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Abstract

In this study, a new series of 1,2,4-triazine and 1,2-diazine derivatives was
prepared in four and three steps, respectively. In the preparation of 1,2,4-triazine
derivatives. The first step included a reaction between 2-phenyl-3-
aminoquinazoline-4-(3H)-one and chloroacetyl chloride in the presence of Et;N as a
base to produce (1) in 83% yield. Compound (1) was then reacted in the second step
with hydrazine hydrate to yield the corresponding hydrazide (2) in 80% yield. The
third step of our work included a reaction of compound (2) with different
compounds: a-Naphthan isocyanate to give compound (3) (90% vyield); phenyl
isocyanate to afford compound (4) (80% vyield); phenyl isothiocyanate to yield
compound (5) (85% vyield); and CS, in basic medium to provide compound (9) in
85% vyield. In the fourth step, the products (3-5) were then cyclized in alkaline
medium to give substituted trizines as six-membered rings (6-8) in 78-85% vyields.
The reaction of compound (9) with hydrazine hydrate afforded compound (10) in
80% vyield. In the preparation of 1,2-diazine derivatives, compound (2) was treated
with cyclic and aromatic anhydrides to give (11-15) in yields ranging from 75 to
86%. The prepared compounds were characterized by FT-IR, **C NMR, and 'H
NMR spectroscopy and measured for a number of their physical characteristics.
Also, certain tests have been performed on their anti-microbial activities on fungal
strains, bacterial strains, and gram-negative and gram-positive bacteria for the
identification of the most sufficient of the biologically active complexes. Finally, the
anticancer activity of three prepared compounds (2, 12, and 13) was tested, and the
results showed good effects of these compounds against prostate cancer PC3.

Keywords:  2-Phenyl-3-amino  ginazoline-4(3H)-one,  Pyridazine, 1,2,4-
Triazine,prostate cancer PC3, Anti-microbial.
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1. Introduction

Pyridazine can be defined as a heterocyclic organic compound with the molecular formula
(CH)4N2 [1]. It is an aromatic six-membered ring that has two neighboring nitrogen atoms [2].
It has two other tautomeric forms, pyrazine and pyrimidine [3]. The diazine derivatives have
gained a great deal of attention in the present day as a result of their many advantageous traits.
For instance, the ease with which structural alterations can be made [4], the excellent
electrical and optical properties [5], and the beneficial biological activities [6]. The
pyridazine, which has been known as the "wonder nucleus”, as well as its derivatives, were
reported because of their biological and chemical actions to have a broad variety of biological
activities [7], which include potent and anti-hypertensive cardiotonic agents [8]. In addition,
in their anti-HAV assessment [9] a variety of pyridazine-based heterocyclic scaffolds were
used in the newest programs of medicinal chemistry against various biological targets and
with different physiological effects and were used for anti-inflammatory activity and
inhibition [10], anti-cancer [11], anti-tuberculosis [12], anti-microbial and antioxidant [13],
anti-tumor [14], anti-proliferative [15] and anti-viral [16]. The pyridazine ring represents part
of the structure of some of the therapeutic agents that are found on the market, which include
minaprine, cadralazine, pipofezine, and hydralazine [17]. 1,2,4-Triazine is a six-membered
ring that bears three nitrogen atoms. Some time ago, this system was referred to as triazines
(asymmetrical triazines) as well [18]. 1,2,4-Triazine and its derivatives represent a significant
heterocyclic compound class, which is why they were reported to have a broad range of
biological activities [19], which include antimalarial agents [20], anti-cancer and antioxidant
activities [21], anti-inflammatory agents [22], antimicrobial agents [23], and antibacterial and
antiviral agents [24].

2. Materials and methods
2.1. Instruments and chemicals

All the chemicals utilized were purchased from Aldrich, Fluka, and PDH companies. The
melting points were measured using gallenkamp in the open capillary glass with the use of the
Thomas capillary MP apparatus. FT-IR spectral data were recorded on a Shimadzu FT-IR-
8400 using a KBr disc. The *C NMR and *H NMR spectral data were recorded using a 500
MHz spectrometer. Chemical shifts are expressed in ppm downfield from tetramethylsilane
(TMS) as an internal standard or deuterated DMSO in *H NMR as a reference. UV-Visible
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spectra were recorded by the Shimadzu spectrophotometer and a pel PD-303-
spectrophotometer, Japan.

