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Abstract: Aldol condensation reaction between 3-indolaldehyde 1 and 4-methoxyacetophenone 2 afforded chalcone
compounds 3. This compound was reacted with some different reagents such as hydrazine hydrate, phenyl
hydrazine, thiosemicarbazide, hydroxylamine, ethyl cyanoacetate, urea and thiourea to give pyrazolines 4a, 4b, 5a,
5b, 6, oxazoline 7, Michael adduct 8, pyranone 9, and oxo 14a and thiopyrimidine derivatives 14b, respectively. The
structures of all the compounds were confirmed by microanalyses and various spectral data. Some of the synthesized
new compounds were screened against antitumor and antimicrobial activity. [Journal of American Science
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1. Introduction

Indole nucleus is incorporated in various
natural products such as alkaloids and represented a
promising structural class of marine alkaloids based
upon their high degree of biological activity 1-5.
Indole nucleus was reported to possess a wide variety
of biological properties such as anti-tumor 6-10, anti-
inflammatory 11-13, anti-convulsant 14,
cardiovascular 15, and anti-bacterial 16. In addition,
the substitution at 3-position of the indole ring
connecting an extra heterocyclic ring such as
imidazole (topsentins 17 and nortopsentins 18);
dihydroimidazole (discodermindole 3); oxazole
(martefrgin 4 amazol 19); oxadiazine (alboinon 20);
(didemidines 21) furnished potent agents. Also
pyrazole 22, 23, pyridine 24 and pyrimidine 25
derivatives were found to possess a variety of

biological activities. Considering the above
observations and in connection to previous
publications involving the synthesis of new

biologically active hetero cycles 26-29. | hope to
report here in the synthesis of new 3-substituted
indoles incorporating an extra heterocyclic rings such
as pyrazole, pyridine and pyrimidine to evaluate their
antitumor (anti-proliferative) activities against both
of human breast cell line MCF- 7 and liver carcinoma
cell line HEPG2 and their antimicrobial activities.

2. Experimental
Chemistry

Melting points were determined in open
glass capillaries and are uncorrected. Elemental
analyses were carried out in the Micro Analytical
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Laboratory, Cairo University, Cairo, Egypt, IR
spectra of the compounds were recorded on a Perkin-
Elmer; spectrophotometer model 1430 using
potassium bromide pellets and frequencies were
reported in cm™. The mass spectra were recorded
using mass spectrometer HP model MS5988 El
70eV. 'HNMR spectra were measured on Varian
Mercury 300 MHz spectrometer and chemical shifts
were expressed in & ppm using TMS as internal
standard. Reactions were routinely followed by
(TLC).

3-(1H-Indol-3-yl)-1-(4-methoxyphenyl)prop-2-en-1-
one 3.

To a stirred mixture of 14.5 g indolaldehyde
1 (100 mmol) and 15.0 g 4-methoxyacetophenone 2
(100 mmol) in 200 mL ethanol at room temperature,
40% NaOH aqueous solution was added portion-
wise after which stirring was continued for further 2
hr. The pale yellow precipitate formed was filtered
and washed with 3% aqueous HCI, and crystallized
from ethanol to give chalcone 3 in 75% vyield, mp
124-126°C. IR (KBr): 3162 (NH), 1633 (C=0) cm™;
'H NMR (300 MHz, DMSO-dg): 3.83 (s, 3H, -
OCHg), 7.01-7.05 (m, 2H, Ar-H), 7.24-7.27 (m, 4H,
Ar-H), 7.49-7.52 (m, 2H, Ar-H ), 7.53 (d, 1H, J =
12.9 Hz, (C=0)(CH=C), 7.92 (d,1H , J = 129 Hz
(C=0)(C=CH), 8.11-8.30 (m, 1H, Ar-H ), 12.3 (s,
D,0-exchangeable, 1H, indole NH) ppm; MS (70
eV): miz = 278 (M™+1, 4.7), 277 (M", 15.0), 144
(100), 116 (39.5), 89 (37.3), 62 (38,6). Anal. Calcd.
for C1gHisNO,: C, 77.96; H, 5.45; N, 5.05 Found: C,
78.24; H, 5.59; N, 4.93.
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3-(4,5-Dihydro-3-(4-methoxyphenyl)-1H-pyrazol-5-
yl)-1H-indole 4a.

To a solution of 2.77 g chalcone 3 (10
mmol) in 50 mL of ethanol, 1.0 mL of hydrazine
hydrate (80%) was added and the reaction mixture
was refluxed for 4 hr , cooled to -10 °C and left over
night. The solid mass separated out was filtered,
washed with cold ethanol and crystallized from
ethanol to afford pyrazoline derivative 4a as pale
yellow crystals in 78% yield, mp 258-260°C; IR
(KBr): ¥ = 3215, 3170 (2NH), 1618 (C=N) cm™;
'"H NMR (300 MHz, DMSO-dg): & = 1.97 (m, 1H),
2.64 (m, 1H), 3.39 (m, 1H), 3.75 (s, 3H, -OCHj),
6.86-8.36 (m, 9H, Ar-H), 8.90 (s, D,O-exchangeable,
1H, pyrazoline NH), 11.65 (s, D20-exchangeable,
1H, indole NH) ppm; MS (70 eV): m/z = 291 (M,
7.3), 286 (94.9), 257 (100), 142 (36.3), 116 (45.4), 89
(47.2). Anal. Calcd. for CygH;7N3;O: C, 74.20; H,
5.88; N, 14.42. Found: C, 74.42; H, 5.67; N, 14.38.

