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Abstract Article inf.
A number of new heterocyclic compounds derived from vanillin dimer chalcones Received:
. . . . . 31/12/2020
were prepared by Claisen—Schmidt condensation using a microwave as a heat source
and a base medium as a catalyst. The structures and suggestion mechanisms of Accepted
reaction of the new products were attributed to elementary and spectroscopic analysis. K12/ 2 2051
eywords:

Additionally, the in vitro anticancer compounds activity of (Z1, Z2, Z3, Z7, Z8 and
Z9) and all of them showed high inhibition efficiency except (Z2) were evaluated
with a human breast cancer cell line (Cal51), and compared with standard anticancer
drugs, according standard MTT assay. The synthesized heterocyclic compounds were
characterized based on their chemical properties and spectroscopic data (FTIR, 'H
NMR, *C MNR and CHN-S).
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1. Introduction

A heterocyclic compound is a cyclic compound that has at least two different elements atoms
in its ring(s)[1]. Several of biochemical material essential to life include heterocyclic compounds.
For example, nucleic acids (DNA and RNA) which carry the genetic information is include long
chains of heterocyclic compounds joined each to other by different types of materials[2,3].
Many naturally substances such as vitamins, antibiotics, and pigments are heterocyclic compounds
(92). The most common and important heterocycle compounds are those having five or six
membered rings and containing heteroatoms of oxygen, nitrogen, and sulfur [4,5]. The development
of heterocyclic chemistry recently specially which derived from chalcones have been synthesized
and biologically investigated for specific target of diseases on widely range. Chalcones are used to
synthesize many heterocyclic derivatives like pyrazolines and pyrimidines having different
heterocyclic ring systems with have a wide range from medical applications [6-8].

Cankara Pirol et al., have been synthesized a novel series from amide derivatives of 5-(p-
tolyl)-1-(quinolin-2-yl) pyrazole-3-carboxylic acid and studied against human cancer cell lines.
Compound with 2-chloro-4-pyridinyl group in the amide part showed good cytotoxic activity

against all cell lines [9], as show in Fig. 1.

2-chloro-4-pyridinyl group
is essential for the activity.

( Replacement of chlorine
substituent with bromine
or hydrogen decreases
the activity.

Fig. 1: Pyrazole as Anticancer

Ma et al., were designed, synthesized 1,2,3-Triazole—pyrimidine—urea derivatives and
evaluated for anticancer activity. Almost all of the synthesized compounds showed powerful

activity versus all the cancer cell lines [10], as shown in bellow Fig. 2.
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Fig. 2: Pyrazines derivative with anticancer activity

Al-Harbi et. al., synthesized a new class from poly-fused pyrazolothieno pyrimidine
derivatives. All the synthesized compounds were tested for their hypoglycemic activities against
standard pioglitazone and were found to have equipotent hypoglycemic activity can be used as an

important anti-diabetic agent [11], as shown in Fig. 3.
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Fig. 3: Pyrazines derivative with antidiabetic activity

The aim of our study is synthesis of new heterocyclic compounds derived from chalcones
assisted Microwae technique which have signeficants advandags such as reduceing the reaction

time and solvents comparative with coneentional methods, and evaluated these novels compounds

as anticancer and hepato-protective.
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2. Experiment work

The uncorrected melting points of compounds were taken in open capillaries and recorded on
melting point apparatus Buchi thermal point, The elemental analysis of all the synthesized
compounds was performed by using Eager 300 for EA1112 Analyzer in University of Tehran. The
FTIR spectra of all synthesized compounds were measured as KBr disc for solid sample for the
region between (400-4000) cm-1 by using SHIMADZU FTIR-8400. *H NMR and *3C NMR spectra
for the compounds were obtained in deuterated solvent DMSO-d6 by 400 MHz for proton and 100
MHz for carbon by using Spectrometer AC-400MHz SHIMAZU Tehran University. The
Microwave technique used in synthesized the compounds by microwave type Panasonic NN-
SN382, (MALAYZIA) 25 L, Power (1200 W) and frequency (2450 MHz).

a. Synthesis of compounds
A mixture of chalcone (0.01 mole), (hydrazine hydrate, urea and thiourea) respectively (0.02
mole) and 3ml (40%) KOH in 10 ml DMF. Then the mixture irradiated in a microwave oven at
90W for 2-6 min. It was then cooled and poured in cold water acidified with dilution HCI. Then
Filtered, washed and dried. The product was recrystallized from ethanol. the products yield was
obtained in 67-90% [12,13]. Physical properties of chalcone compounds are displayed in Tables (1)
and chemical structure are illustrated in Fig. 4.