2.2. Synthesis
2.2.1. 2-chloro-N-(4-oxo-2-phenylquinazolin-3(4H)-yl)acetamide (1) [25]

In a 50-mL round-bottom flask, a mixture of 2-phanyl-3-amino-quinazoline-4(3H)-one
(0.5 g, 0.002 mol) and triethyl amine (0.2 mL, 0.0129 mol) in THF (8 mL). This mixture was
cooled to 0 °C before adding chloroacetyl chloride (0.12 ml) and stirred for 2 hours at room
temperature. The temperature was then raised gradually to 75-85 °C for 10 hours. After the
reaction was complete, ice water was added. The solid crude material was filtered, washed by
water, and recrystallized from acetone. The physical characteristics and FT-IR spectral data of
compound (1) are listed in Table 1.

2.2.2. 2-Hydrazineyl-N-(4-oxo-2-phenylquinazolin-3(4H)-yl)acetamide (2) [26]

To a solution of compound (1) (0.66 g, 0.002 mol) in absolute ethanol (4.0 mL), an excess
of hydrazine hydrate (99%) was added before refluxing for 8 hours. After the reaction was
complete, the mixture was allowed to cool to room temperature before adding ice water. The
solid crude material was then filtered, washed with water, and recrystallized from ethanol and
water. Table 1 displays the physical properties and FT-IR spectral data of compound (2).
2.2.3.N-(naphthalen-1-yl)-2-(2-ox0-2-((4-ox0-2-phenylquinazolin-3(4H)-yl)amino)ethyl)
hydrazine-1-carboxamide (3);2-(2-ox0-2-((4-0x0-2-phenylquinazolin-3(4H)-yl)amino)ethyl)-
N-phenylhydrazine-1-carboxamide(4); N-(4-oxo-2-phenylquinazolin-3(4H)-yl)-2-(2-
(phenylcarbamothioyl)hydrazineyl)acetamide (5) [27]

In a round bottom flask, a mixture of compound (2) (0.3 g, 0.001 mol) and phenyl
isocyanate (0.1 mL, 0.001 mol), a-naphthyl isocyanate (0.14 mL, 0.001 mol) or phenyl
isothiocyanate (0.18 mL, 0.001 mol) in absolute ethanol (10 mL). This mixture was heated to
reflux for 5-6 hours. The reaction mixture was then allowed to cool to room temperature, and
the solid material was filtered, dried, and recrystallized from the acetone. The physical
characteristics and FT-IR spectral data of compounds (3-5) are shown in Table 2.

2.2.4.3-((3-hydroxy-4-(naphthalen-1-yl)-1,4-dihydro-1,2,4-triazin-5-yl)amino)-2-phenyl
quinazolin-4(3H)-one  (6),3-((3-hydroxy-4-phenyl-1,4-dihydro-1,2,4-triazin-5-yl)amino)-2-
phenylquinazolin-4(3H)-one(7);3-((3-mercapto-4-phenyl-1,4-dihydro-1,2,4-triazin-5-yl)
amino)-2-phenylquinazolin-4(3H)-one (8) [27]

Compounds (3-5) (0.001 mol) in a solution of sodium hydroxide (20 mL, 4.0 N) were

refluxed for 5-6 hours. The mixture was then allowed to cool to room temperature and
neutralized by HCI (50%). The solid crude material was then filtered and recrystallized from
the ethanol. The physical properties and FT-IR spectral data of compounds (6-8) are listed in
Table 6.
2.2.5.2-(2-0x0-2-((4-ox0-2-phenylquinazolin-3(4H)-yl)amino)ethyl)hydrazine-1-
carbodithioate (9)[27]
To a mixture of hydrazide derivative (2) (0.3 g, 0.001 mol) and potassium hydroxide solution
(0.05 g, 0.001 mol) in absolute ethanol (10 mL), CS; (0.6 mL, 0.001 mol) was slowly added
to this mixture. The reaction mixture was stirred at room temperature overnight. The solid
crude material was then filtered, washed with dry diethyl ether. The crude material of (9) was
used in the next step without purification. The physical properties of compound (9) are listed
in Table 7.
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2.2.6. 3-((4-Amino-3-mercapto-1,4-dihydro-1,2,4-triazin-5-yl)amino)-2-phenyl quinazolin-
4(3H)-one (10) [27]

In a round bottom flask, a mixture of compound (9) (0.4 g, 0.0016 mol) and hydrazine hydrate
(4 mL, 0.12 mol, 99%) was refluxed until the hydrogen sulfide evolution had been stopped.
The reaction mixture was then allowed to cool to room temperature and acidified with HCI
solution (10%) to produce a pale brown precipitate in the mixture. The solid crude material
was then filtered and recrystallized from ethanol. The physical properties of compound (10)
are listed in Table 7.