3-(4,5-Dihydro-3-(4-methoxyphenyl)-1-phenyl-1H-
pyrazol-5-yl)-1H-indole 4b.

To a solution of 2.77 g of chalcone 3 (10
mmol) in 50 mL of ethanol, 5 mL of acetic acid and
1.1 g of phenyl hydrazine (10 mmol) was added. The
reaction mixture was refluxed for 8 hr and left over
night. The solid mass separated out was filtered off,
washed with ethanol and crystallized from ethanol to
give compound 4b as pale brown_crystals in 67%
yield, mp 258-260°C; IR (KBr): »* = 3169 (NH),
1633 (C=N) cm™; *H NMR (300 MHz, DMSO-de): &
= 2.00 (m, 1H), 2.51 (m, 1H), 3.11 (m, 1H), 3.35 (s,
3H, -OCH,), 6.85-7.00 (m, 2H, Ar-H), 7.18-7.21 (m,
2H, Ar-H), 7.24-7.26 (m, 1H, Ar-H), 7.27-7.30 (m,
4H, Ar-H) ,7.47-7.49 (m, 2H, Ar-H ), 8.32 (s, 1H,
Ar-H), 12.15 (s, D,O-exchangeable, 1H, indole NH)
ppm; MS (70 eV): m/iz = 367 (M"+1, 3.5), 368 (M",
2.8), 145 (100), 221 (10.7). Anal. Calcd for
Ca4H,1N3O: C, 78.45; H, 5.76; N, 11.44. Found: C,
78.43; H, 5.59; N, 11.48.

Synthesis of pyrazolines 5a, b

This reaction was carried out by the same
procedure described in the synthesis of compound 4a
by using acetic acid instead of ethanol in case of 5a
and propanoic acid in case of 5b.
1-(4,5-Dihydro-5-(1H-indol-3-yl1)-3-(4
methoxyphenyl)pyrazol-1-yl)ethanone 5a.

Pale yellow crystals, mp 288-290°C, yield
77%; IR (KBr): » = 3169 (NH), 1686 (C=0), 1627
(C=N) cm™; 'H NMR (300 MHz, DMSO-dq): & =
1.93 (m, 1H), 2.24 (s, 3H, -CH), 2.49 (m, 1H), 3.36
(s, 3H, -OCHy), 3.83 (m, 1H), 7.14-7.26 (m, 4H, Ar-
H), 7.27-7.49 (m, 2H, Ar-H), 7.90-7.92 (m, 1H, Ar-
H), 8.16-8.36 (m, 2H, Ar-H), 11.68 (s, D,O-
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exchangeable, 1H, indole NH) ppm; MS (70 eV): m/z
= 334 (M*+1, 2.4), 333 (M", 2.9), 286 (100), 257
(95.4), 116 (28.0). Anal. Calcd for CxHisN3O,: C,
72.05; H, 5.74; N, 12.60. Found: C, 71.87; H, 5.66;
N, 12.49.

1-(4,5-Dihydro-5-(1H-indol-3-yl)-3-(4-
methoxyphenyl)pyrazol-1-yl)propan-1-one 5b.

Yellow powder, mp 280-281°C, yield 73%;
IR (KBr): » = 3165 (NH), 1675 (C=0), 1630
(C=N) cm™; 'H NMR (300 MHz, DMSO-dq): & =
1.8-2.2 (t, 3H, -CH3), 2.01 (m, 1H), 2.70 (m, 1H),
2.62-2.74 (g, 2H, -CH,), 3.43 (m, 1H), 3.78 (s, 3H, -
OCHg), 6.86-6.88( m, 1H Ar-H ),6.90-6.93 (m, 2H,
Ar-H), 7.16-7.26 (m, 4H, Ar-H), 7.41-7.50 (m, 2H,
Ar-H), 11.52 (s, D,O-exchangeable, 1H, indole NH)
ppm; MS (70 eV): m/iz = 348 (M"+1, 1.8), 347 (M",
5.5), 142 (100), 131 (31.2). Anal. Calcd for
Cz1H21N30,: C, 72.60; H, 6.09; N, 12.10. Found: C,
72.44; H, 6.24; N, 12.26.

4,5-Dihydro-5-(1H-indol-3-yl)-3-(4-
methoxyphenyl)pyrazole-1-carbothioamide 6.

