Life Science Journal 2012;9(4)

http://www.lifesciencesite.com

Synthesis of some medicinal and biological active (E)-2-arylidine-4-oxo-4-(4-(N-
arylsulfamoyl)phenylamino)butanoic acids and (E)-4-(3-arylidene)-2,5-dioxopyrrolidin-1-yl)-N-
arylbenzenesulfonamides

Boshra M. Awad,* Shadia M. Abdallah, Halima A. HgfMervat H. Abdou, Fatehia I. Abd-EImonem and
Noura A. Abd-Elmonem

Chemistry Department, University College of WomenArts, Science, and Education, Ain Shams Univgrsi
Asma Fahmy Street, Heliopolis-11341, Cairo, Egypt
boshra_awad@yahoo.com

Abstract: Microwave irradiation of anhydride (E)-3-(3,4-dirhekybenzylidene)dihydrofuran-2,5-diorie gives
with N-aryl-4-aminobenzenesulfonamides (a and gasgble mixtures of (E)-2-(3,4-dimethoxybenzylideAeoxo-
4-(4-(N-arylsulfamoyl)phenylamino)butanoic acid8 and 6, and (E)-4-(3-(3,4-dimethoxybenzylidene)-2,5-

dioxopyrrolidin-1-yl)-N-arylbenzenesulfonamides 10

and 13,

respectively Also anhydride (E)-3-

(benzol[d][1,3]dioxol-5-yImethylene)dihydrofuran-2¢kone 2 giveswith amines (a, b, d, and g), separable mixtures
of (E)-2-(benzo[d][1,3]dioxol-5-ylmethylene)- 4-0x&(4-(N-arylsulfamoyl) phenylamino) butanoic acit 17, 19

and 22, and (E)-4-(3- (benzo[d][1,3]dioxol-5-yImethyler2)5-dioxopyrrolidin-1-yl)-N-aryl-benzenesulfonarneis
23, 24, 26, and 28, respectively. On the other hand, reaction lofwith amines (b, ¢, e, and g) gives
benzenesulfonamidekl, 12, 14, and 15, whereas compoung gives with amines (c and e) the corresponding
benzenesulfonamid&s and27, as only products. Compound@lsand?2 give, either in presence or absence of solvent
DMF, with amine (f)the corresponding butanoic aci@snd 21, respectively. Microwave irradiation of (g) wifth
gives benzenesulfonamid® as an only product, whereas wihit gives a separable mixture 22 and28, whereas

in DMF, it gives compoun@8 as an only product. Reaction bfand 2 with (a-g) using the conventional thermal
heating technique, gives the corresponding butaaat derivative$-7, 9 and16-20, 22, respectively.

Trials to reactl and 2 with (f) were unsuccessful. The structural fornsulaf the products obtaine®28 were
assigned by their spectral analysis. Cytotoxic antimicrobial activities of some prepared compouhdge been

studied and reported.
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1. Introduction

Microwave technology has become very
important in many areas of preparative science and
particularly in the area of synthetic chemistry.
Microwave methods have become reliable, safe and
relatively inexpensive? It proved to accomplish the
reactions with excellent yields, high purity, assis
cyclization, regioselectivity, and convenient waorgi
out™ than the conventional thermal heating
technique. Moreover it proves to be more
economically and environmentally safe (green
chemistry) than thermal heating technique.
Sulfonamides represent an important class of
medicinally important compounds which are
extensively used as antibacterial ag€rts The
synthesis of 1-aryl-6,7-dimethoxy-3,4-
dihydroisoquinoline-2(1H)-sulfonamides under
microwave irradiation showed that the presence of
sulfonamide group deepen the structure activity,
where it is capable to inhibit the enzyriies
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The aim of the present work is to synthesize
some new  2-substituted  methylene-4-oxo-4-
arylaminobutanoic acid and pyrrolidine-2,5-dione
derivatives as antimicrobial and cytotoxic compand
in an efficient procedure, offered by microwave
technique; short time with high yield and puritpda
also to study the factors affecting the reactiamshs
as structure of reactants, basicity of amines,edfett
of solvent.

2. Experimental
(E)-3-(3,4-dimethoxybenzylidene)dihydrofuran-
2,5-dione 1 and (E)-3-(benzo[d][1,3]dioxol-5-
ylmethylene)dihydrofuran-2,5-dione 2 were
preparedf and reacted with different sulfonamides (a-
g); N-phenyl-,  N-(4-methylphenyl)-,  N-(4-
methoxyphenyl)-, N-(4-chlorophenyl)-, N-(4-
nitrophenyl)-, N-(1-naphthyl)-, and N-benzyl-4-
aminobenzenesulfonamides (1:1) using microwave
irradiation and conventional thermal heating
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techniques. The factors affecting the reaction sagh
structure of reactants, basicity of amines, effefct
solvent, and technique, were also studied. Thdtgesu
obtained are given in Table 1.

General remarks

Microwave irradiation was carried out in a
Galanz  Microwave  Oven, WP1000AP30-2,
Chemistry Department, College of Women for Arts,
Science and Education, Ain Shams University.

Spectral measurements were carried out at
Micro Analytical Centre, Faculty of Science, Cairo
University, using:

(& FTIR: PERKIN-ELMER-1430,
Spectrophotometer.

(b) GCMS QP 1000 EX Shimaedzy; MS spectra.

(c) Varian Gemmi (300 MHz)}H-NMR spectra.

Biological activity: Antimicrobial screenings
were measured in the Botany Department, College of
Women for Arts, Science, and Education, Ain Shams
University, Cairo, Egypt.

Cytotoxic measurements were carried out in the
National Institute of Cancer, Cairo University, fqi
Egypt.