2.2.7.2-(5-Methyl-3,6-dioxo-3,6-dihydropyridazin-1(2H)-yl)-N-(4-oxo-2-phenylquinazolin-
3(4H)-yl)acetamide(11);  2-(8-nitro-1,4-dioxo-3,4-dihydrophthalazin-2(1H)-yl)-N-(4-oxo-2-
phenylquinazolin-3(4H)-yl)acetamide(12); 3, 7-dioxo-1,2-diazepan-1-yl)-N-(4-o0xo-2-
phenylquinazolin-3(4H)-yl)acetamide(13);2-(1,4-dioxo-5,6,7,8-tetraphenyl-3,4-
dihydrophthalazin-2(1H)-yl)-N-(4-oxo-2-phenylquinazolin-3(4H)-yl)acetamide(14);N-(4-oxo-
2-phenylquinazolin-3(4H)-yl)-2-(1,4,6,9-tetraoxo-8-(2-(4-oxo-2-phenylquinazolin-3(4H)-
yl)acetamido)-3,4,6,7,8,9hexahydropyridazino[4,5-g] phthalazin-2(1H)-yl)acetamide (15)[28]

A mixture of compound (2) (0.3 g, 0.001 mol.) and citraconic anhydride, 3-nitrophthalic
anhydride,  glutaric  anhydride, tetraphenylphthalic ~ anhydride, or  1,2,4,5-
benzenetetracarboxylic-1,2:4,5-dianhydride (0.001 mol) in glacial acetic acid (10 mL) was
refluxed for 6-8 hours. The mixture was then allowed to cool to room temperature before
adding ice water, and the solid crude material was filtered and recrystallized from ethanol.
The physical properties of compounds (11-15) are listed in Table 8.

