.61+0.42 - 0.00
Diclofenac ~ 0.09+0.03 78.57 7.3£0.42 67.69 2.3310.21

a\umber of animals in each group was 6; Pvalues as +S.E.M.; nt = not tested

Analgesic activity. The analgesic activity as evaluated by the acetic acid-in-
duced writhing test in albino mice showed that compound 2h exhibited the maxi-
mum analgesic activity (72.27 %) while the standard drug diclofenac showed
67.69 % activity. Compound 2e, 4b and 4d also showed good analgesic activity,
ranging from 63.28—70.79 % (Table ).

Acute ulcerogenesis. The tested compounds tested a significant reduction in
ulcerogenic activity, ranging from 0.416 to 0.833, whereas the standard drug dic-
lofenac showed a high severity index (2.33). The results indicate that compounds
are almost devoid of ulcerogenic action (Tablel).

Antibacterial activity. Compounds 2h, 3e and 3h showed significant activity
against S. aureus with MIC values of 12.5 (2h and 3e) and 6.5 pg/ml (3h) (Table
I1). Of these compounds, compound 3e also showed good activity against E. coli
with MIC vaue of 15 pug/ml. Compounds 2f, 2I, 3b, 3c, 3f, and 4d exhibited
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appreciable antibacterial activity against both the bacteria strains with MIC va-
lues ranging from 20-50 ug/ml. Analyses of the results indicate that the intro-
duction of a NH in place of the oxygen atom in the furanone ring (pyrrolones)
enhanced the antibacterial action whereas the benzylpyrrolones were weak in
their antibacterial action.

TABLE II. Physical dataand in vitro antibacterial screening of the synthesized compounds

Ar

Ar

)

Ar

H,C
/ 0 (0] H,C / N (0] ’ N °
H
2a-m 3a-h 4a-f b

Compd. Ar hﬂ.p. Mol. formula/M, MIC/ pg mL™ -

C S aureus E. coli
2a thyl - 20 C]_gH 1402/ 262.31 -4 -
2b 2-Methoxyphenyl- 132-134 CygHq04/292.33  >100 -
2c 3-Methoxypheny!- 140-142 CygH.604292.33  >100 >100
2d 4-Methylphenyl- 122 Ci1oH160,/276.33 - -
2e 2,3,4-Trimethoxyphenyl- 168-170 C,H,,0s/352.38 50 >100
2f 4-Acetoxyphenyl- 156-158 C,H1604/320.34 50 50
29 3-Acetoxyphenyl- 144-146 C,H604/320.34 100 50
2h 4-Acetoxy-3-ethoxyphenyl- 132-134 C,H»05/364.39 125 25
2i 2-Furyl- 160-162 CygH,,04/252.27 - -
2 3,4-Methylenedioxyphenyl- 174176 CygH1404/306.32  >100 >100
2k 9-anthryl- 166 CH150,/362.43 -
2l 4-(Diethylamino)phenyl- 126-128 C»H,3NO,/333.43 20 25
2m Ci nnamoyl - 158 C20H 1602/288. 34 - -
3a Phenyl- 128-130 CygH1sNO/261.32 50 >100
3b 2-Methoxyphenyl- 174 CioH17NO,/291.35 50 50
3c 3-Methoxyphenyl- 188 CioH17NO,/291.35 25 50
3d 4-Methylphenyl- 156-158 C,;oH/NO/275.35 >100 -
3e 2,3,4-Trimethoxypheny!- 172-174 C»H»NO./351.4 125 15
3f 4-Hydroxyphenyl- 152-154 CygHisNO,/277.32 50 25
39 3-Hydroxpheny!- 146-148 CygHisNO,/277.32  >100 >100
3h 4-Hydroxy-3-ethoxyphenyl- 182-184 C,HgNO4/321.37 6.5 25
4a Phenyl- 122-124 C,H,NO/351.44 - -
4b 3-Methoxyphenyl- 132-134 CxHxNO,/381.47 >100 -
4c 4-Methylphenyl- 118-120 C,HxsNO/365.47 - -
4d 2,3,4-Trimethoxypheny!- 138-140 CyH,7NO,441.52 25 25
de 3,4-Methylenedioxyphenyl- 182-184 C,Hx;NO4/395.46 50 >100
Af 9-Anthryl- 146-148 Cy3H,sNO/451.56 - -
Nitrofurazone - - 125 6.5

