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Abstract

The aim of the present work is to efficiently synthesize promising novel antitumor and
antimicrobial active heterocyclic compounds from chalcones 1a and 1b as a precursor which
contain naphthalene moiety and indole or piperonal moiety, respectively, using conventional,
ultrasonic and microwave irradiation techniques. The best yields and purity were afforded with
the microwave irradiation technique. Reaction of 1a and 1b with the appropriate reagent gave the
corresponding pyrazolines 2a, 2b, pyrimidine-2-thioneses 3a, 3b, oxazepines 4a, 4b, diazepines 5a,
5b, triazolo-pyrimidines 6a, 6b, and pyrimidine-2-thiols 7a, 7b derivatives. Compounds 7a, 7b
were used to produce 8a, 8b. Moreover, pyrimidine-2-thione 3a was used to synthesize pyrimidin-
2-ylthioacetic acid 9a, and 2-hydrazinylpyrido[2,3-d]pyrimidine derivative 10a which has been
used as a functionalizing agent to produce compounds 1la-14a. The structural formulas of the
synthesized compounds were confirmed by their spectral data; FT-IR, 'H NMR, *C NMR and
MS. Compounds 3a, 5a, 7a, 13a showed a very high activity as antitumor, whereas compounds
4a, 6a, and 13a showed high activity as antibacterial and antifungal agents.

Keywords: A One-pot Synthesis, Antitumor; Chalcone; Diazepines; 2-Hydrazinylpyrido[2,3-

d]pyrimidine; Pyrimidine-2-thiones; Microwave and ultrasonic irradiation.
1. Introduction

Pyrimidine-containing compounds have a great interest due to their high biological
activities, such as anticancer [1- 3] antiviral,[4] antitumor,[5] anti-inflammatory [6, 7] and
antimicrobial activities. [8-10] Also, Shciff bases are considered of high interest from synthetic
and biological points of view. [11-13] The literature survey revealed that Schiff bases with
various heterocyclic moieties also possess cytotoxic, [14] anticonvulsant,

[15, 16] antiproliferative,[12, 17] antimicrobial, [18, 19] anticancer,[20] and antifungal
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activities.[8, 21] Moreover, pyrazole derivatives have been reported to act as antitumor agents
against various types of lung, breast, and leukemia carcinomas.[22-25]

The most important requirements in developing new synthetic techniques are to minimize
or eliminate the hazardous use of solvents. [26] Therefore, in order to synthesize the desired
compounds, the microwave irradiation technique was employed. The most noticeable
advancement in microwave-assisted technique in organic synthesis is the spectacular decrease of
reaction times, typically from days or hours into minutes or even seconds. [27] Furthermore, the
comparison with the conventional methods showed that the microwave-assisted reactions are
characterized by saving energy with the improvement of the yield and purity of the reaction
products. [28]

Also, heterocycles containing pyrimidinethione nucleus are reported to have a wide
spectrum of potent pharmacological activities, [29] since pyrimidinethione derivatives are
belonging to the active compounds having a wide range of biological activities such as antitumor,
[30-32] anti-fungal, anti-inflammatory and anti-bacterial compounds. [29]

Due to all the previously mentioned benefits, herein, a series of novel compounds
containing heterocyclic moieties conjugated with pyrimidine derivatives have been synthesized
using microwave-assisted technique.

The aim of this work, is to synthesize a novel series of fused pyrimidine derivatives with a
potential to act as antitumor and antibacterial agents.

Considering the above aspects, herein, a series of novel compounds containing
heterocyclic moieties conjugated with pyrimidine derivatives (3a, 6a -14a and 3b, 6b -8b), have
been synthesized using microwave-assisted technique. Moreover, we synthesized pyrazoles (2a,
2b), oxazepines (4a, 4b and 5a, 5b) derivatives. Biological assessments for some of the newly
synthesized compounds were evaluated as (anticancer potent agents against two cell lines; MCF-
7 breast carcinoma and HCT116 colon carcinoma, and antimicrobial). Chalcones (1a and 1b) are
used as precursors to synthesize pyrimidine derivatives.

2. Experimental
General Remarks

All the reagents and solvents used were purified and dried before their use by the usual
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procedures. [33] All the chemicals were purchased from Sigma—Aldrich. Melting points were
determined with a Gallenkamp melting point apparatus and were uncorrected. TLC was done using
aluminum sheets with detection of spots by UV irradiation. Microwave irradiation was carried by
a Galanz Microwave Oven, WP 1000AP30-2, IR spectra were measured by Fourier Transformed
Infrared spectrometer (FTIR, Nicolet iS 10, Thermo Fisher Scientific), in the Central Lab of Ain
Shams University, Cairo, Egypt. *H NMR spectra were measured using Bruker, 400 MHz, and the
13C NMR spectra were measured at 125 MHz, in the Development and Research for Drug
Discovery Center, Faculty of Pharmacy, Ain Shams University, Cairo, Egypt. MS Spectra were
carried out at Micro Analytical Center, Al-Azhar University, using GCMS QP 1000 EX
Shimaedzy. Antimicrobial and Antitumor Screening were carried out at the Regional Center for
Mycology and Biotechnology (RCMB), Al-Azhar University, Cairo, Egypt.

2.1. Synthesis of Chalcone (1a)

2.1.1 Method A: Conventional Thermal Technique [34]

To a solution of 2-acetylnaphthalene (10 mmol) in ethanol (20 mL), 10% aqueous NaOH
solution (40 mmol) and indole-3-carboxaldehyde in ethanol (10 mmol) were added with stirring
at room temperature for 24 hrs. The reaction was monitored by TLC. When completed, the reaction
mixture was poured on crushed ice to quench the reaction and then neutralized with HCI (10%).
The precipitate formed was filtered, washed with distilled water, dried and recrystallized from
EtOH to give chalcone (1a).

2.1.2. Method B: Ultrasonic Irradiation Technique

To a stirred equimolar mixture of 2-acetylnaphthalene (0.01 mol) and 1H-indole-3-
carbaldehyde (0.01 mol) in ethanol (30 mL), 10% NaOH (10 mL) solution was added and the
reaction mixture was then exposed to ultrasonic irradiation for 30 min to give chalcone (1a), (yield
90%).