3. Results and discussion
3.1. Chemistry

A new series of pyrazine and 1,2,4-triazine derivatives were synthesized through several
sequential reactions. The preparation of these derivatives is shown in Scheme 1. The product
2-phenyl-3-(chloroacetoamide)-quinazoline-4(3H)-one (1) was produced via the reaction of 2-
phenyl-3-aminoquinazoline-4(3H)-one with chloroacetyl chloride in the presence of Et;N as a
base. This compound was diagnosed by FT-IR spectroscopy (Table 1), which shows the
disappearance of the NH, band and the appearance of absorption bands of new N-H at 3271
cm™, C=0 amide (1687-1658 cm™), and C-CI (761 cm™). This compound was also diagnosed
by *H NMR spectroscopy (Table 2), which showed a singlet signal at 3.34 ppm owing to two
protons of CH,-CI, multiple signals at 7.20-8.64 ppm due to aromatic protons, and a singlet
signal at 8.74 ppm belonging to the N-H proton. The **C NMR spectral data of compound (1)
are displayed in Table 2. In the second step, compound (1) was reacted with hydrazine
hydrate in absolute ethanol to form 2-phenyl-3-(hydrazinoacetoamide)-quinazoline-4(3H)-one
(2) in 80% yield. The FT-IR spectrum of this compound indicated the disappearance of the C-
Cl absorption at 761 cm™ from the spectrum of compound (1). On the other hand, the
appearance of the asymmetric and symmetric stretches of NH, absorption at 3436 cm™ and
3423 cm™, respectively. Also, the presence of a strong, sharp band at 3272 cm™, and C=0 at
1683 and 1656 cm™. The *H NMR spectrum of compound (2) showed a singlet signal at
3.43 ppm due to CH, protons; two separated signals at 4.70 and 6.20 ppm are due to NH and
NH; protons of NHNH,; multiple signals at 7.20-8.75 ppm belong to aromatic protons; and a
singlet signal at 10.02 ppm for the NH-C=0 proton. The *C NMR spectral data of compound
(2) are displayed in Table 2. Compound (2) was then reacted with three reagents (a-naphthyl
isocyanate, phenyl isocyanate, and phenyl isothiocyanate to afford the products (3-5). The FT-
IR spectral data of these compounds (3-5), which showed absorption bands at 3295-3271 cm™
attributed to the N-H band, and 1728-1672 cm™ for C=0O amide. On the other hand, the
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disappearance of NH, absorption for the hydrazide derivative (2), and the appearance of a
new band of absorption at 1450 cm™ was appeared due to C=S of compound (5) (Table 3).
The *H NMR spectrum of compound (3) showed a singlet signal at 3.36 ppm due to CH,
protons, a singlet signal at 4.13 ppm due to the NH-CH; proton, multiple signals ranging from
7.27 to 8.26 ppm for aromatic protons, and multiple signals at 9.03-9.52 ppm for the H-
N=C=0 proton (Table 4). The *H NMR spectrum of compound (5) showed a singlet signal at
3.37 ppm due to CH,-C=0 protons, 4.87 ppm for CH,-NH proton, multiple signals at 7.31-
8.61 ppm for fourteen proton of aromatic rings, a singlet signal at 9.81 ppm for H-N-C=0
proton, and a singlet signal at 10.52 ppm for H-N-C=S proton (Table 4). The *C NMR
spectral data of compound (5) are shown in Table 4. The cyclization reaction of compounds
(3-5) in basic conditions (NaOH, 4.0 N) gave the products (6-8) in 78-85% vyields. The FT-IR
spectra of these products (6-8) showed the disappearance of thiocarbonyl and carbonyl amide
group absorptions from the FT-IR spectra of compounds (3-5), which is an indicator of the
conversion to afford compounds (6-8). In addition, the appearance of absorptions at 3431-
3377 cm™ for the O-H group at compounds (6 and 7), respectively. The appearance of N-H
absorption at 3281 and 3244 cm™ in compound (6), 3298 and 3224 cm™ in compound (7), and
3281 and 3242 cm™ in compound (8). All details of the FT-IR spectral data for compounds (6-
8) are listed in Table 5. The *H NMR spectrum of compound 6 showed a singlet signal at 3.36
ppm due to the N-H proton, a singlet signal at 6.66 ppm due to the C=C-H triazine ring
proton, multiple signals at 7.15-8.15 ppm due to the aromatic ring protons, singlet signals at
8.79 ppm for the N-H triazine ring proton, and a singlet signal at 9.50 ppm for the O-H proton
(Table 6). The *C NMR spectral data of compound (5) are listed in Table 6. The 'H NMR
spectrum of compound (8) showed a singlet signal at 3.36 ppm due to the S-H proton, a
singlet signal at 4.13 ppm due to the N-H proton, a singlet signal at 6.67 ppm due to the C=C-
H triazine ring proton, multiple signals at 7.19 to 8.08 ppm due to fourteen protons of
aromatic rings, and a singlet signal at 9.50 ppm due to the N-H triazine ring proton (Table 6).
The *C NMR spectral data of compounds (6 and 8) are listed in Table 6. The reaction of
hydrazide derivative (2) with CS; in KOH/ethanoic was then achieved successfully to afford
the corresponding dithiocarbamate salt (9), which was then cyclized with hydrazine hydrate
(99%) to give 1,2,3-triazine derivative (10) in 80% yield. The FT-IR spectra of compound (9)
showed absorption at 1450 cm™ due to the C=S group. Compound (10) showed absorption at
3196 cm™ for the N-H band and two bands at 3276 cm™ and 3249 cm™ for the asymmetric
and symmetric stretching, respectively, of the NH, group. All FT-IR details of the spectral
data for compounds (9 and 10) are displayed in Table 7. Compound (2) was then reacted with
different cyclic and aromatic anhydrides to give the corresponding 1,2-diazine derivatives
substituted for N-sub-quinazoline-4(3H)-one compounds (11-15). The FT-IR spectra of these
compounds are listed in Table 8, which shows the disappearance of two absorption bands for
the asymmetric and symmetric stretching of the NH, group and the appearance of the bands at
3434-3307 cm™ due to the N-H band. Two groups of the cyclic carbonyl (C=0O amide) at
compounds (11-15) appear at 1753-1730 cm™ and 1697-1662 cm™.