A nsignificant antibacterial activity
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EXPERIMENTAL
Chemistry

Melting points were taken in open capillary tubes and are uncorrected. Microanalysis of
the compounds was performed on a Perkin-Elmer model 240 analyzer and the values were
found to be within +0.4 % of the theoretical values. The TH-NMR spectra were recorded on a
Varian E-360 MHz or a Bruker spectropsin DPX-300 MHz; The chemical shifts, J, are repor-
ted in ppm downfield from tetramethylsilane (TMS), which was used as the internal standard.
The mass spectra were recorded on a Jeol IMS-D 300 instrument fitted with a IMS 2000 data
system at 70 eV. The progress of the reactions was monitored by TLC, which was performed
onsilicagel (Merck No. 5554).

Preparation of 3-(4-Methylbenzoyl)propanoic acid (1)

To amixture of succinic anhydride (0.10 mol) in dry toluene (50 mL) in around bottom
flask was added, in portions, anhydrous aluminum chloride (0.1125 mol). The reaction mix-
ture was refluxed for two hours after which the excess toluene was removed by steam dis-
tillation. The residue was purified by dissolving in sodium hydroxide solution, filtering, fol-
lowed by addition of hydrochloric acid. The so obtained solid mass was filtered, washed with
cold water, dried and crystallized from methanol to give fine crystals of 1, which gave effer-
vescence with sodium bicarbonate solution, confirming the presence of the carboxylic group.

General procedure for the synthesis of 3-arylidene-5-(4-methyl phenyl)-2(3H)-furanones (2a—m)

A solution of 3-(4-methylbenzoyl)propanoic acid (0.71 g, 3.0 mmol) and the required
aromatic aldehyde (equimolar, 3.0 mmol) in acetic anhydride (15 mL) with triethylamine (1-2
drops) was refluxed for 2—4 h under anhydrous conditions. After completion of the reaction,
the contents were poured onto crushed ice in small portions under stirring. A colored solid
mass separated out, which was filtered, washed with water and crystallized from a mixture of
methanol:chloroform (1:1) to give 2a—m.

General procedure for the synthesis of 3-arylidene-1,3-dihydro-5-(4-methyl phenyl)-2H-pyrrol-
-2-ones (3a—h)

Dry ammonia gas was passed into an anhydrous ethanolic solution of the required fura-
none (1.0 g) for one hour at room temperature, the ethanol was distilled off under reduced
pressure and the so obtained solid mass was crystallized from methanol/acetone to give 3a—h.
General procedure for the synthesis of 3-arylidene-1-benzyl-1,3-dihydro-5-(4-methyl phenyl)-
-2H-pyrrol-2-ones (4a—f)

Synthesis of these compounds involved the following two steps:

The synthesis of N-benzyl-y-ketoamides. The required furanone (3.0 mmol) and benzyl-
amine (4.0 mmol) were refluxed in dry benzene for two hours. On completion of the reaction,
the excess benzene was distilled off and the solid mass so obtained was washed with petro-
leum ether and dried. The compounds obtained were used without crystallization.

Lactamization of the N-benzyl-y-ketoamides. The required N-benzyl-j-ketoamide (3.0
mmol) was refluxed in 6 M hydrochloric acid (20 ml) for one hour. The contents were then
cooled and the so obtained solid mass was collected, washed with water and crystallized from
methanol to give 4a—.

Biological evaluation

Anti-inflammatory activity. Some of the selected compounds were evaluated for their in
vivo anti-inflammatory activity by the carrageenan induced rat paw edema method.1® The pro-
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tocol of the animal experiments was approved by the Institutional Animal Ethics Committee
(IAEC). The compounds were tested at 20 mg/kg oral dose and were compared with the stan-
dard drug diclofenac (10 mg/kg). The foot volume of the rats was measured before and after 4 h
of carrageenan injection by a plethysmograph. The percentage inhibition of inflammation was
calculated according to the following formula: Anti-inflammatory activity (% inhibition) =1 —
— V/Vx100, where V; and V. are the edema volumes in the drug-treated and the control
groups, respectively.