To a solution of 2.77 g of chalcone 3 (10
mmol) in 50 mL of ethanol, 1.0g of sodium
hydroxide (25 mmol) and 1.2 g of thiosemicarbazide
(12 mmol) was added. The mixture was refluxed for
6 hr then left to cool overnight, the formed solid
product was filtered off, dried, and then crystallized
from ethanol to give compound 6 as yellow powder
in 69% yield, mp 228-230 °C; IR (KBr): »” = 3316,
3227 (NH,, NH), 1606 (C=N), 1251 (C=S) cm™; *H
NMR (300 MHz, DMSO-dg): 6 = 2.22 (m, 1H),2.51
(m, 1H), 3.37 (m, 1H,), 3.80 (s, 3H, -OCHj3), 7.09-
7.20 (m, 2H, Ar-H), 7.23-7.44 (m, 4H, Ar-H), 7.81-
8.00 (m, 2H, Ar-H),8.24-8.31(m,1H, Ar-H), 11.11
(s, D,O-exchangeable, 2H, NH,), 11.60 (s, D,O-
exchangeable, 1H, indole NH), ppm; MS (70 eV):
m/z = 351 (M*+1, 1.6), 350 (M", 4.0), 142 (100), 217
(61.3), 200 (54.5), 116 (56.0). Anal. Calcd for
Ci9H1sN4OS: C, 65.12; H, 5.18; N, 15.99; S, 9.15.
Found: C, 65.04; H, 5.16; N, 16.12; S, 9.07.

3-(4,5-Dihydro-3-(4-methoxyphenyl)isoxazol-5-yl)-
1H-indole 7.

A mixture of 2.77 g of chalcone 3 (10
mmol), 0.7 g of hydroxylamine hydrochloride (10
mmol) and 1.4 g of anhydrous potassium carbonate
(10 mmol) in (50 mL) of ethanol was refluxed for 8
hr, then left to cool. The reaction mixture was poured
into cold water and the solid product was filtered off,
washed with water, dried and finally crystallized
from ethanol to afford isoxazole derivative 7 in 68 %
yield as _pale yellow crystals, mp 138-140 °C; IR
(KBr): » = 3386 (NH), 1640 (C=N) cm™; *H NMR
(300 MHz, DMSO-dg): 6 = 2.11 (m, 1H), 2.52 (m,
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1H), 3.47 (m, 1H) 3.72 (s, 3H, -OCHjy), , 7.12-7.16
(m, 2H, Ar-H), 7.19-7.23 (m, 4H, Ar-H), 7.43-7.50
(m,2H, Ar-H), 8.28-8.33 (m,1H, Ar-H), 11.61 (s,
D,0-exchangeable, 1H, indole NH) ppm; MS (70
eV): m/z = 293 (M™+1, 1.3), 292 (M", 4.8), 160
(98.1), 117 (100), 89 (36.6). Anal. Calcd for
CigH1sN,0,: C, 73.95; H, 5.52; N, 9.58. Found: C,
74.11; H, 5.41; N, 9.70.

Ethyl-2-cyano-3-(1H-indol-3-yl)-5-(4
methoxyphenyl)-5-oxopentanoate 8.

To a stirred solution of 2.77 g of chalcone 3
(10 mmol) and 1.3 g of ethyl cyanoacetate (10 mmol)
in 50 mL absolute ethanol, a sodium ethoxide
solution prepared from 0.23 g sodium metal (10
mmol) and 10 mL absolute ethanol was added. The
stirring was continued, at room temperature, for 12
hr. The solid product was collected by filtration,
washed with water, dried and finallycrystallised from
ethanol to afford compound 8 as pale yellow crystals
in 80 % yield, mp 240-241 °C; IR (KBr): »” = 3265
(NH), 2222 (C=N), 1715 (C=0) cm™; *H NMR (300
MHz, DMSO-dg): 6 = 1.11-1.20 (t, 3H, CHjy), 2.50-
2.56 (m, 2H (CH, -C=0), 3,35 (d, 1H), 3.58 (m, 1H)
, 3.81 (s, 3H, -OCH_), 4.37 (g, 2H, CH,),6.86-6.90(m,
1H Ar-H), 6.95-7.00 (m, 2H, Ar-H), 7.18-7.23 (m,
4H, Ar-H), 7.91-7.92 (m, 2H, Ar-H), 11.69 (s, D,O-
exchangeable, 1H, indole NH) ppm; MS (70 eV): m/z
= 391 (M'+1, 2.3), 390 (M, 8.0), 135 (68.5), 78
(798), 62 (100) Anal. Calcd for C,3H»,N,04: C,
70.75; H, 5.68; N, 7.17. Found: C, 70.61; H, 5.60; N,
7.33.

4-(1H-Indol-3-yl)-6-(4-methoxyphenyl)-2-oxo-2H-
pyran-3-carbonitrile 9.