2.1.3. Method C: Microwave Irradiation Technique
To an equimolar mixture of 2-acetylnaphthalene and 1H-indole-3-carbaldehyde in
ethanol (10 mL), 40% aqueous NaOH (2 mL) was added. The reaction mixture was irradiated with

microwave irradiation 160-320 watt for 2 minutes, to give chalcone (1a), (yield 90.9%).
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3-(1H-indol-3-yl)-1-(naphthalen-2-yl)prop-2-en-1-one (1a). Yellow crystals from ETOH, m.p.
216-218 °C, 85.8%, yield, in conventional technique, 90% vyield in ultrasonic and 90.9% yield in
microwave irradiation technique. FTIR (KBr): v (cm-1) = 3405 (NH), 3063 (CH-Ar), 1674 (C=0),
1631 (C=C). MS: m/z= 297 (M+, 18.37%, C21H1sNO). *H NMR (DMSO): § (ppm) = 6.10-6.13
(2H, s, CH> of dioxole), 6.75-8.88(10H, m, Ar-H), 8.93 (1H, s, pyridineH),12.31&12.98 (2H, s,
NH's of uracil). *C NMR (DMSO): § at 138.89 and 185.43), characteristic for (C=C) and (C=0),
respectively.

2.2. Synthesis of Chalcone (1b)
2.2.1 Method A: Conventional Thermal Technique [35]

To a solution of benzo[d][1,3]dioxole-5-carbaldehyde (piperonal) (10 mmol) and 2-
acetylnaphthalene (10 mmol), in absolute ethanol (50 mL), sodium hydroxide solution (5 ml, 20%)
was added portion wise. The mixture reaction was stirred for 4hrs. The solid product was collected
by filtration, washed with water, dried and recrystallized from ethanol to give chalcone (1b).
2.2.2. Method B: Ultrasonic Irradiation Technique

To astirred equimolar mixture of 2-acetylnaphthalene (0.01 mol) and piperonal (0.01 mol)
in ethanol (30 mL), 10% NaOH (10 mL) solution was added and the reaction mixture was then
exposed to ultrasonic irradiation for 30 min to give chalcone (1b), (yield 92%).

2.2.3. Method C: Microwave Irradiation Technique

To an equimolar mixture of 2-acetylnaphthalene and piperonal, in ethanol (10 mL), 40%
aqueous NaOH (2 mL) was added. The reaction mixture was irradiated with microwave irradiation
160-320 watt for 2 minutes, to give chalcone (1b), (yield 93%).

3-(benzo[d][1,3]dioxol-5-yl)-1-(naphthalen-2-yl)prop-2-en-1-one (1b). Yellow crystals from
ETOH m.p.148-150°C (87% vyield in conventional technique, 92% vyield in ultrasonic, 93% yield
in microwave irradiation technique). FTIR (KBr): v (cm-1) = 1655 (C=C) and 1690 (C=0). MS:
m/z= 302.24 (M+18.37%, C20H1403). *H NMR (DMSO-d6) & ppm: 6.13 (s, 2H, CH. of dioxole),
7.01-7.03 (d, 1H, J = 8 Hz, H-6 of benzodioxole), 7.37- 7.38 (d, 1H, J =4 Hz, H-7 of benzodioxole),
7.62-7.65 (t, 2H, J = 12 Hz, H-6 and H-7 of naphthalene), 7.67-7.69 (dd, 2H, J = 8 Hz, olefinic
hydrogens), 7.78 (s, 1H, H-4 of dioxole), 8.01-8.07(m, 3H, olefinic hydrogens, H-3 & H-4), 8.13-
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8.17 (m, 2H, H-5 & H-8). 13C NMR (DMSO): § at 148.61 and 189.23), characteristic for (C=C)
and (C=0), respectively.

2.3. Synthesis of Pyrimidine-2-thiones (3a)
2.3.1. Method A: An equimolar mixture of chalcone (1a) (10 mmol) and 6-amino-2-thiouracil
(1.43 g, 10 mmol) dissolved in (30 mL) glacial acetic acid was refluxed for 5 hours, the reaction
mixture was cooled and the precipitate was filtered, dried and crystallized from DMF/EtOH to
give compound (3a) (yield 45%).
2.3.2. Method B: The above procedure was repeated using ultrasonic irradiation for 60 minutes
to give compound (3a) (yield 89%).
2.3.3. Method C: An equimolar mixture from chalcone (1a) and 6-amino-2-thiouracil was
grinded together and dissolved in a minimum amount of DMF. The reaction mixture was irradiated
with microwave for 3 minutes to give compound (3a) (yield 95%).

The results obtained showed that methods (B and C) are more beneficiary procedures
and gave better yields and purity than method (A).
5-(1H-1Indol-3-yl)-7-(naphthalen-2-yl)-2-thioxo-2,3-dihydropyrido[2,3-d]pyrimidin-4(1H)-
one (3a). Orange crystals from DMF/EtOH, m.p. >300°C, 95% yield in microwave, 89% yield in
ultrasonic and 45% vyield in thermal. FTIR (KBr): v (cm™) =3443, 3363 (NH 's), 3057 (CH-Ar),
1663 (C=0 attached to NH), 1610 (C=C), 1554 (C=N), 1230 (C=S). MS: m/z =420 (M*, 26.67%,
C25H16N40S). *H NMR (DMS0): § (ppm) = 6.79-8.38 (11H, m, Ar-H), 8.65 (1H, s, pyridine H),
9.9 (1H, s, indole H), 11.8 (1H, s, NH of indole), 12.67 & 13.20 (2H, s, NH's of uracil).
2.4 Synthesis of Pyrimidine-2-thiones (3b):
2.4.1. Method A: An equimolar mixture of chalcone (1b) (10 mmol) and 6-amino-2-thiouracil
(1.43 g, 10 mmol) was dissolved in DMF (30 mL). The reaction mixture was refluxed for 15 hours,
cooled and the precipitate formed was filtered, dried and crystallized from DMF/EtOH to give
compound (3b) (yield 40%).
2.4.2. Method B: the above procedure was repeated using ultrasonic irradiation for 60 minutes to
give compound (3b) (yield 86%).
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2.4. 3. Method C: An equimolar mixture of (1b) and 6-amino-2-thiouracil were grinded together
then dissolved in a minimum amount of (DMF), the reaction mixture was exposed to microwave
irradiation for 3 minutes where compound (3b) was obtained (yield 90.5%).
5-(Benzo[d][1,3]dioxol-5-yl)-7-(naphthalen-2-yl)-2-thioxo-2,3-dihydropyrido[2,3-