The *H NMR spectral data of compound (13) are displays in Table 8, which showed
multiple signals from 1.88 to 3.34 ppm due to the six protons of the cyclic CH,, a singlet
signal at 4.70 ppm for the acyclic CH,, multiple signals at 7.30-8.62 ppm due to the aromatic
ring protons, and a singlet signal at 8.65 ppm for two protons N-H bands. The *C NMR
spectral data of compound (13) are shown in Table 9.
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Scheme 1: The synthesis of compounds (1-15).
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Table 1: Physical characteristics and FT-IR spectral data (v, cm™) of compounds (1 and 2)

Physical characteristics

FT-IR spectral data

No Yiel ] C-H : c=C
Structure ?Zcp) d Color II\I—I Aromati Acmi(ge Aromati (b)z:::g;
(%) c c
O H 167- | 327 1687 1537 761
1 NNyar | 1es | 83 | White ) Ty 3031 g | 1aas | (ccl)
N/)\Pho
0O H o 3436
X Q\AN/NJK/N”“ H2 105. 80 Off | 327 | Lonc 1683 1589 (13’2”;,')
A 126 white | 2 1656 1450
N Ph (sym)
NH,

Table 2: *H NMR and **C NMR spectral data (/] ppm) of the compounds (1 and 2)

No. Structure 'H NMR spectral data 3C NMR spectral data
Cl
12 0
o
A N 3.34 (s, 2H, CH,) 65.6 (C12), 117.1-139.8 and 148.7 (C1, C2, C3,
1 SN m 7.2-8.64 (M, 9H, Ar-H) C4, C7-C10), 161.7 (C6), 165.0 (C5 or C11) ,
NP , 8.74 (s,1H, N-H) 168.1 (C5 or C11)
2
8 10
9
[0
2 i | 12, NHNH, 3.34 (S, 2H: CHZ)
NG N 4.70 (s, 1H, NH) 65.5 (C12), 117.1-139.7 and 148.7 (C1, C2, C3,
2 UL L s 6.20 (s, 2H, NH,) C4, C7-C10), 161.7 (C6), 164.8 (C5 or C11), 168.0
: TNl ’ 7.2-8.74 (m, 9H, Ar-H) (C5 or C11)
A 10.02 (s, 1H, NH)

Table 3 : Physical characteristics and FT-IR spectral data (C, cm™) of compounds (3-5)

Physical characteristics FT-IR spectral data
N .
0 m.p. Yield i i _ _ Other
Structure C) (%) Color | N-H C-H Cc=0 c=C bands
‘ o A ) . 1701 1558 C-N
5 *N/“ﬂm“%}zg 29 | 90 | White | 3274 | 3085 | 1io | 1aaa | 1ea1
H H H o
o of"\ANA Brow Overlap | 1550 .
. @N *N/“%NI% 1138-140 | 80 oW | 3295 | 3009 | O1ETEP | PR 0
H H H i
le) 9, y C'N
N _N_ N Off 1728 1542 1643
s ©fi johu ToT 269270 | 85 | no | 3271 | 3014 | oo 1418 Py
NT PR 1445
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Table 4 : 'H NMR and **C NMR spectral data ({1 (] ppm) of compounds (3 and 5)

No structures 'H NMR spectral data 3C NMR spectral data
10 9

1920 WA j'fg E: i:' ﬁHﬁ'; 60.8 (C12), 121.2-134.8 (C1, C2, C4,

3 1618111 ; 5 NN 7 27_é 60 (lm 1,6H A;-H) C7-C10, C14-C20), 139.6 (C3), 155.4
Ny H/N%H/N Z N 9.03-9.52 (m, 3H, N-H) (C6), 165.1 (C5), 168.0 (C11 and C13)
. Moo 0 s 3.37 (s, 2H, CH,), 55.8 (C12), 119.1-134.8 and139.82 (C1,

@“%w NN @16 4.78 (s, 1H, N-H), C2, C3, C4, C7, C8, C9-C10, C14-
5 | Ny & Ay | 7.13-861(m, 14H, Ar-H), |C17), (C3), 150.80 (C6), 164.98 (C5 or

|k 9.81 (s, 1H, N-H), C11 or C13), 168.10 ( C5 or C11 or

5 10 10.52 (apparent s, 2H, N-H) C13),178 (C50r Cll or C13)

Table 5: Physical characteristics and FT-IR spectral data (1, cm™) of compounds (6-8)

Physical characteristics FTIR absorption spectral data
No. Yiel
Structure ng.p. d Color N-H C-H | C=0 c=C OtEr
(°C) (%) bands

ee o
H Brow | 3281 1558 3431

6 LN | ot 206-207 80 n 3044 3053 | 1681 1444 C=N
N h\[ _N 1643

: OH
H

3298 1596 3377

(0]
NSNS 233235 | 78 | White 3097 | 1670
\[ hd 3224 1550 | C=N
7 N en SN 1620
(o]