Solvent-free microwaveirradiation technique
General procedure

In a microwave oven (1000 watt, 30-80% of its
total power) a grind equimolecular mixture of (E)-3
(3,4-dimethoxybenzylidene)dihydrofuran-2,5-diothe
or (E)-3-(benzol[d] [1,3] dioxol-5-
ylmethylene)dihydrofuran-2,5-dione 2 and
sulfonamide (a-g) was dry-irradiated in an open
vessel for 2-20 minutes. The reaction progress was
monitored by thin layer chromatography (TLC) until
no more unreacting starting materials were observed
The reaction mixture was then cooled down to the
room temperature and the product obtained was
dissolved in chloroform followed by washing the
organic layer several times with ice-cold dilute
hydrochloric acid to remove the unreacted amine.
Treatment of the organic layer with 10% ice-cold
sodium carbonate solution followed by acidification
of the aqueous layer with ice-cold concentrated
hydrochloric acid precipitated the produced (E)-2-
(3,4-dimethoxybenzylidene)-4-oxo-4-(4-(N-
arylsulfamoyl)phenylamino)butanoic aci@g,and 8
or (E)-2-(benzo[d] [1,3] dioxol-5-ylmethylene) -4-
0x0-4-(4-(N-arylsulfamoyl)phenylamino)butanoic
acids 16,17,19, 21, and 22. Thoroughly washing of
the organic layer with water followed by its dryees
over anhydrous sodium sulfate and evaporation, gave
(E)-4-(3-(3,4-dimethoxybenzylidene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-aryl)benzenesulfonamides
10-15 or (E)-4-(benzo[d][1,3]dioxol-5-yImethylene)-
2,5-dioxopyrrolidin-1-yl)-N-(4-

Infrared

568

aryl)benzenesulfonamide&3-28, respectively. The
products obtained were crystallized from the
appropriate solvent and their structures were
confirmed by their spectral data; IIRINMR and MS
Yields of products are given in Table 1.
Conventional thermal heating technique
General procedure

A homogenous equimolecular mixture obr 2,
and different sulfonamides (a-g) in ethanol was
refluxed for 4-10 hrs. The reaction progress was
monitored by TLC. The reaction mixture was then
concentrated and the precipitate formed was filtere
off to give the corresponding butanoic acid
derivatives3-7 and9, or 16-20 and 22, respectively.
The products were dissolved in chloroform then
worked out in the same way as that given in the
solvent-free microwave irradiation technique. Ygld
of products are given in Table 1.
Biological activity: Antimicrobial screening

The antimicrobial screening of compounds5,
7,14, 17,18, 20, 25, and27, was carried out using the
disk diffusion method, inhibition zone diameter
(mm/mg sample) in DMSO as solvent. It showed that
all derivatives examined have antimicrobial activit
ranging from high to moderate values against;
Bacillus subtilis (G"), Saphylococcus aureus (GY),
Escherichia coli (G’), and Pseudomonas aeruginosa
(G).The results obtained are given in Table 2.
Medicinal application: Cytotoxic activity

Cytotoxic activity of compounds, 10, 12, 21,
and25 was tested by using Flouraciele as a reference
drug, against human breast carcinoma cell linegusin
the method reported by Skehanal.’®. The results
obtained are given in Table 2.
(E)-2-(3,4-Dimethoxybenzylidene)-4-oxo-4-(4-(N-
phenylsulfamoyl)phenylamino)butanoic acid (3);
White crystals from ethanoimp 142-143 °C 10%
yield in microwave and 65% yield in therm&TIR
(KBr): v (cm*) = 3460-3300 (2NH), 3500-2500 (OH,
acid), 1728 (CO, acid) and 1669 (CO, amide), 1267
(SO, asy.), and 1187 (SPsym.). MS: m/z = 497
(M*, 1%, GsH24N,0;S), 294 (5, GgH16NO3), 248 (3,
Ci13H120s or CioHioN20,S), 233 (0.65, GH1INO,S),
176 (25, GH1,0,), 161 (15, GoHgO,), 139 (1,
CeHsNOS), 133 (29, gHs0,), 131 (32, GH;0,), 119
(12, GHsNO), 115 (47, GHsNO3), 102 (61, GHe)
and 62 (100, NOS}H-NMR (DMSO-d;): & (ppm) =
3.7879 (3H, s, H-1), 3.8048 (3H, s, H-2), 3.830M,(2
s, H-7), 6.99 (1H, d, H-5), 7.0053-7.0466 (1H, g, H
4), 7.0894-7.1047 (1H, d, H-3), 7.202-7.262 (5H, m,
H-12), 7.3309 (1H, s, H-6), 7.499 (1H, s, H-8),
7.5326-7.551 (2H, d, H-9),7.8567-7.8735 (2H, d, H-
10), and 10.3985 (1H, s, H-11).
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Table 1: Comparison between yields of products resultechfthe microwave irradiation and conventional therm
heating techniques

Anhydridel Anhydride2
. . . Conventional thermal . . - Conventional thermal
Microwave irradiation . Microwave irradiation .
heating heating
Butanoic| Benzene | Butanoic| Benzene | Butanoic, Benzene | Butanoic| Benzene
acid sulfonamidg  acid sulfonamidg  acid sulfonamidg  acid sulfonamide
N-phenyl-4-
aminobenzenesulfonamige 3, 10% 10, 83% 3, 65% - 16, 33% 23, 50% 16, 55% -
(@)
N-(4-methylphenyl)-4-
aminobenzenesulfonamigde - 11, 92% 4, 75% - 17, 30% 24, 60% 17, 67% -
(b)
N-(4-methoxyphenyl)-4-
aminobenzenesulfonamigle - 12, 93% 5, 82% - - 25, 89% 18, 74% -
(c)
N-(4-clorophenyl)-4-
aminobenzenesulfonamige 6, 13% 13, 65% 6, 45% - 19, 37% 26, 40% 19, 45% -
(d)
N-(4-nitroyphenyl)-4-
aminobenzenesulfonamigle - 14, 93% 7, 40% - - 27,92% | 20, 36% -
(e)
-(1- A4- 0,