d]pyrimidin-4(1H)-one (3b). Yellow crystals from DMF/EtOH, m.p. 230°C, 90.5%yield in
microwave, 86% yield in ultrasonic and 40% yield in thermal. FTIR (KBr): v (cm™) =3337, 3243
(NH's), 3055 (CH-Ar), 1703 (C=0 attached to NH)1594 (C=N), 1235 (C=S). MS: m/z =425 (M",
0%, C24H15N303S, M*-1= 424, 52.39%, C24H14N303S). *H NMR (DMSO): & (ppm) = 6.10-
6.13(2H, s, CHof dioxole), 6.75-8.88(10H, m, Ar-H), 8.93 (1H, s, pyridineH),12.31&12.98 (2H,
s, NH's of uracil).
2.5. Synthesis of Compounds (2a, 4a-6a, and 2b, 4b-6b)

2.5.1. General Procedure:

An equimolar mixture of chalcone (1a, or 1b) (10 mmol) and (10 mmol) from the
appropriate reagent; hydrazine hydrate, 2-aminophenol, 2,3- diaminomaleonitrile, or 3-amino-
1,2,4-triazole was added in the appropriate solvent and refluxed for 5-15 hours, in the presence of
a catalyst (cf. scheme 1). The products obtained were crystallized from the appropriate solvents to
give the corresponding compounds (2a, 4a-6a, and 2b, 4b-6b), respectively.

3-(3-(Naphthalen-2-yl)-1H-pyrazol-5-yl)-1H-indole (2a). Shiny yellow crystals from ethyl
alcohol, m.p. >300°C, 80% yield. FTIR (KBr): v (cm™) =3375, 3225 (NH), 3059.24 (CH-Ar), 1621
(C=C), 1580 (C=N). MS: m/z =309 (M*, 38.51%, C21H15N3). *H NMR (DMSO): § (ppm) = 7.17-
8.38 (11H, m, Ar-H), 7.92-7.98 (1H, s, pyrazole H), 8.41(1H, s, NH pyrazole), 8.9 (1H, s, indole
H), 11.69 (1H, s, NH of indole).

2-(1H-Indol-3-yl)-4-(naphthalen-2-yl)benzo[b][1,4] oxazepine (4a). Dark green crystals from
ethanol, m.p. 182 °C, 86% yield. FTIR (KBr): v (cm™) =3375 (NH), 3165 (=CH), 3041 (CH-Ar),
1632 (C=C), 1575 (C=N), 1124 (C-O-C). MS: m/z = 386 (M*, 60.93%, C27H1sN20).'H NMR
(DMSO): & (ppm) = 7.2-8.29 (15H, m, Ar-H), 8.29 (1H, s, oxazepine-H), 9.94 (1H, s, indole H),
12.13 (1H, s, NH of indole). *C NMR (DMSO): & (ppm) =112.88, 118.63(4C),
121.28(4C),122.59(4C), 123.92(4C), 124.59(4C), 137.52(3C), 138.91(2C), 185.43(C=N).
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7-(1H-Indol-3-yl)-5-(naphthalen-2-yl)-4,5-dihydro-1H-1,4-diazepine-2,3-dicarbonitrile
(5a). Orange crystals from ethanol, m.p. 200 °C, 80% vyield. FTIR (KBr): v (cm™) =3458, 3381,
3306 (NH 's), 3122 (CH-Ar), 2230 (C=N), 2202 (C=N). MS: m/z = 387 (M*,0%, C2sH17Ns, M™-
1= 386, 32.41%, C25H16N5). 'H NMR (DMSO): § (ppm) = 7.19-8.15 (11H, m, Ar-H), 7.44-
7.47 (1H, d, J=8.7 Hz, diazepine-H), 8.44 -8.47 (1H, d, J=8.7Hz, =CH diazepine), 8.51 (1H, s,
NH of diazepine), 8.67 (1H, s, NH of diazepine), 9.9 (1H, s, indole H), 11.93 (1H, s, NH of indole).
13C NMR (DMSO): & (ppm) = 106.40, 112.42, 114.76, 115.11, 115.75, 121.93(C=N),
123.26(C=N), 123.42, 123.67, 124.01, 124.74, 127.39(2C), 128.13, 128.71, 129.09(2C), 130.04,
130.82, 132.68, 134.62, 135.51, 135.81, 137.84, 152.87.
7-(1H-Indol-3-yl)-5-(naphthalen-2-yl)-[1,2,4]triazolo[1,5-a]pyrimidine (6a). Yellow crystals

from ethanol, m.p. 185°C, 58% vyield. FTIR (KBr): v (cm™) = 3417 (NH), 1630 (C=C), 1530
(C=N). MS: m/z = 361 (M*,0%, C23H1sNs, M*-1= 360, 15.80%, C23sH14Ns).'H NMR (DMSO): &
(ppm) =7.20-8.11(11H, m, Ar-H), 8.13 (1H, s, triazole H), 8.29 (1H, s, Pyrimidine H), 9.95 (1H,
s, indole H), 12.16 (1H, s, NH of indole).