©\)LN/H “IIYEH Off | 3281 1601 | C=N
| ) =
8 AN \[ N | 209270185 hite | a2a2 | 3OO | 1079 qggr | 162
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Table 6: *H NMR and **C NMR spectra data ([, ppm) of compounds (6 and 8)
No. Structure 'H NMR spectral data 3C NMR spectral data

=y
2}
=

@)
-
3

)

=

PUWES G%g’?s(s’lﬁ'*'c'i"c”'ﬁ) 111.1 (C12), 112.2-138.8 (C1, C2, C4,
5N ' ' 1 e - -
| 1\@ I | 715815 (m 160 Ark), | C7-CLO, C14, C15:C21), 1476 (C11),

6 — 2 N

- 76 H/ 8.79 (s, 1H, N-H), 148.3 (C3 and (iéé)71(5(>:95)7 (C6 and C13),

° 9.50 (s, 1H, O-H) '
8
9 10
3.36 (s, 1H, S-H),

2.4 4.13 (s, 1H, N-H), 107.8 (C12), 115.8-139.8 (C1, C2, C4,

8 1 6.67 (s, 1H, C=C-H), C7, C10, C14, C15, C21), 145.17 (C3 and

7.19-8.08 (m, 14H, Ar-H), | C11), 155.36 (C6 and C13), 164.78 (C5)
9.50 (s, 1H, N-H)

Table 7: Physical characteristics and FT-IR spectra data (], cm™) of compounds (9 and 10)

Physical characteristics FT-IR spectral data
N :
0 Structures (TCF; \Eclﬁol )d Color | N-H | C-H | C=0 | C=C g;gg;
o
H H . [1C=N
_N _N s
o )N\ 70(\'# T %_%01 85 I[3)eep 3251 3041 1701 | 1554 }6?18
N row | 3178 1681 | 1458 C=S
n 1450
o N, NH,
_N_ _N_ _sH i Pale Asym. 3276
10 N | m/ 170 80 Brow | 3196 | 3043 | 1704 1562 Sym. 3249
171 1498
/)\ /N n S‘H
N Ph N 2580
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Table 8: Physical characteristics and FT-IR spectral data (1], cm™) of compounds (11-15)

N m.p. Yield _ Other
0 Structure °C) (%) Color | N-H [ C-H | C-H C=0 bands

3309 8 2827 1662 1639

o
H
N/N Oo
1 @KN#% 204-206 | 85 | Grey | oe20 | 305 ) 2970 1 1737 GoN
HN

o

0 o o NO,
Asym.
(o) HN
12 N {N 201-203 | 80 | Brown | 3227 | 305 | 5593 | 1793 | yohy
\ 3399 | 9 1662
/>fPh HN Sym.
© 1330

N
(o]

N

@N/Nfoo 3434 | 303 | 2983 | 1733 | C=N

13 N e Nb 216-218 | 75 | Brown N
HN

3392 5 2881 1662 1638

[e]
14 @\):\Wf 226-228 | 86 | P3| 3362 | 30 | 2gp3 | 1639 .

yellow 6 1662
Ny N’NWANJI\
15 ©\)Ntkpho HN NH Oph/k\N ‘)212-214 80 Gray | 3307 326 2839 1232 i

Table 9: **C NMR and *H NMR spectral data (1] [JCJppm) of compound (13)
No Structure 'H NMR spectral data 3C NMR spectral data

1.88-3.34 (m, 6H, CH,), | 57.4 (C15), 111.4-119.0 (C1-C3, C8-C10),

o
LA . N,Hl ° .
13| e f ;54 4.70 (s, 2H, CHy), 120.6-122.9 (C4 and C12), 126.0 (C14),
2 8 15
8 9 HN1 14
10 o

7.30-8.62 (M, 9H, Ar-H), 140.2 (C6), 165.0 (C5 or C11 and C13),
8.65 (s, 2H, N-H) 174.9 (C5 or C11 and C13)

3.2. Antimicrobial activity [29]

The biological anti-microbial activities of all prepared compounds were tested against two
types of bacteria [gram-positive bacteria (S. aureus) and gram-negative bacteria (E. coli)], and
one type of fungus (Candida).