Analgesic activity. The compounds which showed anti-inflammatory activity > 40 % were
further tested for their analgesic activity. The analgesic activity of the synthesized compounds
2b, 2e, 2f, 2h, 4b, 4c, 4d and 4f was evaluated by the acetic acid induced writhing testl” in
albino mice. A 1.0 % aqueous acetic acid solution (i.p. injection; 0.10 ml) was used as the
writhing induced agent. The compounds were tested at 20 mg/kg oral dose and were com-
pared with the standard drug diclofenac (10 mg/kg). The analgesic activity was expressed in
terms of % protection. Analgesic activity (%) = (n — n'/n)x100 where n = mean number of
writhes of the control group and ' = mean number of writhes of the test group.

Acute ulcerogenesis. The compounds which were tested for analgesic activity were
further screened for their ulcerogenic action. The test was performed according to Cioli et
al.1* The ulcerogenic activity was evaluated after p.o. administration of the test compounds or
diclofenac at a dose of 60 mg/kg.

Antibacterial activity. The antibacterial studies were carried out on the synthesized com-
pounds against the microorganism viz. Staphylococcus aureus and Escherichia coli in meat
peptone agar medium at a concentration of 100 ug/ml by the cup plate method. Compounds in-
hibiting growth of one or more of the above microorganisms were further tested for minimum
inhibitory concentration (MIC). The test was carried out according to the turbidity method.18

Acknowledgement. Financial support provided by the AICTE (under the RPS-scheme) is
gratefully acknowledged. We are thankful to Mrs. Shaukat Shah, in-charge the animal house,
Jamia Hamdard, for providing animals for the pharmacological studies and Prof. P. K. Fillai,
Head, Department of Microbiology, Majeedia Hospital, for helping in performing the anti-
bacterial activity tests.

U3BOJ

CHHTE3A, PEAKITUJE 1 BUOJIOIIKA AKTUBHOCT
3-APWJINJIEH-5-(4-METWJIDEHWIT)-2(3H)-OYPAHOHA

ASIFHUSAIN, M. MUMTAZ ALAM u NADEEM SIDDIQUI

Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Jamia Hamdard
(Hamdard University), New Delhi - 110 062, India

3-Apuiuzaes-5-(4-merundenmn)-2(3H)-bypanonn 2a—m nobujenu cy usz 3-(4-metunbeHso-
WIT)IIPOIaHCKe KHCeInHe 1 M HEeKOJIHMKO apoMaTH4HHX anaexuna. Onabpanu QypaHOHH pearyjy ca
aMOHHMjaYHUM racoM U OemsmnamuHOM rpajaehu oarosapajyhe 3-apunmaen-1,3-auxumpo-5-(4-me-
tiipennn)-2H-rmpon-2-one 3a—h, ogHocHO 3-apuiuaeH-1-6ensm-1,3-1uxuapo-5-(4-metundenmn)-
-2H-mupon-2-oue 4a—f, xoju cy oxapaxrtepucanu Ha ocosy IR, TH-NMR u MS nonaraka, kao u
enemeHTanHe aHanuse. OBa jeiMmbeba Cy TeCTHPaHa Ha aHTH-WH()IAMATOPHY U aHTH-0aKTEPHjCKY
aKTUBHOCT. JeIMiberba Koja Cy I0Ka3alia 3Ha4ajHy aHTH-MH(IaMaTOpHY aKTUBHOCT CY 3aTHM JIajbe
TeCTHpaHa Ha aHAJIEeTCKy U YJILEPOreHy akTHBHOCT. TpH HOBa jeaumemna, 2€, 2h u 4d, ox ykymnHo
27, mokazajna cy Bpio A0OpY aHTH-WH(IAMATOPHY aKTHBHOCT Y KapareaHoM-WHIyKOBAaHOM TECTY
elemMa IIare ranoBa, y3 M3paXKeHy aHAIIeTCKy aKTMBHOCT y TECTy I'puU€la HMHIYKOBAHOI CHp-
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heTHOM KHCETMHOM, Kao M 3aHEMAapJbHUBY YILEPOTEHY aKTUBHOCT. AHTHOAKTEpHjCKa aKTHBHOCT
n3paxkena je momohy oarosapajyhux MIC BpegrocTn.
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(ITpumubeno 10. mapra, peuaupano 20. centemOpa 2008)
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