5-(Benzo[d][1,3]dioxol-5-yI)-3-(naphthalen-2-yl)-4,5-dihydro-1H-pyrazole (2b). Shiny
orange crystals from methyl alcohol, m.p. 120°C, 85% vyield. FTIR (KBr): v (cm™) = 3344 (NH),
3058 (CH-Ar), 1624 (C=C), 1580 (C=N). MS: m/z =316 (M, 0%, Cx0H1sN202, M*-2= 314,
16.81%, C20H1aN202). *H NMR (DMSO): & (ppm) = 2.91-2.99((1H, dd, J=11.6Hz, J=11.6Hz,
Pyrazoline Ha), 3.48-3.55 (1H, dd, J=9.6Hz, J=7.6Hz, Pyrazoline Hy), 4.79-4.88 (1H, dd, J=12.8Hz,
J=10.4Hz, Pyrazoline Hc), 5.99-5.998 (2H, d, J=3.2Hz, CH: of dioxole), 6.88 (2H, s, H-6 &H-7 of
benzodioxole), 6.96 (1H, s, H-4 of benzodioxole), 7.47-7.53 (2H, m, naphthyl H), 7.65 (1H, s, NH),
7.87-7.97 (5H, s, naphthyl H).

2-(Benzo[d][1,3]dioxol-5-yI)-4-(naphthalen-2-yl)benzo[b][1,4]oxazepine (4b). Reddish
brown crystals from ethanol, m.p. 220 °C, 86% yield. FTIR (KBr): v (cm™) =3423 (NH), 3100
(=CH), 3051 (CH-Ar), 1655 (C=C), 1583 (C=N), 1122 (C-O-C).MS: m/z = 391 (M*, 26.97%,
C26H17NO3). 'H NMR (DMSO): & (ppm) = 6.13 (2H, s, CH, of dioxole), 7.02-7.04 (2H, d,
J=7.6Hz, Ar-H), 7.37-7.39 (2H, d, J=8Hz, Ar-H), 7.64-8.17 (10H, m, Ar-H), 8.93 (1H, s,
Oxazapine H). 3C NMR (DMSO): § (ppm) = 102.17, 107.45, 109.06, 120.49, 124.61(4C).
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126.48(2C), 127.42(2C), 128.18(2C), 128.88, 129.10, 129.74, 130.02, 130.74, 132.81,
135.47, 135.51, 144.43, 148.62, 150.10, 189.21(C=N).
7-(Benzo[d][1,3]dioxol-5-yI)-5-(naphthalen-2-yl)-4,5-dihydro-1H-1,4-diazepine-2,3-
dicarbonitrile (5b). Black crystals from ethanol, m.p. 170 °C, 75% yield. FTIR (KBr): v (cm™)
=3406, 3319 (NH 's), 3052 (CH-Ar), 2248 (C=N), 2211 (C=N). MS: m/z = 392 (M*, 26.63%,
C24H16N402). 'H NMR (DMSO): § (ppm) = 6.12 (2H, s, CH,of dioxole), 6.99-7.01 (1H, d, J=8
Hz, diazepine-H), 7.35 -7.37 (1H, d, J=8 Hz, =CH diazepine), 7.62-8.15 (10H, m, Ar-H), 8.91
(1H, s, NH of diazepine), 9.15 (1H, s, NH of diazepine). *C NMR (DMSO): § (ppm) = 89.99,
102.17, 107.44, 109.03, 114.38, 117.35, 120.48(C=N), 124.61(C=N), 126.45, 126.91, 127.39,
128.16, 128.85, 129.06, 129.75, 130.01, 130.73, 132.81, 135.46, 135.53, 144.40, 148.61,
150.09, 169.02.
7-(Benzo[d][1,3]dioxol-5-yI)-5-(naphthalen-2-yI)-[1,2,4]triazolo[1,5-a]pyrimidine  (6b).
Red crystals from ethanol, m.p. 180°C, 50% vyield. FTIR (KBr): v (cm™) = 3056 (CH-Ar), 1676
(C=C), 1502 (C=N). MS: m/z =366 (M*, 18.13%, C22H14N402). *H NMR (DMSO): & (ppm) =
6.13(2H, s, CH: of dioxole), 6.86-8.13(10H, m, Ar-H), 8.15(1H, s, triazole H), 8.68(1H, s,
Pyrimidine H).
2.6. Synthesis of Compounds (7a, and 7b)
To a mixture from chalcone (1a, or 1b) (10 mmol) and thiourea (1.2 g, 12 mmol) dissolved in
ethanol (50 mL), sodium hydroxide (1.0 g, 25 mmol) was added. The reaction mixture was
refluxed for 6 hours then left to cool overnight. The precipitate was filtered, washed, and
crystallized from ethanol to afford (7a) and (7b), respectively.
4-(1H-Indol-3-yl)-6-(naphthalen-2-yl)pyrimidine-2-thiol (7a). Brown crystals from
ethanol, m.p. 178 °C, 65% yield. FTIR (KBr): v (cm™) =3443 (NH), 3250 (SH), 3041 (CH-Ar),
1633 (C=C), 1575 (C=N). MS: m/z = 353 (M*,16.52%, C22H15N3S). *H NMR (DMSO): § (ppm)
=2.69(1H, s, SH), 7.2-7.29 (7H, m, Ar-H), 7.51-8.14 (4H, m, Ar-H), 8.29 (1H, s, Pyrimidine H),
9.95 (1H, s, indole H), 12.16 (1H, s, NH of indole).
4-(Benzo[d][1,3]dioxol-5-yl)-6-(naphthalen-2-yl)pyrimidine-2-thiol (7b). Red crystals
from ethanol, m.p. 170 °C, 58% yield. FTIR (KBr): v (cm™) = 3384 (SH), 3056 (CH-Ar), 1674
(C=C), 1566 (C=N). MS: m/z = 358 (M*, 33.40%, C21H14N20S). *H NMR (DMSO): & (ppm) =
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2.71 (1H, s, SH), 6.02 (2H, s, CH2 of dioxole), 6.67-8.6 (10H, m, Ar-H), 8.70 (1H, s, Pyrimidine
H).
2.7. Synthesis of Compounds (8a and 8b)

An equimolar mixture of compound (7a) or (7b) (10 mmol) and hydrazine hydrate (10
mmol), dissolved in ethanol acidified with glacial acetic acid (5 drops) was refluxed for 6 hours
then left to cool down overnight. The precipitate obtained was filtered, washed, and recrystallized
from ethanol to afford (8a), and (8b), respectively.