N (;L naphthyl)-4 1 8 75% 21, 69%
aminobenzenesulfonamigle - - - 21, - - -

8, 83% .
) 85%
N-benzyl-4- 28 5204
aminobenzenesulfonamige - 15, 82% 9, 55% - 22, 35% 28’900/9 22, 50% -
@ 7

* (in presence of DMF)

(E)-2-(3,4-Dimethoxybenzylidene)-4-oxo-4-(4-(N-
(4-methylphenyl)sulfamoyl)-

phenylamino)butanoic acid (4); White crystals from
ethanol,mp 105-107 °C 0% vyield in microwave and
75% yield in thermalFTIR (KBr): v (cm®) = 3500-
3200 (2NH), 3500-2800 (OH, acid), 1700 (CO, acid)
and 1687 (CO, amide), 1263(§Casy.), and 1156
(SO, sym.). MS: m/z = 510 (M 2%, GgH2eN-0;S),
492 (2, GeHo4N,O6S), 464 (1, GsH24N205S), 403 (2,
CiH1/NO;S), 288 (2, @H1.N20sS), 262 (46.5,
C13H1aN20,S), 107 (100, ¢HgN), 106 (74, GHgN),
and 92 (61, ¢Hy).
(E)-2-(3,4-Dimethoxybenzylidene)-4-oxo-4-(4-(N-
(4-methoxyphenyl)sulfamoyl)- phenylamino)
butanoic acid (5); White crystals from ethanolnp
212-214 °C0% vyield in microwave and 82% yield in
thermal. FTIR (KBr): v (cm®) = 3444-3263 (2NH),
3600-2800 (OH, acid), 1727 (CO, acid) and 1646
(CO, amide), 1233 (SQasy.), and 1155 (SOsym.).
MS: m/z = 526 (M, 0.04%, GgH,eN,OsS), 508
(0.03, GgH24N20;S), 480 (1, GsH24N.06S), 323 (1,
CiH17NOy), 319 (0.05, GHisN.04S), 278 (17.5,
Ci1aH1aN03S), 249 (8.5, @Hi:0s), 248 (60,
Cy3H1205 or ClelzNzozs), 247 (2, @3H13NO4), 122
(100, GHgNO), 115 (11, GHsNOs), 92 (13, GHeN),
and 63 (22.5, HNOS).

569

(E)-2-(3,4-Dimethoxybenzylidene)-4-oxo-4-(4-(N-
(4-chlorophenyl)sulfamoyl)- phenylamino)
butanoic acid (6); Yellow crystals from ethanomp
144-146 °C 13% yield in microwave and 45% vyield
in thermal. FTIR (KBr): v (cm®) = 3446 and 3373
(2NH), 3200-2500 (OH, acid), 1729 (CO, acid) and
1669 (CO, amide), 1268 ($Qasy.), and 1187 (SO
sym.). MS: m/z = 5309 (M 0.12%,
CosH23CINLO;S), 294 (2.3, gH1eNO3), 282 (0.14,
CoH11CINLO,S), 248 (3, &&H120s), 247 (0.5,
C13H13NO4), 176 (5.5, gH1,0,), 161 (2.5, GHO,

or GH;NO,), 126 (35, GHsNCI), 115 (12,
C4HsNOs), 101 (38, @Hs), and 62 (100, NOS).
(E)-2-(3,4-Dimethoxybenzylidene)-4-oxo-4-(4-(N-
(4-nitr ophenyl)sulfamoyl)phenylamino)-butanoic
acid (7); Brown crystals from ethanomp 188-190
°C, 0% vyield in microwave and 40% yield in thermal.
FTIR (KBr): v (cm™) = 3441 and 3300 (2NH), 3500-
2400 (OH, acid), 1732 (CO, acid) and 1660 (CO,
amide), 1267 (S§ asy.), and 1156 (SOsym.). MS:
m/z = 541 (M, 1%, Q5H23N3OQS), 294 (25,
CisHieNO3), 293 (0.5, @Hj1iN3O4S), 248 (2,
C13H120s), 176 (4, G1H120), 175 (2, GiH1,0,), 161
(1.5, GoH¢O,), 138 (1, GHeNO,), 115 (7,
C4HsNO3), 102 (29, @He), and 62 (100, NSO).
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(E)-2-(3,4-Dimethoxybenzylidene)-4-oxo-4-(4-(N-
(1-naphthyl)sulfamoyl)phenylamino)-butanoic

acid (8); Pale violet crystals from ethanahp 130-
132 °C 75% vyield in microwave, 83% in microwave
with DMF, and 0% vyield in thermaETIR (KBr): v
(cm) = 3475-3250 (2NH), 3500-2800 (OH, acid),
1674 (CO, acid) and 1627 (CO, amide), 1261 £SO
asy.), and 1154 (SQsym.). MS: m/z = 546 ()
0.37%, GgH2eN20O;S), 248 (0.48, GH:,.0s or
C1oH1oN05S), 161 (2, GHO, or GHgN,O,S or
CoH;NOy), 156 (2, GHeNO,S), 142 (4, GHgN), 128
(0.54, GgHg), 115 (100, GHsNOs), 102 (2, GHe), 65
(47, HSQ), and 62 (72, NOS).
(E)-2-(3,4-Dimethoxybenzylidene)-4-oxo-4-(4-(N-
benzylsulfamoyl)phenylamino)-butanoic acid (9);
White crystals from ethanolmp 219-222 °C 0%
yield in microwave and 55% yield in therm&TIR
(KBr): v (cm?) = 3443 and 3300 (2NH), 3500-2800
(OH, acid), 1731 (CO, acid) and 1660 (CO, amide),
1264 (SQ, asy.), and 1160 (SOsym.). MS: m/z =
510 (M, 0%, GgH,gNLO;S), 466 (0.01,
CosH26N205S), 464 (0.01, &H.4N,OsS), 356 (0.12,
CigH16N204S), 295 (100, €H:/NOg), 294 (99.5,
CigHieNO3), 290 (1, GH14N,OsS), 250 (27,
CigHeN.O,S), 249 (87, GHsN,0O,), 247 (80,
CisHi1sNO,), and 176 (100, GH1,0,). 'H-NMR
(DMSO-d;): 3 (ppm) = 3.831 (3H, s, H-1), 3.85 (3H,
s, H-2), 3.901 (2H, s, H-7), 4.035-4.056 (2H, d, H-
12), 7.070-7.098 (1H, d, H-5), 7.277 (5H, s, H-13),
7.566 [(1H, d, H-3) & (1H, q, H-4)], 7.592-7.620
[(2H, d, H-9) & (1H, imp, H-6)], 7.932-7.960 [(2H,
H-10) & (1H, imp, H-8)], and 8.246 (1H, t, H-12).
(E)-4-(3-(3,4-Dimethoxybenzylidene)-2,5-diox
opyrrolidin-1-yl)-N-(4-phenyl)benzene-