Method A. This compound was synthesized
by the same procedure described in the synthesis of
compound 8 by refluxing the reaction mixture for 8
hr. The solid that formed after cooling was collected
by filtration, washed with water, dried and finally
crystallised from ethanol to afford compound 9 as
pale yellow crystals in 68% yield, mp 208-209 °C; IR
(KBr): V7 = 3274 (NH), 2222 (C=N), 1688 (C=0)
cm™; *H NMR (300 MHz, DMSO-dg): & = 3.31 (s,
3H, -OCH,), 7.12-7.22 (m, 2H, Ar-H) ,7.32 ( s,
1H,C5), 7.55-7.58 (m, 4H, Ar-H), 7.93-7.96 (m, 2H,
Ar-H), 854-8.55 (m, 1H, Ar-H), 12.48 (s, D,0O-
exchangeable, 1H, indole NH) ppm; MS (70 eV): m/z
= 343 (M™+1, 2.9), 342 (M", 11.2), 212 (100), 168
(80.4), 140 (64.4), 113 (26.4). Anal. Calcd for
CH14N,05: C, 73.68; H, 4.12; N, 8.18. Found: C,
73.74; H, 4.26; N, 8.03.

Method B. Refluxing 0.78 g of compound 8
(2 mmol) in sodium ethoxide solution prepared from
0.046 g sodium metal (2 mmol) and 50 mL absolute
ethanol for 6 h. the treatment of reaction mixture as
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mentioned in method A resulted in a compound
identical in (mp. and mix. mp. for compound that
produced by method A.

General procedure for synthesis of pyridines 11 and
13a-13d

To a solution of 0.69 g of the pyranone 9 (2
mmol) in 30 mL of ethanol, hydrazine hydrate or the
appropriate sulfonamides 12a-d (2 mmol) was added.
The mixture was refluxed for 6 h. Left to cool, the
formed solid product was filtered off, dried, and then
crystallized from ethanol/DMF to give compounds 11
and 13a-d, respectively.

1,2-Dihydro-4-(1H-indol-3-yl)-6-(4-methoxyphenyl)-
2-0x0-1-aminopyridine-3-carbonitrile 11.

Yellow powder, yield 62%, mp 295-297 °C;
IR (KBr): 27 =3320, 3190 (NH,, NH), 2219 (C=N),
1665 (C=0), cm™; *H NMR (300 MHz, DMSO-dg): &
= 2.51(s, D,O-exchangeable, 2H, NH,), 3.34 (s, 3H, -
OCHgy), 7.22-7.29 (m, 2H, Ar-H), 7.33-7.55 (m, 4H,
Ar-H), 7.59-7.93 (m, 2H, Ar-H), 9.11 (m, 1H, Ar-H),
11.69 (s, D,O-exchangeable, 1H, indole NH) ppm;
MS (70 eV): m/z = 357 (M"+1, 2.5), 356 (M", 10.3),
281 (40.2), 78 (70.3), 62 (100). Anal. Calcd for
Cu1H16N4O,: C, 70.77; H, 4.53; N, 15.72. Found: C,
70.59; H, 4.50; N, 15.86.

1,2-Dihydro-4-(1H-indol-3-yl)-6-(4-methoxyphenyl)-
2-0x0-1-(4-aminosulfonylphenyl)pyridine-3-
carbonitrile 13a.

Pale yellow crystals, yield 65%, mp 248-249
°C; IR (KBr): » = 3364, 3150 (NH,, NH), 2221
(C=N), 1686 (C=0), 1375 (S=0O, asy.) and 1140
(S=0, sym.) cm™; *H NMR (300 MHz, DMSO-de): &
= 240 (s, D,O-exchangeable, 2H, sulfonamide
NH,),3.85 (s, 3H, -OCH3), 7.04 (s, 1H, C5 ), 7.24-
7.27 (m, 2H, Ar-H),7.31-7.55 (m, 4H, Ar-H), 7.56-
7.74 (m, 2H, Ar-H), 7.91-7,92 (m, 4H, Ar-H), 9.05
(m, 1H, Ar-H), (12.54 (s, D,O-exchangeable, 1H,
indole NH) ppm; MS (70 eV): m/z = 497 (M"+1, 3.8),
496 (M*, 11.0), 212 (41.8), 168 (100). Anal. Calcd
for Cy7HN4,O,S: C, 65.31; H, 4.06; N, 11.28; S,
6.46. Found: C, 65.18; H, 3.92; N, 11.33; S, 6.62.

1,2-Dihydro-4-(1H-indol-3-yl)-6-(4-methoxyphenyl)-
2-0x0-1-(4-propylaminosulfonylphenyl)pyridine-3-
carbonitrile 13b.

Pale yellow crystals, yield 65%, mp 257-258
°C; IR (KBr): »7 = 3358, 3281 (2NH), 2224 (C=N),
1686 (C=0), 1370 (S=0, asy.) and 1148 (S=0, sym.)
cm?; *H NMR (300 MHz, DMSO-dg): 3 = 1.03 (t,
3H, -CH;), 1.52 (m, 2H, -CH,-), 2.10 (s, D,O-
exchangeable, 1H, sulfonamide NH) 3.35 (t, 2H, -
CH,-), 3.85 (s, 3H, -OCHy), 6.10 (s, 1H, C5), 6.61-
6.66 (m, 2H, Ar-H), 7.27-7.30 (m, 4H, Ar-H), 7.33-
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7.48 (m, 2H, Ar-H),7.94-7.97 (m, 4H, Ar-H) , 8.54-
8.56 (m, 1H, Ar-H), 12.51 (s, D,O-exchangeable, 1H,
indole NH), ppm; MS (70 eV): m/z = 539 (M"+1,
3.3), 538 (M", 8.9), 212 (100), 140 (87.5), 63 (65.0).
Anal. Calcd for C3HpsN,O,4S: C, 66.90; H, 4.87; N,
10.40; S, 5.95. Found: C, 66.82; H, 4.87; N, 10.29;
S,6.11

1,2-Dihydro-4-(1H-indol-3-yl)-6-(4-methoxyphenyl)-
2-0x0-1-(4-phenylaminosulfonylphenyl)pyridine-3-
carbonitrile 13c.