3-(2-Hydrazinyl-6-(naphthalen-2-yl)pyrimidin-4-yl)-1H-indole (8a). Yellow crystals from

ethanol, m.p. 190°C, 74% vyield. FTIR (KBr): v (cm™) =3409 (NH), 3214 (NH,),3110 (NH), 3055
(CH-Ar), 1618 (C=N), 1574 (C=N). MS: m/z = 351 (M*, 3.83%, C22H17Ns). *H NMR (DMSO):
d (ppm) = 6.51-8.38 (14H, m, Ar-H, NH, NH), 8.42(1H, s, Pyrimidine H), 8.92 (1H, s, indole
H), 11.71 (1H, s, NH of indole).

4-(Benzo[d][1,3]dioxol-5-yl)-2-hydrazinyl-6-(naphthalen-2-yl)pyrimidine (8b). Orange
crystals from ethanol, m.p. 205 °C, 74% yield. FTIR (KBr): v (cm™) =3383 (NH), 3179 (NH>),
3055 (CH-Ar), 1600 (C=C), 1566 (C=N). MS: m/z = 356 (M*, 59.19%, C21H1sN4O2). *H NMR
(DMSO): 6 (ppm) = 6.10-6.13 (2H, d, J=8Hz, CH0f dioxole), 6.79-8.15 (12H, m, Ar-H, NH),
8.5(1H, s, NH), 8.6(1H, s, Pyrimidine H).
2.8. Synthesis of Compound (9a):

An equimolar mixture of compound (3a) (4.78, 10mmol) in glacial acetic acid (40 mL)
containing fused sodium acetate (1g) and chloroacetic acid (0.95g, 10 mmol) was heated under
reflux for 3 hours. The reaction mixture was then poured onto water and the precipitate formed
was filtered, dried and recrystallized from ethanol/ DMF to afford compound (9a).
2-((5-(1H-1Indol-3-yl)-7-(naphthalen-2-yl)-4-oxo-3,4-dihydropyrido[2,3-d]pyrimidin-2-
yl)thio)acetic acid (9a). Yellow crystals from DMF/EtOH, m.p. >300°C, 80% yield. FTIR (KBr):
v (cm™) =2500-3500 (NH, OH), 3213, 3110 (NH 's), 3058 (CH-Ar), 2925 and 2724 (CH
aliphatic), 1667 (C=0), 1576 (C=N). MS: m/z = 478 (M*, 6.52%, C27H1sN40sS). *H NMR
(DMSO): & (ppm) = 1.93 (2H, s, CH»), 6.73-7.48 (11H, m, Ar-H), 8.27 (1H, s, Pyridine H), 8.71
(1H, s, indole H), 9.53 (1H, s, NH of Pyrimidine), 12.67 (1H, s, NH of indole), 13.29 (1H, s, OH).
2.9. Synthesis of 2-Hydrazinylpyrido[2,3-d]pyrimidine (10a)
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2.9.1. Method A: A mixture of (3a) (1.91 g, 4 mmol) and hydrazine hydrate (3 mL, 99%, 60
mmol) in absolute ethanol (20 mL) was heated under reflux for 15 hours. The reaction mixture
was cooled and the precipitate formed was filtered, dried and crystallized from DMF to give
(10a) (yield 74%).
2.9.2. Method B: The above procedure was repeated using ultrasonic irradiation for 45 minutes
to give (10a) (yield 87%).
2.9.3. Method C: The above procedure was repeated in absence of solvent and, the reaction
mixture was exposed to microwave irradiation for 2 minutes, to give compound (10a) (yield 95%).
2-Hydrazinyl-5-(1H-indol-3-yl)-7-(naphthalen-2-yl)pyrido[2,3-d]pyrimidin-4(3H)-one
(10a). Yellow crystals from DMF, m.p. >300°C, 95%yield in microwave, 87% yield in ultrasonic
and 74% yield in thermal. FTIR (KBr): v (cm™) =3435 (NH), 3350, 3272 (NH, NH,), 3002 (CH-
Ar), 1708 (C=0), 1688 (C=C), 1573 (C=N). MS: m/z = 418 (M*, 13.04%, C25H1sNsO). *H NMR
(DMSO): & (ppm) = 4.93 (2H, s, NHy), 6.64-7.48 (11H, m, Ar-H), 8.17 (1H, s, NH), 8.23 (1H, s,
Pyridine H), 8.6 (1H, s, indole H), 8.64 (1H, s, NH of Pyrimidine), 9.47 (1H, s, NH of indole).
2.10. Synthesis of Compounds (11a-13a)
2.10.1. General Procedure:
2-Hydrazinylpyrido[2,3-d]pyrimidine (10a) (0.418 g,1 mmol) was reacted with excess of
benzaldehyde, maleic anhydride or phenylisothiocyanate, (1 mmol) in the appropriate solvent for
4 hours. The products obtained were recrystallized from the appropriate solvent to give
compounds (11a-13a), respectively.
2-(2-Benzylidenehydrazinyl)-5-(1H-indol-3-yl)-7-(naphthalen-2-yl)pyrido[2,3-
d]pyrimidin-4(3H)-one (11a). Brown crystals from DMF/Ethanol [1:1], m.p. > 300 °C, 53%
yield. FTIR (KBr): v (ecm™) =3422, 3263, 3143 (NH 's), 3060 (CH-Ar), 1682 (C=0), 1659 (C=C),
1579 (C=N). MS: m/z =506 (M*, 51.66%, C32H22NsO). *H NMR (DMSO): & (ppm) = 6.67-7.49
(16H, m, Ar-H), 8.19 (1H, s, CH=N), 8.68 (1H, s, Pyridine H), 9.53 (1H, s, indole H), 11.85 (1H,
s, N-NH), 12.71 (1H, s, NH of Pyrimidine), 13.27 (1H, s, NH of indole).
1-((5-(1H-Indol-3-y)-7-(naphthalen-2-yl)-4-oxo-3,4-dihydropyrido[2,3-d]pyrimidin-2-
yl)amino)-1H-pyrrole-2,5-dione (12a). Yellow crystals from DMF/Ethanol, m.p. >300°C, 82%
yield. FTIR (KBr): v (cm™) =3438, 3259 (NH 's), 3058 (CH-Ar), 1681&1660 (C=0), 1621 (C=C),
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1579 (C=N).MS: m/z = 498 (M*, 27.07%, C29H18NsO3). *H NMR (DMSO): § (ppm) = 1.87 (1H,
s, NH), 6.66-6.88 (2H, d, J=8.8Hz, =CH), 7.02-8.70 (11H, m, Ar-H), 8.23(1H, s, Pyridine H), 8.64
(1H, s, indole H), 9.48 (1H, s, NH of Pyrimidine), 12.65 (1H, s, NH of indole).
2-(5-(1H-Indol-3-yl)-7-(naphthalen-2-yl)-4-oxo0-3,4-dihydropyrido[2,3-d]pyrimidin-2-
yl)-N-phenylhydrazinecarbothioamide (13a). Orange crystals from ethanol, m.p. 298 °C, 82%
yield. FTIR (KBr): v (cm™) =3426, 3325, 3258 (NH 's), 3057 (CH-Ar), 1681 (C=0), 1622 (C=C),
1579 (C=N), 1233 (C=S). MS: m/z =553 (M*, 12.39%, C3,H23N70S). *H NMR (DMSO0): § (ppm)
=6.95-7.56 (16H, m, Ar-H), 8.56-9.02 (3H, s, NH), 9.47-10.13 (3H, s, NH of Pyrimidine, indole
H, Pyridine H), 13.66 (1H, s, NH of indole). *C NMR (DMSO): & (ppm) = 114.38, 116.17,
117.28,117.88, 121.50, 122.69, 124.12, 124.66(2C), 124.89, 126.38(2C), 128.43, 128.90, 129.27,
129.44(2C), 129.62(2C), 129.76(2C), 130.36, 139.93, 140.24, 141.68(2C), 156.18(2C),
156.89(2C=N), 180.10(C=0), 181.70(C=S).
2.11. Synthesis of Compound (14a)