sulfonamides (10); Yellow crystals from benzene,
mp 138-140 °C 83% yield in microwave and 0%
yield in thermal FTIR (KBr): v (cm*) = 3248 (NH),
1766 and 1710 (2CO, imide), 1266 (S@sy.), and
1160 (SQ, sym.). MS: m/z = 478 (VM 18%,
CosH2oNO6S), 463 (6, GsHoN.0sS), 401 (8,
CigH17N2O6S), 400 (6, GH1eN2OgS), 328 (8,
Ci1eH12N204S), 294 (16, GHiNO3), 247 (28,
Ci13H1o:NOy), 176 (19, GH1,0,), 161 (8, GoHeO, or
CgH;NO,), and 149 (100, §H,0,).
(E)-4-(3-(3,4-Dimethoxybenzylidene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-methylphenyl)-
benzenesulfonamide (11); Brown crystals from
benzenemp over 300 °C 92% vyield in microwave
and 0% vyield in thermaFTIR (KBr): v (cm?) = 3247
(NH), 1765 and 1707 (2CO, imide), 1277 (S@sy.),
and 1158 (S@ sym.). MS: m/z = 492 (K 32%,
CoeH2aN206S), 491 (46, GH2sN.06S), 322 (41,
CiH16NOy), 288 (42, GH1N,OsS), 176 (39,
CuH1,0,), 156 (44, GH,NOS), and 107 (100,
C;HoN). 'H-NMR (DMSO-d): & (ppm) = 2.203 (3H,
s; H-13), 3.8 (2H, s., H-7), 3.852 [6H, s, (H-1)(&-

570

2)], 6.48-6.52 (1H,d, H-5), 6.9-7.2 (2H, d, H-12),
7.564-7.9 [(2H, d, H-9), (2H, d, H-8), (1H, g, H;4)
(1H, d, H-3), and (1H, d, H-11)], and 10.3 (1HHs,
10).

(E)-4-(3-(3,4-Dimethoxybenzylidene)-2,5-
dioxopyrralidin-1-yl)-N-(4-methoxyphenyl)-
benzenesulfonamide (12); Grey crystals from
ethanol,mp 193-195 °C93% yield in microwave and
0% vyield in thermal FTIR (KBr): v (cm?) = 3244
(NH), 1750 and 1707 (2CO, imide), 1388 (S@sy.),
and 1161 (S@ sym.). MS: m/z = 508 (K 13%,
C26H24N207S), 480 (4, G5H24Nzoes), 479 (5,
CosH23N206S), 322 (9.5, @HiNO,), 306 (3,
CiHiaN2Oy), 252 (4, GHgN,O,S), 176 (8,
C11H1202), 122 (100, @"gNO), 108 (13, Q"gO), and
97 (10.5, GH; NO,). *H-NMR (DMSO-d): & (ppm)
= 3.671 (2H, s, H-7), 3.776-3.886 [9H, s, (H-1),(H
2), and (H-13)], 6.917-6.961 [(2H, d, H-12) and
(1H,d, H-5)] 7.046-7.141 [(1H, q, H-4), (1H, d, H;3
and (1H, imp, H-6)], 7.549-7.593 [(2H, d, H-8) and
(2H, d, H-11)], 7.875-7.897 (2H, d, H-9), and 10104
(1H, s, H-10).
(E)-4-(3-(3,4-Dimethoxybenzylidene)-2,5-

dioxopyrr olidin-1-yl)-N-(4-chlor ophenyl)
benzenesulfonamide (13); Yellow crystals from
benzenemp 115-118 °C 65% yield in microwave
and 0% vyield in thermaFTIR (KBr): v (cm™) = 3241
(NH), 1766 and 1707 (2CO, imide), 1270 (S@sy.),
and 1157 (S@ sym.). MS: m/z = 512 (K 20%,
CosH21CINLOgS), 484 (11.6, &H,:CIN,OsS), 478
(11, GsH22N206S), 360 (14, &H1oCIN,O,S), 360
(14, GeHgCINL,O,4S), 322 (60, GH16NOy), 176 (83,
C1iH1:0), 175 (20, GH;10,), 161 (68, GoHO,),
156 (80, GHNO,S), 126 (46, gHsNCI), 111 (21,
CeH4NCI), 102 (24, GHg), 92 (100, GHgN), and 63
(54, HNOS).
(E)-4-(3-(3,4-Dimethoxybenzylidene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-nitr ophenyl)
benzenesulfonamide (14); Brown crystals from
ethanol,mp 178-180 °C93% yield in microwave and
0% vyield in thermal FTIR (KBr): v (cm') = 3240
(NH), 1764 and 1711 (2CO, imide), 1277 (S@sy.),
and 1159 (S@ sym.). MS: m/z = 523 (N 0%,
CosHaiN3OgS), 477 (5, &H21N206S), 361 (5,
C15H11N3068), 320 (5, %H10N305S), 175 (7,
C1iH110;), 149 (100, GHyO;), 138 (14, GHeN2O;),
and 63 (21, HNOS).
(E)-4-(3-(3,4-Dimethoxybenzylidene)-2,5-
dioxopyrrolidin-1-yl)-N-benzylbenzene