Pale yellow crystals, yield 71%, mp 220-221
°C; IR (KBr): » = 3347, 3273 (2NH), 2222 (C=N),
1686 (C=0), 1380 (S=0, asy.) and 1148 (S=0, sym.)
cm?; *H NMR (300 MHz, DMSO-dg): & = 3.83 (s,
3H, -OCH), 6.00 (s, 1H, C5), 6.49-6.54 (m, 2H, Ar-
H), 6.95-7.03 (m,1H Ar-H), 7.07-7.26 (m, 2H, Ar-H),
7.27-7.39 (m, 4H, Ar-H), 7.54-7.58 (m, 2H, Ar-H),
7.92-7.97 (m, 4H, Ar-H), 8.54-8.56 (m, 1H, Ar-H),
9.33 (s, D,O-exchangeable, 1H, sulfonamide NH),
12.51 (s, D,0O-exchangeable, 1H, indole NH), ppm;
MS (70 eV): m/z = 573 (M"+1, 3.6), 572 (M", 10.0),
212 (100), 168 (74.5), 140 (70.3). Anal. Calcd for
Cs3H2N,O,S: C, 69.22; H, 4.22; N, 9.78; S, 5.60.
Found: C, 69.38; H, 4.06; N, 9.70; S, 5.48.

1,2-Dihydro-4-(1H-indol-3-yl)-6-(4-methoxyphenyl)-
2-0x0-1-[4-(4-methoxyphenyl) aminosulfonylphenyl]
pyridine-3-carbonitrile 13d.

Pale yellow crystals, yield 71%, mp 235-236
°C; IR (KBr): » = 3379, 3285 (2NH) 2220 (C=N),
1684 (C=0), 1376 (S=0, asy.) and 1140 (S=0, sym.)
cm™?; *H NMR (300 MHz, DMSO-dg): & = 3.37 (s,
3H, -OCHj), 3.65 (s, 3H, -OCHj3),5.93 (s, 1H, C5),
6.49-6.52 (m, 4H, Ar-H), 6.76-6.78 (m, 2H, Ar-H),
6.93-6.96 (m, 4H, Ar-H), 7.22-7.25 (m, 2H, Ar-H),
7.94-7.96 (m, 4H, Ar-H), 8.53-8.55 (m, 1H, Ar-H),
9.74 (s, D,0O-exchangeable, 1H, sulfonamide NH),
12.52 (s, D,O-exchangeable, 1H, NH idnole) ppm;
MS (70 eV): m/z = 603 (M+1, 2.9), 602 (M*, 13.3),
241 (100), 169 (73.7), 124 (45.2). Anal. Calcd for
CaaHN4OsS: C, 67.76; H, 4.35; N, 9.30; S, 5.32.
Found: C, 67.71; H, 4.28; N, 9.18; S, 5.40.

General procedure for synthesis of pyrimidines 144, b

A 2.77 g of chalcone 3 (10 mmol) was
added to sodium ethoxide solution [prepared from
sodium metal (0.23 g, 10 mmol) and 50 mL of
absolute ethanol] then urea or thiourea (10 mmol)
was added. The reaction mixture was refluxed for 16
h, then left to cool and poured into crushed ice and
neutralized with diluted hydrochloric acid. The
precipitated product was collected by filtration,
washed with ethanol and dried. Crystallization from
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EtOH/DMF afforded the pyrimidine derivatives 14a,
b, respectively.

6-(1H-Indol-3-yl)-4-(4-methoxyphenyl)pyrimidin-
2(1H)-one 14a.

Pale yellow crystals, yield 69%, mp 198-200
°C; IR (KBr): »7 = 3438, 3170 (2NH), 1669 (C=0),
1633 (C=N) cm™; *H NMR (300 MHz, DMSO-dg): &
= 3.83 (s, 3H, -OCH_), 5.46 (s, 1H, C5), 6.99-7.04
(m, 2H, Ar-H), 7.18-7.22 (m, 4H, Ar-H), 7.49-7.54
(m, 2H, Ar-H), 8.28-8.30 (m,1H, Ar-H), 9.94 (s,
D,0-exchangeable, 1H, pyrimidin NH), 12.07 (s,
D,0-exchangeable, 1H, indole NH) ppm; MS (70
eV): m/iz = 318 (M*+1, 2.4), 317 (M", 9.0), 213 (100),
169 (38.4) 140 (42.5), 62 (36.8). Anal. Calcd for
C19H1sN30,: C, 71.91; H, 4.76; N, 13.24. Found: C,
72.04; H, 4.78; N, 13.38.