An equimolecular mixture of (10a) (0.418 g,1 mmol) and acetyl chloride (1 mmol) in
dry pyridine was refluxed for 20 hours. The reaction mixture was cooled and the precipitate formed
was filtered, dried and crystallized DMF/ethanol (1:1) to give (14a) (yield 79%).

6-(1H-Indol-3-yl)-3-methyl-8-(naphthalen-2-yl)pyrido[2,3-d][1,2,4]triazolo[4,3-

a]pyrimidin-5(1H)-one (14a). Yellow crystals from DMF/Ethanol [1:1], m.p. > 300 °C, 79%
yield. FTIR (KBr): v (cm™) =3421, 3348 (NH 's), 3054 (CH-Ar), 1700 (C=0), 1652 (C=C), 1515
(C=N). MS: m/z = 442 (M*, 17.46%, C27H18NsO)."H NMR (DMSO): § (ppm) = 1233H, s, CHa),
6.64-7.13 (13H, m, Ar-H, indole H, Pyridine H), 8.18 (1H, s, NH of triazole), 8.55 (1H, s, NH of
indole).
3. Medicinal and Biological Activities
3.1. Evaluation of Cytotoxic (Antitumor) Activity of Some Synthesized Compounds

The antitumor activity of the newly synthesized compounds containing indole moiety
(3a-5a, 7a, and 13a) and compounds containing benzodioxole moiety (3b-5b and 7b) was
evaluated against two tumor cell lines (MCF-7 breast carcinoma cell line, HCT-116 colon
carcinoma cell line). The results obtained shows that compounds containing indole moiety are

having higher antitumor activity than those which are having benzodioxole moiety. Compound
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(5a) shows the highest antitumor activity agent against HCT-116 and MCF-7 cell lines, whereas
(7a), and (13a) shows high antitumor activity agent against HCT-116 and moderate against MCF-
7cell line. Compound (4a) shows moderate activity against both HCT-116 and MCF-7 cell lines.
Whereas (3a) was the lowest activity against both the two cell lines. The tested compounds (3b-
5b and 7b) show that compound (4b) is the highest active one against both cell lines.

However, all compounds (3a-5a, 7a, and 13a) and (3b-5b and 7b) are having antitumor
activity against the HCT-116 cell higher than against MCF-7 cell line, the results obtained are
given in (Table 2) which represents the ICso values, i.e., the doses that reduces survival to 50%.

3.2. Evaluation of Antibacterial Activity of Some Synthesized Compounds

Employing the diffusion method, [36] the compounds were studied in vitro for their
antibacterial activity against two gram-positive bacteria, Staphylococcus aureus (S. a.) and
Bacillus subtilis (B. s.), and two gram-negative bacteria, Escherichia coli (E. c.) and Proteus
vulgaris (P. v.), and also for their antifungal activity against fungus strain, namely, Aspergillus
fumigatus. In this method, screening tests regarding the inhibition zone were carried out, where
the compounds were dissolved in (DMSQO) as a solvent in different concentrations (10, 5, and 2.5
mg/ml) and the inhibition zone of bacterial and fungi growth around the disc The results of the
antibacterial and antifungal activities showed that compounds containing indole moiety (2a-14a)
are more biologically active than compounds containing benzodioxole moiety (2b-8b) (cf. table
1). From the first group, compounds (4a,6a,13a) were the most potent towards all the Gram-
positive and Gram-negative bacteria, as well as studied fungi. However, compounds containing
indole moiety showed moderate to high effects toward the studied bacteria and fungi, while the
results of compounds containing benzodioxole moiety (2b-8b) showed that only compound (2b)
showed high effects against proteus vulgaris bacteria and showed low or no effect against the other
species, the other compounds containing benzodioxole moiety showed low or no effect against the

studied bacteria and fungi.
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4. Discussion of the Results

Chalcones (1a and 1b) have been prepared the by conventional technique (Method A)
[31,32], but due to their importance in medicinal chemistry, we aimed to prepare them using
green chemistry tools, such as ultrasonic (Method B) [37] and microwave (Method C) [38]
irradiation techniques in order to achieve their synthesis with clean environment in good
yield and purity.

Comparison the three techniques (A), (B) and (C), showed that microwave irradiation
technique (C) facile more advantages over the conventional technique (A) and ultrasonic
irradiation technique (B), since it reduces the reaction time, by-products, use of solvents, and most
importantly it enhances yield and purity of products (Green Chemistry).