sulfonamide (15); White crystals from benzenenp
212-214 °C82% yield in microwave and 0% yield in
thermal.FTIR (KBr): v (cm™) = 3280 (NH), 1761 and
1709 (2CO, imide), 1330 (SOasy.), and 1155 (SO
sym.). MS: m/z = 492 (M 61%, GgH»4N,OgS), 461
(2, GsH2N,OsS), 356 (3, GeH1eN204S), 322 (8,
CigHieNOy), 290 (2, G4H1N205S), 251 (4,
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CioH/N,O,S), 176 (44, @H1,0,), and 106 (100,
C;HgN). 'H-NMR (DMSO-d;): & (ppm) = 3.518 (2H,
s, H-7), 3.771 (3H, s, H-1), 3.801 (3H, s, H-2)9R-
4.126 (2H, d, H-11), 7.48-6.52 (1H, d, H-5), 7.001-
7.182 (5H, s, H-12), 7.04-7.059 (1H, q, H-4), 7.059
7.088 [(1H, d, H-3) and 1H, imp, H-6)], 7.252 (2H#,
H-8), 7.874 (2H, d, H-9), and 8.516-8.545 (1H, t, H
10).
(E)-2-(Benzo[d][1,3]dioxol-5-yImethylene)-4-oxo-4-
(4-(N-phenylsulfamoyl)phenylamino)- butanoic
acids (16); White crystals from ethanohmp 196-198
°C, 33% vyield in microwave and 55% yield in
thermal. FTIR (KBr): v (cm™) = 3282 (2NH), 3600-
2500 (OH, acid), 1663 (2CO, acid and amide), 1243
(SO, asy.), and 1161 (SOsym.). MS: m/z = 480.5
(M*, 0%, G H,N,0;S), 462 (2, GH1gN,OgS), 248
(32, G H12N,0,S), 232 (37, &HgOs), 160 (41,
CioHg0y), 159 (14, GH;O,), 156 (60, GHsNO,S),
130 (14, GHeO), 115 (2, GHsNOs3), 102 (52, GHg),
92 (94, GHeN), 65 (100, HSE), and 62 (100, NOS).
(E)-2-(Benzo[d][1,3]dioxol-5-yImethylene)-4-oxo-4-
(4-(N-(4-methylphenyl)sulfamoyl)
phenylamino)butanoic acid (17); White crystals
from ethanol,mp 192 °C 30% yield in microwave
and 67% yield in thermalETIR (KBr): v (cm?) =
3266 and 3110 (2NH), 3600-2200 (OH, acid), 1690
(CO, acid) 1666 (CO, amide), 1242 ($@sy.), and
1155 (SQ, sym.). MS: m/z = 4945 (M 0.2%,
CosH2NL07S), 248 (0.2, ©H1.N,0,S), 247 (0.2,
C13H1sNOsS), 160 (0.54, ¢HgO,), 106 (45, GHgN),
102 (32, GHe), 91 (16, GH;), 77 (63, GHs), 65
(27.5, HSQ), and 62 (100, NOSJH-NMR (DMSO-
dg): & (ppm) = 2.174 (3H, s, H-13), 3.65 (2H, s, H-6),
6.048 (2H, s, H-1), 6.405-6.45 (1H, d, H-2), 6.998
(1H, d, H-12), 7.389-7.399 (2H, d, H-8), 7.405-260
[3H, m, (H-3), (H-4) & (H-5)], 8.010-8.048 (2H, d,
H-11), 8.389-8.402 (2H, d, H-9), 10.01 (1H, s, H-7)
10.6 (1H, s, H-10), and 12.4 (1H, broad, H-14).
(E)-2-(Benzo[d][ 1,3]dioxol-5-yImethylene)-4-oxo-4-
(4-(N-(4-methoxyphenyl)sulfamoyl)
phenylamino)butanoic acid (18); Pale greycrystals
from ethanol, mp over 300 °C 0% vyield in
microwave and 74% vyield in therm&TIR (KBr): v
(cm™) = 3436 (2NH), 3400-2600 (OH, acid), 1711
(CO, acid), 1636 (CO, amide), 1248 (S@sy.), and
1138 (SQ, sym.). MS: m/z = 510 (M 0%,
CosH2oNOgS), 278 (23, @H14N20sS), 232 (4,
C12HgOs or CoH1gNO,S), 175 (18, GH-O3), 160 (9,
C10Hg0y), 122 (2, GHgNO), and 93 (2, gHsO).
(E)-2-(Benzo[d][1,3]dioxol-5-yImethylene)-4-oxo-4-
(4-(N-(4-chlor ophenyl)sulfamoyl)
phenylamino)butanoic acid (19); White crystals
from ethanol, mp 134-136 °C 37% yield in
microwave and 45% vyield in therm&TIR (KBr): v
(cm®) = 3450 (2NH), 3600-2500 (OH, acid), 1731
(CO, acid), 1662 (CO, amide), 1251 ($@sy.), and
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1167 (SQ, sym.). MS: 514 (M, 1%,
C24H1sCIN2O;S), 232 (5, @HgOs or Ci:H10NO,S),
175 (2, GoH;03), 160 (1, GgHgO,), 157 (0.82,
CeH;NO,S), 127 (1, GHeNCI), 92 (2, GHgN), 65 (6,
HSGO,), and 62 (100, NOS).
(E)-2-(Benzo[d][1,3]dioxol-5-yImethylene)-4-oxo-4-
(4-(N-(4-nitr ophenyl)sulfamoyl)-
phenylamino)butanoic acid (20); Brown crystals
from ethanolmp 140-141 °C0% yield in microwave
and 36% yield in thermalFTIR (KBr): v (cm?) =
3386 (2NH), 3400-2500 (OH, acid), 1731 (CO, acid),
1662 (CO, amide), 1252 ($Qasy.), and 1166 (SO
sym.). MS: m/z = 525.5 (M 0%, G4H1aN30.S), 293
(3, CoH11N3O,4S), 278 (70, GH1gN2O,S), 277 (100,
CioHg N204S), 232 (955, GHgOs or CleloNOZS),
175 (67, GoH;0s), 160 (40, GuHgO,), and 93 (0.2,
CeHsO).
(E)-2-(Benzo[d][1,3]dioxol-5-yImethylene)-4-oxo-4-
(4-(N-(1-naphthyl)sulfamoyl)-