6-(1H-Indol-3-yl)-4-(4-methoxyphenyl)pyrimidine-
2(1H)-thione 14b.

Yellow powder, yield 73%, mp 180-182 °C;
IR (KBr): » = 3375, 3165 (2NH), 1630 (C=N) cm™;
'"H NMR (300 MHz, DMSO-dg): & = 3.35 (s, 3H, -
OCHgy), 5.6 (s, 1H, C5),7.21-7.25 (m, 2H, Ar-H),
7.26-7.49 (m, 4H, Ar-H), 7.54-7.90 (m, 2H, Ar-H),
8.28-8.30 (m, 1H, Ar-H), 8.82 (s, D,O-exchangeable,
1H, pyrimidin NH), 12.07 (s, D,O-exchangeable, 1H,
indole NH) ppm; MS (70 eV): m/z = 334 (M"+1, 2.6),
333 (M", 6.8), 144 (100), 116 (28.7), 89 (24.5). Anal.
Calcd for Cy9H3sN3OS: C, 68.45; H, 4.53; N, 12.60;
S, 9.62. Found: C, 68.48; H, 4.66; N, 12.49; S, 9.56.

3-(2-Chloro-6-(4-methoxyphenyl)pyrimidin-4-yl)-
1H-indole 15.

A solution of 0.63 g of 14a (2 mmol) in 30
mL phosphorus oxychloride was refluxed for 5 hr,
then left to cool and poured carefully into crushed
ice. The precipitated product was collected by
filtration, washed with water and dried.
Crystallization from EtOH/DMF afforded compound
15 as violet powder in 68% yield, mp 160-162 °C; IR
(KBr): ¥ =3217 (NH), 1632 (C=N) cm™; 'H NMR
(300 MHz, DMSO-dg): & = 3.38 (s, 3H, -OCH),
7.11-7.53 (m, 6H, Ar-H), 7.87-8.31 (m, 4H, Ar-H),
12.20 (s, D,O-exchangeable, 1H, indole NH) ppm;
MS (70 eV): m/z = 336 (M'+1, 1.9), 335 (M", 5.6),
156 (92.3), 108 (57.5), 92 (100), 64 (78.7). Anal.
Calcd for Cy9H14CIN;O: C, 67.96; H, 4.20; N, 12.51.
Found: C, 67.79; H, 4.34; N, 12.50.

N-(4-Phenylaminosulfonylphenyl)-4-(1H-indol-3-yl)-
6-(4-methoxyphenyl)pyrimidin-2-amine 16.

This reaction was carried out by the same
procedure described in the synthesis of compounds
13a-d. Crystallization of the reaction product from
EtOH/DMF afforded compound 16 as faint brown
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powder in 66% yield, mp 100-101 °C; IR (KBr): »
= 3419, 3349, 3245 (3NH) cm™; *H NMR (300 MHz,
DMSO-ds): & = 3.83 (s, 3H, -OCHjy), 6.5-8.32 (m,
19H, Ar-H), 9.85 (s, D,O-exchangeable, 1H, NH),
9.93 (s, D,O-exchangeable, 1H, NH), 12.3 (s, D,O-
exchangeable, 1H, indole NH) ppm; MS (70 eV): m/z
= 548 (M'+1, 3.7), 547 (M", 12.2), 248 (41.1), 156
(88.8), 108 (56.3), 92 (100), 65 (79.0). Anal. Calcd
for C3HyxsNsOsS: C, 67.99; H, 4.60; N, 12.79; S,
5.86. Found: C, 68.13; H, 4.69; N, 12.76; S, 5.66.

Pharmaceutical Applications
Anti-proliferative screening

Cytotoxic activity against human breast
carcinoma cell line (MCF-7) and liver carcinoma cell
line HEPG-2 in vitro. The method applied is similar
to that reported by Skehan et al. 36 using Sulfo-
Rhodamine-B stain (SRB). Cells were plated in 96-
multiwell plate (104 cells/well) for 24 h before
treatment with the test compound to allow attachment
of cell to the wall of the plate, different concentration
of the compound under test (0, 2.5, 5, and 10 pg/ml )
were added to the cell monolayer in triplicate wells
individual dose, monolayer cells were incubated with
the compounds for 48 h at 37°C and in atmosphere of
5 % CO, , after 48 h, cells were fixed, washed and
stained with SRB stain, excess stain was washed with
acetic acid and attached stain was recovered with
Tris-EDTA buffer, color intensity was measured in
an ELISA reader, the relation between surviving
fraction and drug concentration is plotted to get the
survival curve of each tumor cell line after the
specified compound and the IC50 was calculated.