Tablel: Some Physical Data of Heterocyclic Derivative Compounds

Melting Point || Yield
Name of the hetrochalcone Color

(°C) (%)
4,4'-(5,5'-((ethane-1,2-diylbis (oxy)) bis (3-
methyl-4,1-phenylene)) bis (4,5-dihydro-1H- J| Yellow J| 155-157
pyrazole-5,3-diyl)) dianiline
6,6'-((ethane-1,2-diylbis (oxy)) bis (3-methyl-
4,1-phenylene))  bis  (4-(4-aminophenyl) | Yellow J 213-215
pyrimidin-2-ol)
6,6'-((ethane-1,2-diylbis (oxy)) bis (3-methyl- Widht

i
4,1-phenylene))  bis  (4-(4-aminophenyl) J 197-200 8
Yellow

pyrimidine-2-thiol)

88
79
5
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1,2-bis(2-methyl-4-(3-(4-nitrophenyl)-4,5-

) ( Y43 pheny) Yellow | 125-127
dihydro-1H-pyrazol-5-yl)phenoxy) ethane
6,6'-((ethane-1,2-diylbis(oxy))bis(3-methyl- -

ri
4,1-phenylene))bis(4-(4- J 217-220

) o yellow
nitrophenyl)pyrimidin-2-ol)
6,6'-((ethane-1,2-diylbis (oxy)) bis (3-methyl-
4,1-phenylene)) bis (4-(4-nitrophenyl) brown [193-195
pyrimidine-2-thiol)
1,2-bis(2-methoxy-4-(3-(p-tolyl)-4,5-dihydro-

Yellow [ 117-119
1H-pyrazol-5-yl)phenoxy)ethane
6,6'-((ethane-1,2-diylbis(oxy)) bis (3-methoxy- i
(( iy (0xy)) ( methoxy-Foright [119; 193
4,1-phenylene)) bis (4-(p-tolyl)pyrimidin-2-ol) yellow

6,6'-((ethane-1,2-diylbis(oxy)) bis (3-methoxy-
4,1-phenylene)) bis (4-(p-tolyl)pyrimidine-2-
thiol) yeI low

bright [ 1g6.188
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Fig. 4: Substituents Heterocyclic Compounds.

R= NHz, NOz, CH3

b. Maintenance of cell cultures

Cancer cell line (CAL51) was collected from the IRAQ Biotech company Cell Bank Unit in
Basrah, RPMI-1640 supplemented used in maintained with 10% Fetal bovine, penicillin 100
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unit/ml and streptomycin 100 ug/ml. Trypsin-EDTA have been used in passaging Cells were
reseeded at 50% confluence twice per 7 days and incubated at 37 °C and 5% CO2 [14].

C. Combination Cytotoxicity Assays

Cytotoxic effect determine throgh the [3- 4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] MTT cell viability assay was carry out on 96-well plates. Cell line CAL51 were spored at
1 x 10* cells/well. After 24 hr. monolayer was completed, Then its treated with our compounds
with critical concentration (1000) pug/ml. After 72 hrs. of treatment cell viability was measured by
removing the medium, adding 28 pL of 2 mg/mL solution of MTT and incubating the cells for 2 hr.
at 37 °C. The crystals remaining in the holes after removing the MTT solution, then added DMSO
100 pL to solubilized it where followed by incubation at 37 °C for 15 min with shaking [15]. The
absorbency was determined on a microplate reader at 620 nm (test wavelength); the assay was
performed in triplicate. The inhibition rate of cell growth (the percentage of cytotoxicity) was

calculated as the following equation:

Proliferation rate (PR)= B/A*100

A = is the mean optical density of untreated wells
B = is the optical density of treated wells
IR=100- PR [16].

3. Elemental Analysis

The synthesized chalcones and heterocyclic compounds were characterized by elemental
analysis (CHNO-S), and their spectra were recorded by Eager 300 for EA1112 Analyzer. It was
found that the calculated values of carbon, hydrogen and nitrogen elements are compatible with
observed value which confirmed the validity of the suggested structure of the synthesized

compounds. As shown in Tables 2.
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Table 2: Elemental Analysis of Chalcone Compounds

Calculated Observed
Molecular
o ~

C34H36N6O4
14.18 68.96 14.10
13.03 67.11 13.10
12.41 §{9.47 § 63.83 12.37
5
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N
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N
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704.64

I
11.93 61.29 11.85 D

H 8.70 | 58.59

9
8

4
4
4

CasH28N6OsS:

3

6.12
5.00
.76 45
.90
.00
.83 .
6.48
5.33
5.08

N
o

736.77

71 A7 D

CasH3sN4O4

N
~

590.71

CzsH34N4Os

N

642.70

D I
CSSH34N4O4SZ .lIlIl
8 9.50 J|67.50 §|5.17 |8
This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 84
NonCommerecial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).