According to Scheme 1 chalcones 1a and 1b were used for building newly synthesized
heterocycles pyrazolines (2a, and 2b), pyrimidine2-thiones (3a, 3b), oxazepines (4a, and 4b),
diazepines (5a, and 5b), triazolo-pyrimidine (6a, and 6b), and pyrimidine-2-thiol derivatives (7a,
and 7b), respectively. Moreover, reaction of (7a, and 7b) with hydrazine hydrate afforded the
corresponding (8a, and 8b) (Scheme 1). Moreover, pyrimidine-2-thiones (3a) reacted with
chloroacetic acid in glacial acetic acid containing fused sodium acetate to yield pyrimidin-2-
ylthioacetic acid derivative (9a), whereas, its reaction with hydrazine hydrate, gave 2-
hydrazinylpyrido[2,3-d]pyrimidine derivative (10a). The latter has been used as a functionalizing
agent and reacted with benzaldehyde to give (11a), with maleic anhydride and
phenylisothiocyanate to afford (12a), (13a), respectively. Also, (10a) reacted with acetyl chloride
to afford (14a) (Scheme 2).

Structural formulas of compounds (2a-14a) and (2b-8b), have been confirmed through
their spectral data; FT-IR, *H NMR, *C NMR and MS.

The FT-IR of (2a) showed the disappearance of at 1700 cm™ assigned to CO stretching
vibration in (1a) and appearance of two absorption bands at 3375, 3225 cm™ assignable for two

NH groups. The formation of (2b) was confirmed by the disappearance of at 1690 cm™ assigned
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to CO stretching vibration in chalcone (1b) and appearance of an absorption band at 3344 cm™,
assignable for one NH group; both (2a) and (2b) showed band at 1580 cm, assignable for C=N
group. *H NMR spectrum of compound (2a) showed the disappearance of the doublet at [] 7.84
and 8.14 ppm (J = 15.6) that was characterized for HC=CH in chalcone (1a) with the appearance
of pyrazole NH singlets (D20 exchangeable) at [1 8.41 ppm, and pyrazole H singlet at (7.92-7.98)
ppm. Also (2b) showed disappearance of the doublet signal 7.67-7.69 (J = 8) characteristic
HC=CH in chalcone (1b), and appearance of signals at [1012.91-2.99 (dd; pyrazoline Ha), 3.48-
3.55 (dd; pyrazoline Hp) and 4.79-4.88 (dd; pyrazoline Hc) ppm, respectively, also it showed
pyrazole NH singlet (D.O exchangeable) at 7.65 ppm.

The FT-IR spectrum of (3a) showed disappearance of carbonyl stretching vibrations of
chalcone (1a) and appearance of absorption bands at 3443, 3363 1554 and 1230 Cm™ assignable
for the (NH 's), (C=N) and (C=S) groups, respectively, also (3b) showed the disappearance of CO
stretching vibrations in chalcone (1b) and appearance of absorption bands at 3337, 3243, 1594
and 1235 cm* characteristic for the (NH 's), (C=N) and (C=S) groups, respectively. Moreover, its
IH NMR spectrum showed the disappearance of the characteristic HC=CH proton peaks of
chalcone (1a) with the appearance of signals at [] 7.84 and 8.14 ppm (dd; J= 15.6), 12.67 (s; NH)
and13.20 (s; NH) ppm assignable for the two protons of the two NH groups in the pyrimidine ring.
Also, pyrimidinthione (3b) showed signals in the region of 7.67-7.69 (dd; J = 8) and two protons
assignable for two signals at [112.31 (s; NH) and at 12.98 (s; NH) representing the two NH groups
in the pyrimidine ring, respectively.

Formation of (4a) was confirmed through its FT-IR spectrum where it showed the
appearance of bands at 1575 and 1124 cm, characteristic for C=N and C-O-C groups,
respectively, and also (4b) showed the appearance of bands at 1690 and 1583 cm™, assignable for
C=N, and 1122 cm?, characteristic for C-O-C. The *H NMR spectrum of (4a) represented signals
at 7.84 and 8.14 (d; J = 15.6), and 8.29 ppm (s; oxazepine H). Also, the TH NMR spectrum of (4b)
represented signals in the region 7.67-7.69 (d; J = 8), and 8.93 ppm (s; oxazepine H). Moreover,
The®3C NMR spectra showed the disappearance of the peak’s characteristic for (C=C) carbon of
chalcones (1a) and (1b) at 147 and 149, respectively with the appearance of the resulted (C=N)
carbon at 185.43 and 189.21, for (4a) and (4b), respectively.
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The FT-IR spectrum of (5a) showed the disappearance of CO stretching vibration and
appearance of the two absorption bands at 2230 and 2202 cm™ assignable for C=N group, and two
absorption bands ranging from 3458 to 3381 cm™ representing two NH groups. Also, the FT-IR
spectrum of (5b) showed the disappearance of CO stretching vibrations characteristic for chalcone
(1b) with the appearance of two absorption bands at 2248 and 2211 assignable for two C=N
groups, and two absorption bands at 3406 and 3319 cmrepresenting two NH groups.

In addition to the IR, the 'H NMR spectrum of (5a) showed the disappearance of the
characteristic HC=CH proton peaks of chalcone (1a) and appearance of signals at 7.84 and 8.14
(d; J =15.6) and two singlets (D20 exchangeable) at 8.51 and 8.67 ppm (2s; NH). Moreover, *C
NMR spectrum of (5b) showed the disappearance of the characteristic (C=C) carbon peaks of
chalcone (1b) appeared at 147 and appearance of the resulted two (C=N) carbon at 120.48 and
124.61. Also, the *H NMR spectrum of (5b) showed the disappearance of the characteristic
HC=CH proton peaks of chalcone (1b) and appearance of signals in the region 7.67—7.69 (d; J =8)
and two singlets (D20 exchangeable) at 8.91 and 9.15 ppm (2s; NH).