Antimicrobial screening

Applying the agar plate diffusion technique
37, the compounds were screened in vitro for their
bactericidal activity against Gram positive bacteria
(Staphylococcus aureus) and Gram negative bacteria
(Escherichia Coli and Pseudomonas aeroginosa), and
for their fungicidal activity against Fusarium,
Aspergillus niger and Candida albicans. In this
method, a standard 5 mm diameter sterilized filter
paper disc impregnated with the compound (0.3
mg/0.1 ml of DMF) was placed on an agar plate
seeded with the test organism. The plates were
incubated for 24 hours at 37 °C for bacteria and 28
°C for fungi. The zone of inhibition of bacterial and
fungi growth around the disc was observed.

3. Results and Discussion:
Chemistry
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Aldol  condensation  reaction of 3-

indolaldehyde 1 with 4-methoxyacetophenone 2 in
ethanolic NaOH solution afforded chalcone 3. Its
structure was confirmed by its IR spectrum where it
showed a characteristic peak for a conjugated
carbonyl group at 1633 cm™, and also by its *H NMR
which gave signals at & 7.53 (d, 1H, J = 12.9 Hz,
(C=0)(CH=C), and 7.92 (d, 1H, J = 12.9 Hz (C=0)
(C=CH). Reaction of chalcone 3 with either
hydrazine hydrate or phenyl hydrazine gave the
corresponding  pyrazoline  derivatives 4a, b
respectively. Structures of 4a, and 4b were assigned
by their IR and "HNMR Spectra. Both exhibited C=N
stretching vibrations in the region 1618-1630 cm™,
and compound 4a showed an additional absorption
band at 3215 cm™ characteristic for pyrazole NH.
'H NMR spectra of compounds 4a and 4b showed
three multiplets at 6 2.00, 2.69, and 3.40 ppm resulted
from the AMX pattern displayed by two
diastereotopic protons at C-4 (H, and H,) and one
proton (H,) at C-5 (Scheme 1).

The acyl derivatives 5a , b were prepared
either by treating 4a with the corresponding acid
chloride, or by reacting chalcone 3 with hydrazine
hydrate by changing the reacting medium from
ethanol to acetic acid or propanoic acid, respectively.
Structures of 5a , b were established by their IR
spectra where no characteristic band for NH was
detected at 3215 cm™. The *HNMR of compound 5a
exhibited a singlet at 4 2.24ppm (acetyl CH; protons),
whereas 5b showed a triplet at & 2.0 (CH;CH,) and
quartet at 4 2.68(CH3;CHy) respectively.

The formation of pyrazoline 6 was achieved
by refluxing chalcone 3 with thiosemicarbazide and
sodium hydroxide in ethanol 30. Its structure was
confirmed by its IR where absorption peaks appeared
at 3316 cm™ and 3227 cm™, characteristic for NH,
and NH, respectively, and its *H NMR displayed two
singlets at & = 11.11ppm (D,0O-exchangeable, 2H,
NHy), and 11.60 (D,O-exchangeable, 1H, indole
NH).

The oxazoline 7 was obtained from refluxing
chalcone 3 with hydroxylamine in ethanol, its
structure was ascertained by spectral data , where its
IR spectrum showed 2 peaks at 3386 and 1640,
characteristic for NH and C=N, respectively. Its *H
NMR displayed a singlet at & =11.61 (D,O-
exchangeable, 1H, indole NH). The mass spectrum
revealed its molecular ion peak at m/z 292 (M")
(Scheme 1).
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14a (X=0)

12c

14b (X=S)

X=0

POCl,

(Scheme 3)

Tablel. In vitro cytotoxic activity (1Csp) of compounds 5a, 6, 7, 13a, 13b, 13d and 14b and 5-Fluorouracil
against a human breast carcinoma cell line (MCF7) and a liver carcinoma cell line (HEPG2)?

Entry compound MCF/7 HEPG2
(g.mL") (Hg.mL™)

1 5a 1.01 -

2 6 2.62 2.48

3 7 2.55 5.17

4 13a 1.34 4.09

5 13b 0.84 5.30

6 13d 0.60 3.96

! 14b 0.85 2.68

8 5-Flurouracil 0.67 5.0

%ICsy is defined as the concentration which results in a 50% decrease in cell number as compared with that of the

control structures in the absence of an inhibitor.

Reaction of chalcone 3 with ethyl
cyanoacetate in the presence of sodium ethoxide at
room temperature afforded product 8 through
Michael addition, whereas the similar reaction gave
pyranone derivative 9 under the reflux conditions 31
(Scheme 2). The elemental analysis and
spectroscopic data confirmed the assigned structure
for 9, where its IR displayed a peak at 2222cm™ for
C=Nand disappearance of the band representing the
carbonyl of the COOR group. This result led to
exclude the formation of an alternative compound 10.
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Compound 9 could also be obtained by refluxing 8 in
ethanol in presence of sodium ethoxide.
Condensation of 9 with either
hydrazinehydrate or sulfonamide derivatives 32 12a-
d in refluxing ethanol gave the corresponding
pyridinones 11, or 13a-d, respectively (Scheme 2).
The structures of these products were ascertained by
their spectral data, where their IR spectra showed
absorption bands in the region 2219-2224cm™ and
1665-1780cm™ characteristic for C=N and carbonyl
group, respectively. In addition, compounds 13a-d
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displayed bands at 1375 (S=0, asy.) and 1140 (S=0,
sym.) cm™. Their *"H NMR spectra were agreed with
the structures 11 and 13a-d.