3.2.1. Antibacterial activity

In general, all the prepared compounds have shown anti-bacterial activity in comparison to
the standard antibiotic (Ceftriaxone BE), which has an inhibition area of 24 nm against gram-
positive bacteria and 23 nm against gram-negative bacteria, but some of the compounds
showed high activity comparable to the standard antibiotic. For example, the compounds (2,
4, 7,10, 12, and 13) showed high activity against the gram-positive bacteria (S. aureus) with a
19-2 mm inhibition zone. Compounds (3, 10, and 12) have shown the maximum activity
against gram-negative bacteria (Escherichia coli) in comparison to other compounds that were
prepared. The inhibition zone was 18-21 mm. Compound (12) showed a higher activity even
than the standard antibiotic used, which reached 28 and 29 mm against the gram-positive and
gram-negative bacteria, respectively, as can be seen in Table 10.
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3.2.2. Antifungal activity

All the prepared compounds showed higher antifungal biological activity compared to the
standard antibiotic used (Flocazole), as the effectiveness of these compounds was tested
against one type of fungus (Candida albicans). Compounds (6, 7, and 12) had the highest
anti-fungal activity of 24, 26, and 25 mm, respectively. The compounds (2, 4, and 9) showed
good activities of 23, 22, and 22 mm, respectively, as shown in Table 10.

Table 10: Fungal and bacterial inhibition zones in mm for compounds (1-15)

Inhibition zone Diameters (mm)
Compound S. aureus E. coli Candida albicans
(mm) (mm) (mm)
Ceftriaxone BE 24 23
Flocazole - - 18
Control DMSO
1 15 15 12
2 20 17 23
3 15 18 21
4 20 16 22
5 18 17 20
6 16 16 24
7 21 17 26
8 20 18 18
9 12 13 22
10 19 17 19
11 14 14 19
12 28 29 25
13 20 21 16
14 15 17 18
15 18 15 13

Control: 100 pg/mL, solvent: dimethyl sulfoxide

3.3. Anti-cancer activity [30]

Cytotoxic effect of three derivatives (2, 12 and 13) on PC3 cancer cell line utilizing the MTT
assay:

Testing of 3-(dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) was carried out
to conclude the cytotoxic effects of the compounds (2,12 and 13) on a human prostate cancer
cell line (PC3). An MTT assay was carried out for the calculation of inhibition rate and cell
viability on tumour cell lines with the use of a variety of concentration levels of compounds
(2, 12 and 13). The percentage of the treated cells viability has been estimated compared with
the normal cell line WRI68. The cytotoxic effects of derivative (2) were tested at
concentrations of 25, 50, 100, 200, and 400 pg/mL on PC3 cells. Table 11 presents a
reduction in the viability of cells in a dosage-dependent pattern. Cell viability was decreased
through the increase in concentration of derivative (2). A decrease in PC3 cell viability (%)
was noted at 51.47+3.94) in the 400 pg/mL concentration. The maximum PC3 cell viability at
25.00 pg/mL had reached 95.99+0.87. A derivative (2) exhibited significant potent cytotoxic
activities with an 1Csp of 67.21 mg/mL. On the other hand, an ICsy of 179.4 mg/mL yielded
from the effects of the derivative (2) on the WRI68 normal cell lines (Figure 1).
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Table 11: Cytotoxicity effects of the derivative (2) on PC3 and WRI-68 cells in 24 hours

Iragi Journal of Science, 2024, Vol. 65, No. 5, pp: 2357-2372

post incubation at the temperature of 37 °C

. Viable cell counts of PC3 cell Viable cell counts of WRI68 cell
Concentrations lines lines
(ng/mL) Mean + SD Mean + SD
400 51.47 +3.94 79.98 £ 1.80
200 62.85 + 3.42 86.00 + 1.95
100 71.26 +1.54 92.21+2.78
50 85.92+4.14 96.49 £ 1.29
25 95.99 £ 0.87 96.95+ 1.14
100+
80+ IC50 179.4
=
b 60'
— IC5q 67.21
= 50
I 401
>
-~ PC3
20
- WRLGS8
0 1 L] L] 1
1.0 1.5 2.0 2.5 3.0
Log Concentration png mL"™"

Figure 1: Representation of 1Cso of PC3 and WRI68 cell lines of compound (2)

The cytotoxic effects of the derivative (12) in concentrations of 25, 50, 100, 200, and 400
pug/mL on PC3 cells showed a reduction of the viability of the cells in dosage-dependent
patterns Table 12. The cell viability was decreased through the increase in concentrations of
the derivative (12). A decrease in PC3 cell viability (%) was noted in the 400 pg/mL
concentration (52.01+4.57). The maximum PC3 cell viability at 25 pg/mL concentration
reached 95.41+1.54. A derivative (12) exhibited significant potent cytotoxic activity with an
ICso value of 90.11pg/mL concentration. On the other hand, an ICsy of 209.8 pg/mL was
obtained from the effects of the derivative (12) on the WRI168 normal cell line Figure 2.