Formation of (6a) and (6b) has been established by carrying out their FT-IR spectrum
where they showed the appearance of absorption bands at 1530 and 1502 cm™, confirming the
presence of the C=N group in (6a) and (6b), respectively. The *H NMR spectrum of (6a) showed
the appearance of doublet at [1 7.84 and 8.14 (J = 15.6), the triazole proton singlet at 8.13ppm,
and pyrimidine proton singlet at 8.29 ppm. Compound (6b) showed the appearance of doublet
signals in the region of 7.67-7.69 ppm (J = 8), the triazole proton singlet at 8.15ppm, and
pyrimidine proton singlet at 8.68 ppm.

IR spectrum of (7a) represented the appearance of absorption bands at 3250 and1575 cm-
1 assignable for (SH) and (C=N), respectively, (7b) showed absorption bands at 3384 and 1566
cm* assigned for (SH) and (C=N), respectively. Moreover, the formation of (8a) and (8b) was
confirmed by their FT-IR, where disappearance of sulfur (SH) absorption bands takes place with
the appearance of (NH) bands at 3110 and 3383 cm™, and (NH>) absorption band at 3214 and 3179
cm* corresponding to (8a) and (8b), respectively. Also, the 'H NMR spectrum for (7a) showed
appearance of a doublet at 7.84 and 8.14 (J = 15.6) singlets at 2.69 ppm assignable for SH groups,
for (7b) it showed the appearance of a doublet signals in the region of 7.67—7.69 ppm (J = 8) and
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asinglet at 2.71 ppm assignable for SH proton. However, the *H NMR spectra showed the protons
assignable for (NH), (NHz) groups at the region of 6.51-8.38 ppm for (8a) and for (8b) (NH)
appears singlet at 8.5 ppm, and (NHz) groups at the region of 6.79-8.15. Moreover, the elemental
analysis showed no sulfur in products (8a) and (8b).

The FT-IR spectrum of (9a) showed the disappearance of (C=S) absorption bands at 1235
Cm* and appearance of absorption bands at 2500-3500 cm™, assignable for (NH, OH) group, and
at 2925 and 2724 cm assignable for aliphatic CH2 group. Moreover, it showed a band at 1622
Cm? ascribed to C=0 group attached to NH group. Its *H NMR spectrum showed the
disappearance of NH proton of uracil singlet at 13.20 ppm and appearance of the carboxyl proton
singlet at 13.29 ppm.

The formation of (10a) was confirmed by its FT-IR spectrum where it showed the
disappearance of (C=S) absorption bands at 1235 Cm™ and appearance of absorption bands at
3435 and 3272 cm’, assignable for NH and NH_ groups, respectively. Its *H NMR spectrum
showed the disappearance of the singlets at 12.67 ppm assigned to NH proton of pyrimidine ring
(3a) and shift of the other NH singlet proton of pyrimidine ring from [113.20 to 8.64, also a new
singlet appeared at [1= 8.17 ppm assigned to the NH (D.O exchangeable), and another singlet
appeared at [1= 4.93 ppm which has been assigned to NH> protons. However, formation of
compound (11a) was attributed to its FT-IR and *H NMR spectra where the IR showed an
absorption band at 1579 cm™ assignable for C=N group. Its *H NMR spectrum also displayed the
N-NH proton singlet at 11.85 ppm with the disappearance of the singlet at 4.93 ppm assigned for
NH: protons in (10a), with the appearance of (CH=N) singlet proton at 8.19 ppm.

Also, synthesis of (12a) was proved by its FT-IR spectrum where it represented two
absorption bands at 1681and1660 cm™ assignable for (2C=0) groups, and at 1621 cm
characteristic for (C=C). The 'H NMR spectrum did not show the singlet at 4.93 ppm that was
assigned to NH2 protons in (10a). It showed singlet at 1.87 ppm representing an NH proton,
doublet at the region of 6.66-6.88 ppm assigned to two (=CH) protons.

Confirmation of compound (13a) structure was arrived at by its FT-IR, 1H NMR and *3C
NMR spectra, where its IR spectrum showed absorption bands at 1622 cm-1 and 1233 cm-

lassignable for C=C and (C=S) groups. Its *H NMR spectrum confirmed its formation where it
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showed three singlets at the region of [1=8.56-9.02 ppm, assigned to NH protons, with the
disappearance of the singlet at 4.93 ppm that was assigned to the NH2 protons in (10a), and its *C
NMR also showed the (C=S) carbon at 181.70.

The formation of compound (14a) was arrived at by its FT-IR spectrum where it showed
absorption band at 1515 cm-1 indicating the presence of (C=N) group. Its tH NMR spectrum, also
displayed singlet signal at 1.23 ppm, for the methyl protons and singlet at 8.18 ppm for triazole
NH proton. The MS data of all the compounds prepared were in accordance with their structural
formulas.

5. Conclusion

In the present work, we successfully in one-pot synthesized and evaluated a new interesting
heterocyclic compound (2a-14a) and (2b-8b) such as pyrazolines, pyrimidine-2-thioness,
diazepines, oxazepines, triazolo-pyrimidines, pyrimidine-2-thiols and hydrazinyl-pyrimidine
compounds based on chalcone compound. [39-41] [42] Moreover, pyrimidine-2-thiones (3a) was
used to synthesize pyrimidin-2-ylthioacetic acid (9a), and 2-hydrazinylpyrido[2,3-d]pyrimidine
derivative (10a) which has been used as a functionalizing agent to produce compounds (11a-14a).
Interesting compounds that are having pyrimidine-2-thiones and hydrazinylpyrido[2,3-
d]pyrimidine moiety were synthesized using conventional, microwave, and ultrasound assisted
synthesis technique in order to compare between them. Comparison between the three methods of
preparation showed that both ultrasonic (B) and) microwave (C) irradiation techniques are more
beneficiary than conventional (A) technique, where they gave better yields and purity, reduce the
reaction time, by-products, amounts of solvents. Method (C) has more advantages than (B) where
it eliminates the use of solvents, hazardous and most importantly formed the best yield and purity
in shorter time (Green Chemistry). The structural formulas of the synthesized compounds were
confirmed by their spectral data; FT-IR, *H NMR, *C NMR and MS. The results of the
antibacterial and antitumor activity showed that compounds containing indole moiety are highly
biologically active than compounds containing benzodioxole moiety. [42]
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