phenylamino)butanoic acid (21); Pale violetcrystals
from ethanol, mp 130-132 °C 69% yield in
microwave, 75% yield in microwave with DMF, and
0% yield in thermalFTIR (KBr): v (cm*) = 3302 and
3227 (2NH), 3300-2800 (OH, acid), 1715 (CO, acid),
1666 (CO, amide), 1256 ($Qasy.), and 1150 (SO
sym.). MS: m/z = 530.5 (K 0%, GgH»N,0;S), 159
(0.37, GgH;0,), 156(2, GHENO,S) 142 (5.4,
CioHgN), 128 (0.32, GHg), 115 (100, GHsNOs or
CqH7), 102 (0.85, GHg), 65 (42, HSQ), and 63 (29,
HNOS).
(E)-2-(Benzo[d][1,3]dioxol-5-ylmethylene)-4-oxo-4-
(4-(N-(4-benzylsulfamoyl)- phenylamino)butanoic
acid (22); White crystals from ethanolnp 222-223
°C, 35% vyield in microwave and 50% vyield in
thermal. FTIR (KBr): v (cm?) = 3297 and 3200
(2NH), 3500-2200 (OH, acid), 1695 (CO, acid), 1664
(CO, amide), 1243 (SQasy.), and 1161 (SOsym.).
MS: m/z = 494.5 (M, 0.54%, GsH,:N,0O;S), 262
(31, GzHiN,0,S), 232 (94, GHgOs), 160 (87,
Ci0Hg0,), 159 (24, GH-0,), 106 (67, GHgN), 102
(77, GHe), 91 (53, GH-), 65 (69, HSQ), and 63 (33,
HNOS).’"H-NMR (DMSO-d): 5 (ppm) = 3.856 (2H,
s, H-6), 4.041-4.062 (2H, d, H-11), 6.126 (2H, s, H
1), 7.042-7.069 (1H, d, H-2), 7.235-7.290 [8H, H; (
3), (H-4), (H-5) & (H-12)], 7.541 (1H, s, H-7), B5-
7.614 (2H, d, H-8), 7.930-7.959 (2H, d, H-9), and
8.224-8.265 (1H, t, H-10).
(E)-4-(3-(Benzo[d][1,3]dioxol-5-yImethylene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-
phenyl)benzenesulfonamides (23); Yellow crystals
from benzene,mp 226-227 °C 50% vyield in
microwave and 0% vyield in thermdTIR (KBr): v
(cm™) = 3255 (NH), 1762 and 1704 (2CO, imide),
1246 (SQ, asy.), and 1163 (SOsym.). MS: m/z =
462 (M, 70%, G4H1gN-OgS), 370 (5, GH1.NOS),
306 (90, GgH1oNOy), 232 (69, GHgOs), 231 (7,
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C1o2HgNO,), 160 (100, GHgO,), 159 (47, GoH-O,),
102 (98, GHg), 92 (71, GHeN), 65 (67, HS®), and
63 (40, HNOS).
(E)-4-(3-(Benzo[d][1,3]dioxol-5-yImethyleng)-2,5-
dioxopyrrolidin-1-yl)-N-(4-
methylphenyl)benzenesulfonamide (24); Yellow
crystals from benzenenp 190-194 °C 60% vyield in
microwave and 0% vyield in thermdtTIR (KBr): v
(cm®) = 3267 (NH), 1770 and 1706 (2CO, imide),
1245 (SQ, asy.), and 1163 (SOsym.). MS: m/z =
476 (M, 20%, GsH-oN,QgS), 160 (22, @Hs0), 134
(25, GHg0O,), 122 (36, GH4NS), 106 (23, €HgN),
102 (33, GHg), 97 (37, GH3NO,), 91 (21.5, GHy),
62 (32, NOS), and 57 (100,l€;NO).
(E)-4-(3-(Benzo[d][1,3]dioxol-5-yImethylene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-
methoxyphenyl)benzenesulfonamide (25); Grey
crystals from ethanoimp 210-211 °C 89% yield in
microwave and 0% vyield in thermdtTIR (KBr): v
(cm) = 3261 (NH), 1769 and 1704 (2CO, imide),
1250 (SQ, asy.), and 1166 (SOsym.). MS: m/z =
492 (M, 10%, GsHaoN,0;S), 463 (3, GH1oN,06S),
232 (2, GoHiNO,S), 231 (1.5, &H.Oy), 175 (2,
Ci0H705), 160 (13, GoHsO;), 122 (100, GHgNO),
102 (8, GHe), 92 (9.5, GHEN), and 65 (14, HS).
'H-NMR (DMSO-d): & (ppm) = 3.67 (2H, s, H-6),
3.834 (3H, s, H-12), 6.123 (2H, s, H-1), 6.791-6.80
(1H, d, H-2), 7.031-7.194 [4H, m, (H-3), (H-4) & {H
11)], 7.238-7.355 (2H, d, H-7), 7.645 (1H, imp, H-5
7.765 (2H, d, H-10), 7.875-7.897 (2H, d, H-8), and
10.094 (1H, s, H-9).
(E)-4-(3-(Benzo[d][1,3]dioxol-5-yImethylene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-
chlorophenyl)benzenesulfonamide (26); Yellow
crystals from benzenenp 122-124 °C 40% yield in
microwave and 0% vyield in thermdtTIR (KBr): v
(cm®) = 3244 (NH), 1760 and 1711 (2CO, imide),
1257 (SQ, asy.), and 1167 (SOsym.). MS: m/z =
498 (M+1, 7%, GH1sCIN,OgS), 306 (7, GgH12NO,),
232 (100, GHgOs or CleloNOZS), 175 (20,
Ci10H70s), 160 (37, GoHgO,), 159 (37, GH,0O,), 127
(14, GHgNCI), 102 (85, GHg), 92 (24, GHeN), 65
(31.5, HSQ), and 63 (64, HNOS).
(E)-4-(3-(Benzo[d][1,3]dioxol-5-yImethyleng)-2,5-
dioxopyrrolidin-1-yl)-N-(4-
nitrophenyl)benzenesulfonamide  (27); Brown
crystals from benzenenp 178-180 °C 92% vyield in
microwave and 0% vyield in thermdTIR (KBr): v
(cm') = 3251 (2NH), 1768 and 1711 (2CO, imide),
1244 (SQ, asy.), and 1164 (SPOsym.). MS: m/z =
507.5 (M, 3%, G4H17N30gS), 370 (3, GH1o.NOgS),
278 (3, GoH1oN2O4S), 232 (17, &HiNO,S), 175 (3,
C]_OH703), 160 (100, G_:()HSOQ), 102 (725, g_|6)a 92
(15, GHgN), 65 (20, GHs), and 63 (32.5, HNOS).
(E)-4-(3-(Benzo[d][1,3]dioxol-5-yImethyleng)-2,5-
dioxopyrrolidin-1-yl)-N