Reflux of chalcone 3 with either urea or
thiourea in presence of sodium ethoxide in ethanol
afforded the pyrimidine derivatives 14a, b,
respectively (Scheme 3). The structure of 14a was
substantiated by its IR, where it revealed bands at
3438, 3170 cm™ for the 2NH groups, 1669 and 1633
cm™ characteristic for C=0, and C=N, respectively.
Its *H NMR, displayed two singlets at & 9.94 for
pyrimidin NH and & 12.07 for indole NH by ppm.
Reflux of compound 14a in excess phosphorus
oxychloride as a reacting medium gave compound 15
which on its reflux with sulfonamide 12c in ethanol
furnished compound 16 in a moderate yield (Scheme
3). The IR spectrum of compound 16 showed three
separate absorption bands at 3419, 3349, and 3245
cm™ characteristic for (3NH). Its *H NMR displayed
three singlets at & 9.85 (D,0-exchangeable, 1H, NH),
9.93 (D,0-exchangeable, 1H, NH), and 12.3 (D,0O-
exchangeable, 1H, indole NH) by ppm.

Pharmaceutical Applications
Anti-proliferative screening

Compounds 5a, 6, 7, 13a, 13b, 13d and 14b
were tested against a human breast carcinoma cell
line (MCF7) and a human liver carcinoma cell line
(HEPG2), using 5-Fluorouracil  (5-Fluoro-1H-
pyrimidine-2,4-dione) as a reference drug (Tablel).
The measurements were carried out in the National
Institute of Cancer, Cairo University, Cairo Egypt.

bThis value of 1Cs, for the reference drug 5-
Fluorouracil against HEPG2 was maintained by the
National Institute of Cancer, Cairo University, Cairo,

Egypt. (The liver carcinoma cells were found to be
more resistant to 5-Fluorouracil as a reference drug).
As shown in Tables 1, it was found that compounds
5a, 6, 7, 13a, 13b, 13d and 14b have significant anti-
proliferative activities against human breast cell line
MCF-7 compared to the reference standard drug 5-
Fluorouracil. Compounds 13b and 13d showed high
activities which can be attributed to the presence of
the sulfonamide group, where it was confirmed 33,
34 that compounds containing sulfonamide function
group have potent anti-proliferative activities.
Compound 13d was found to have a promising
activity due to the presence of a methoxy group in the
para- position to the sulfonamide group 35. The
screened results against liver carcinoma cell line
(HEPG2, Table 1) revealed that the tested compounds
6, 7, 13a, 13b, 13d and 14b showed significant
activities compared to reference drug 5- Fluorouracil.

Antimicrobial screening

The synthesized new compounds 4a, 5a, 6, 7, 11,
13a, 13b, 13d and 14b were screened in vitro for
their bactericidal activity against Gram positive
bacteria (Staphylococcus aureus) and Gram negative
bacteria (Escherichia Coli and Pseudomonas
aeroginosa), and for their fungicidal activity against
Fusarium, Aspergillus niger and Candida albicans
(Table 2). All screened compounds showed high or
moderate bactericidal activity against Staphylococcus
aureus and Pseudomonas aeroginosa compared to
that of ciprofloxacin. Compounds 4a, 5a, 6, 13a, 13b
and 13d showed a good fungicidal activity, near to
that of nystin, against Fusarium, all screened
compounds except 11 were found to have moderate
fungicidal activity against Candida albicans.

Table 2. Bactericidal and fungicidal activity of some of the new compounds and ciprofloxacin and nystin.?

Staphylococcus Escherichia Pseudomonas . Aspergillus Candida
No. - : Fusarium . .
aureus coli aeroginosa niger albicans
4a +++ (32) - ++ (17) +++ (31) - ++ (16)
5a ++ (21) - ++ (20) ++ (16) - ++ (18)
6 +++ (30) - ++ (19) +++ (27) - ++ (20)
7 ++ (18) - ++ (17) - - ++ (22)
11 ++ (15) - +++ (27) - - -
13a +++ (34) - +++ (29) +++ (32) - ++ (22)
13b +++ (28) - ++ (17) +++ (31) - ++ (20)
13d +++ (34) - +++ (31) +++ (30) - ++ (24)
14b +++ (29) - ++ (15) - - ++ (20)
Ciprofloxacin | ++++ ++++ ++++ - - -
Nystin - - - o+ T T

# The activities are based on the diameters of zones of inhibition in mm. One mL of stock solution (5 ug/mL in
DMF) was applied in each hole of each paper disk.+: < 15 mm; ++: 15-24 mm; +++: 25-34 mm; ++++: 35-44 mm,

etc.
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4. Conclusion

Aldol condensation reaction between 3-
indolaldehyde and 4-methoxyacetophenone gave a
chalcone compound from which some pyrazoline,
pyridine, and pyrimidine derivatives linked to indole
moiety were obtained and found to have promising
antitumor and antimicrobial activities.
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