Table 12: Cytotoxicity effects of the derivative (12) on the PC3 and WRI-68 cells in 24 hours
post incubation at 37 °C

Concentrations Viable cell counts of PC3 cell line Ve el Cou|?rt12 oL el
(g L) Mean + SD Mean + SD
400 52.01 £ 4.57 75.58 £ 2.77
200 60.57 £ 7.64 85.65 + 4.47
100 73.61+5.40 93.98 £ 0.95
50 84.61+1.25 94.29 + 0.64
25 9541154 94,98 £0.79
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100+
807 \ IC5, 209.8
=S
-E? 60 -
‘S IC5q 90.11
S 401
>
-~ PC3
20+
- WRLG68
0 L] L] L] 1
1.0 1.5 2.0 25 3.0
Log Concentration pg mL?

Figure 2: Representations of 1Cso of PC3 and WRI68 cell lines of compound (12)

The cytotoxic effects of the derivative (13) at concentrations between 25.00 and 400ug/mL
on the PC3 cells presented a reduction in cell viability in a dosage-dependent manner (Table
13). The cell viability decreased with the increase in concentrations of the derivative (13). A
decrease in the PC3 cell viability (%) was noted at 400 pg/mL concentration (47.07+3.18).
The maximum PC3 cell viability at 25.00ug/mL concentration had reached 86.19+2.52. A
derivative (13) exhibited significant potent cytotoxic activities with the 1Cso value of 80.32ug
/mL. On the other hand, an 1Csy of 117.2 pg/mL was obtained from the effects of the
derivative (13) on the WRI168 normal cell line Figure 3.

Table 13: Cytotoxicity effects of the derivative (13) on the PC3 and WRI68 cells in 24 hours
post incubation at a temperature of 37 °C

Concentrations Viable cell counts of PC3 cell line | 2ple cel COUT;[r?eOf iR el
(mg/mL.) Mean + SD Mean + SD
400 47.07 £3.18 69.17 £ 4.42
200 52.89 £ 2.09 7419+ 481
100 62.27 £ 1.75 84.34+£1.44
50 78.70 £ 1.61 93.40 £ 0.53
25 86.19 £ 2.52 95.02 £ 1.29
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100+
80
e IC59 117.2
‘2... 60
% IC5¢ 80.32
I 401
>
- PC3
201
- WRL6S8
0 L L] L] 1
1.0 1.5 2.0 2.5 3.0
Log Concentration ng mL™"

Figure 3: Representation of 1Cso of PC3 and WRL cell lines of compound (13)

4. Conclusion

In this work, the synthesis of some novel pyridazine and 1,2,4-triazine derivatives starting
from 2-phanyl-3-amino-quinazoline-4(3H)-one has been achieved successfully. Microdilution
susceptibility testing in Muller-Hinton agar based upon the well diffusion approach was
utilized for the determination of anti-bacterial and antifungal activities of newly synthesized
compounds, which showed considerable antimicrobial activities. The compounds (2, 4, 7, 10,
12, and 13) showed a high level of activity against the gram-positive bacteria (S. aureus) with
a 19-28 mm inhibition zone. Compounds (3, 10, and 12) showed maximum activities against
the gram-negative bacteria (E. coli) in comparison with the other compounds that were tested,;
the inhibition zone was 18-21 mm. Compound (12) showed a higher level of activity even
than the standard antibiotic used, which reached 28 and 29 mm against the gram-positive and
gram-negative bacteria, respectively. Compounds (6, 7, and 12) showed the highest anti-
fungal activity at 24, 26, and 25 mm, respectively. Compounds (2, 4, and 9) showed very
good activities of 23, 22, and 22 mm, respectively. Finally, compounds (2, 12, and 13) were
assessed for in vitro cytotoxic activity against the human prostate cancer cell line PC3. These
compounds showed the most potent cytotoxic activities at 400mg/mL with ICsy values of
67.22, 90.11, and 80.32 mg/mL, respectively.
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