572

benzylbenzenesulfonamide (28); Yellow crystals
from benzene,mp 212-214 °C 52% vyield in
microwave , 90% yield in microwave with DMF, and
0% vyield in thermal FTIR (KBr): v (cm*) = 3219
(NH), 1757 and 1697 (2CO, imide), 1261 (S@sy.),
and 1170 (S@ sym.). MS: m/z = 476.5 (M 4%,
CosHooN206S), 371 (2.5, GH13NOgS), 307 (4,
CigH1o,NO,), 289 (2.5, GHiN,0OsS), 231 (3,
C12HgN), 160 (19.5, GHgO,), 106 (100, GHgN), 102
(16, GHe), 91 (45, GH;), 65 (36.5, HS@), and 63
(14, HNOS)."H-NMR (DMSO-d;): & (ppm) = 3.65
(2H, imp, H-6), 4.048-4.104 (2H, d, H-10), 6.134
(2H, s, H-1), 7.077-7.099 (1H, d, H-2), 7.283-7.295
(5H, s, H-11), 7.593-7.601 [5H, m, (H-3), (H-4),-(H
5) & (H-7)], 7.895-7.947 (2H, d, H-8), and 8.314H(1

t, H-9).

3. Resultsand Discussion

Microwave irradiation of anhydride (E)-3-(3,4-
dimethoxybenzylidene)dihydrofuran-2,5-diong or
(E)-3-(benzo[d][1,3]dioxol-5-
ylmethylene)dihydrofuran-2,5-dione2 with  N-
phenyl-4-aminobenzenesulfonamide (a) as
unsubstituted amine gave separable mixtur@s,
(10%), 10 (83%), and 16 (33%), 23 (50%),
respectively. This can be attributed to the lowidigs
of the reacted amine. Also with N-(4-chlorophenyl)-
4-aminobenzenesulfonamide (d) that containing the
electron attracting chlorine atom, both anhydrides
and 2 formed separable mixtures frof (13%), 13
(65%) and19 (37%), 26 (40%), respectively. These
results can be ascribed to the low nucleophilicity
the nitrogen atom in the amido group, due to the
presence of the electron withdrawing chlorine atom,
which causes incomplete transformation of the
resulted butenamide to the cyclic compound.

However, microwave irradiation of anhydride
or 2, with N-4-methoxyphenyl-4-
aminobenzenesulfonamide (c) gave the corresponding
(E)-4-(3-(3,4-dimethoxybenzylidene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-
methoxyphenyl)benzenesulfonamid&2 (93%) or
(E)-4-(3-(benzo[d][1,3]dioxol-5-yImethylene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-methoxyphenyl)
benzenesulfonamides (89%) as only products. This
can be attributed to the high basicity of the etatt
releasing methoxyl group in amine (c) which
facilitates the intramolecular nucleophilic attaok
the amido nitrogen on the carbonyl carbon.

On the other hand in spite of the low basicity of
N-4-nitrophenyl-4-aminobenzenesulfonamide (e) due
to the presence of the electron attracting nitimugr
both of anhydridesl and 2 gave the corresponding
(E)-4-(3-(3,4-dimethoxybenzylidene)-2,5-
dioxopyrroliden-1-yl)-N-(4-
nitrophenyl)benzenesulfonamidd (93%) and (E)-4-

an
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(3-(benzo[d][1,3]dioxol-5-ylmethylene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-nitrophenyl)
benzenesulfonamidg? (92%), as only products. This
could be ascribed to the microwave effects on the
dipolar nitro group in amine (e) where microwave
thermal and specific non-purely thermal effects,
resulted from material-wave interactidhsled to
further intramolecular nuchleophilic attack by the
amido nitrogen on the carbonyl carbon. The greater
the polarity of a molecule, the more pronounced
microwave effects to enhance the formation of the
cyclic product. The combination of these two
contributions can be responsible for regiospecific

selectivity and the formation of the cyclic
compounds.
Reaction of N-(4-methylphenyl)-4-

aminobenzenesulfonamide (b) with anhydridgave
(E)-4-(3-(3,4-dimethoxybenzylidene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-methylphenyl)-
benzenesulfonamidél (92%) as an only product,
whereas with anhydrid2 it gave a separable mixture
from  (E)-2-(benzo[d][1,3]dioxol-5-ylmethylene)-4-
0X0-4-(4-(N-(4-methylphenyl) sulfamoyl)
phenylamino)butanoic acid7 (30%), and (E)-4-(3-
(benzol[d][1,3]dioxol-5-yImethylene)-2,5-
dioxopyrrolidin-1-yl)-N-(4-methylphenyl)
benzenesulfonamid24 (60%). These results can be
explained on the basis of the anhydrides structure
where in anhydrid® the distortion exerted by the 2-
benzo[d][1,3]dioxol moiety, could decrease the
complete coplanarity, that is necessary for ring
closure, to form the corresponding pyrrolidine-2,5-
dione, to be an only product.

On the other hand with N-(1-naphthyl)- 4-
aminobenzenesulfonamide (f), anhydridesand 2,
produced (E)-2-(3,4-dimethoxybenzylidene)-4-o0xo-4-
(4-(N-(1-naphthyl)sulfamoyl)-phenylamino) butanoic
acid 8 (75%) and (E)-2-(benzo[d][1,3]dioxol-5-
ylmethylene)-4-oxo-4-(4-(N-(1-
naphthyl)sulfamoyl)phenylamino)butanoic aci@l
(69%), respectively, as only products. This resat
be ascribed to the low nucleophilicity of the amido
nitrogen towards further attack on the carbonyl
carbon.

However, microwave irradiation of N-benzyl-4-
aminobenzenesulfonamide (g), as a relatively high
basic aliphatic amine, with compound gave
benzenesulfonamide derivatii® (82%) as an only
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product, whereas with compound, it gave a
separable mixture fror22 (35%) and 28 (52%). In
presence of the aprotic solvent DMF, compound
gave with amine (g)28 (90%) as an only product.
The presence of the aprotic solvent (DMF), caused
the super heating effect in the microwave irradiati
where the energy transferred from large excess
solvent molecules to the reaction mixture. The
presence of solvent also slightly enhanced thel wél
the products where microwave irradiation reactioihs
compoundl or 2 with amine (f), in DMF gave the
corresponding butanoic acids in slightly betteddse

8 (83%), 21 (75%) instead of (75%) and (69%),
respectively. This result indicated that in suataae,

no more agitation or molecules reorientation could
take place by microwave irradiation, to allow fugth
intramolecular nucleophilic attack by the nitrogen
atom of amido group on the carbonyl carbon to form
the cyclic compound (Schemes 1 and 2).

Thermal conventional heating technique

Conventional  thermal  condensation  of
anhydrides 1 or 2 with N-substituted aryl-4-
aminobenzenesulfonamides (a-e, and g) gave the
corresponding  (E)-2-(3,4-dimethoxybenzylidene)-4-
0Xx0-4-(4-(N-arylsulfamoyl)-  phenylamino)butanoic
acids 3-7 and 9, and (E)-2-(benzo[d][1,3]dioxol-5-
ylmethylene)-4-oxo-4-(4-(N-arylsulfamoyl)-
phenylamino) butanoic acids16-20, and 22,
respectively.

However, with amine (f), all trials carried out
for its reaction withl or 2, under reflux or fusion,
were unsuccessful. These results were attributed to
the low basicity of amine (f).

In general, the results indicated that microwave
irradiation effects enhance the susceptibility wiido
nitrogen towards further intramolecular nucleoghili
attack to form the cyclic product, more than the
conventional thermal heat technique (Scheme 3).

Molecular structures of compounds28 were
assigned by their spectral analyses; IR, MS, %hd
NMR. Protons numbering ofH-NMR spectra of
some compounds are given in Figure 1.

The most pronounced antibacterial activities
with compounds5, 14, 17, 20 and 27 could be
attributed to the presence of carboxyl (COOH),
methoxyl (OCH), and nitro (NQ) groups.

The results of cytotoxic activity of screened
compounds showed low activity (Table 2).
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(15)

Figure 1:Protons Numbering dH-NMR Spectra
Table 2: Biological activities of some compounds

Antimicrobial Activitylnhibition zone (mm/mg sample Cytotoxic

Compound Bacillus  subtilis | E. Coli Pseudomonas Staphylococcus activity
(GH (G) aeruginosa (G) Aureus (G) IC50 pg/ml

4 13 13

5 14 15 15 16

7 13 13

8 20.7

10 20.7

12 16.7

14 13 13 14 13

17 16 12 - 20

18 18 13 --- 15

20 16 14 14

21 18.9

25 12 - — - 19.7

27 15 15 15 14

Flouraciele 2.97
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Conclusion

Microwave irradiation effects enhance the yield,
purity, regioselectivity, and cyclization, more thihe
conventional thermal heat effect. The distortion
exerted by the 2-benzo[d][1,3]dioxol moiety, could
decrease the probability of molecular coplanatiist t
is necessary for ring closure to form the
corresponding cyclic products. Aprotic solvent
(DMF), assists the super heating effect in the
microwave irradiation where the energy transfers
from large excess solvent molecules to the reaction
mixture so that it facilitates the formation of the
cyclic products and enhances the yields. Compounds
containing carboxyl (COOH), methoxyl (OGHand
nitro (NO,) groups showed high activity towards
antimicrobial activities. Compounds that screermd f
cytotoxic activity IC5Qug/ml showed low reactivity
towards it.
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