N

674.83

I l
H l
I l
I l



http://creativecommons.org/licenses/by-nc/4.0/

Basrah Journal of Science Vol. 39(1), 78-95, 2021

4. Result and discussion

The compounds were synthesized by the reaction of (0.02 mole) of hydrazine, urea and thiourea
respectively with (0.01) mole of appropriate chalcones by using 40% KOH in DMF. Microwave
irradiation was used at a different time 4-6 min. The mechanism of reactions was explained by
means of nucleophilic attack of amino group related to (hydrazine, urea and thiourea) followed by

cyclization, fig. 5 and 6 illustrat the mechanisem of heterocyclic compounds synthesis.

HoN—NH
0 to 0
XOCHZCHZOX . XOCHZCHQO O \ O X
OCH3 3HCO OCH3 OCH3 OH
HoN—NH, %
H2N-N
HN—N
0 | 0 \(Vl
XOCHZCHZO O \ O X —m xOCH20H20 O O X
OCH3 OCH3 OCH3 OCH3

X= NHz, NOz, CH3

Fig. 5: Formation of Pyrazole Compounds
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Fig. 6: Formation of Thiopyrimidine and Oxopyrimidine Compounds
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The IR spectra of heterocyclic compounds synthesized in this study were characterized
through disappearance of the strong absorption band which was belong to the stretching (C=0)
group at (1634-1684) cm™ which belong to the chalcone compounds. These facts enhance the
correct expected chemical structure of these compounds. While, The FTIR spectra of heterocyclic
compounds in figures (3-8) - (3-16) showed strong absorption bands in the range (1647-1697) cm™
due to (C=N) stretching of azomethane group. Moreover, to these bands, there was medium bands
showed in the region (1450-1600) cm™ which were impute to the (C=C) aromatic group. The IR
spectra of compounds (Z2, Z5, and Z8) showed the strong absorption bands at region (3200-3610)
cm™* which belong to (O-H) group stretching in Oxopyrimidine compounds. When the compounds
(Z3, Z6 and Z9) showed strong bands between the range (2511-2576) cm™ due to the (S-H) group
stretching in thiopyrimidines. However, all these spectra shewed absorption bands in the range
(3000-3100) cm™, were belong to the aromatic (-CH) stretching and bands between the region
(2916-3000) cm™ attributed to the (-CH) or (CH3). Moreover, the IR spectra for compounds (Z1,
Z2 and Z3) appeared in region between (3224-3369) cm™ a strong absorption band which belong to
NH stretching. The absorption bands data of these compounds are illustrate in table 3. These results
conformed to the information in the literature [17-22].

Table 3: Data of the FT-IR Spectra of Heterocyclic Compounds

vOH vNH> vCH
Str. Str. . Str. . Str. . Ar. Str.
cm-1 cm-1 cm-1

vS-H
Str.
cm-1
3448s
3058w 2928w
3367

n

'
3448s

72 3568s 3073w
3375
3564

73 3063w 2900 2533
3448

E
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The synthesized heterocyclic compounds were recognized by *H NMR spectroscopy. The data

of 'H NMR for these compounds are illustrated in Table 4. These showed similar patterns of the
heterocyclic strictures and characterized by the presence of aromatic protons. The *H NMR spectra
of all heterocyclic compounds showed signals at (6.50-8.66) ppm which belong to aromatic ring
[23-25]. This fact compatable with the chemical structure of these compounds. The low field singlet
within the region (9.30-9.87) ppm were refered to hydroxyl group (OH) signal in the cmpounds Z2,
Z5 and Z8 [26]. Moreover, all spectrum of heterocyclic compounds showed singlet signals at
reagion (2.22-3.85) ppm due to the protons of methoxy beside methyl groups in Z7, Z8 and Z9. The
spectra of Z1, Z4 and Z7 were characterized by the egress of the protons of Pyrazole ring [27-30].
The low field singlets in the region (9.00-9.88) ppm were referred to thiol (SH) signals in
thiopyrimidine Z3, Z6 and Z9 compounds. In addition, the low field singlets in the region (9.60-
9.90) ppm were assigned to primary amine signals in Z1, Z2 and Z3 compounds [26,31].

Table 4: Chemical Shift (ppm) of Heterocyclic Compounds
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While, in 3C MNR all spectra showed multi peaks, in the region (39-40) ppm due to the
DMSO solvent, the most important thing which give strong evidence to support our Hetero
syntheses is disappear peck at region (185-195) for C=0 group in all hetero compounds spectra.
Also, all *C NMR spectrum of the Heterocyclic compounds showed signals at (50 -70) ppm
chemical shift due to the (OCH3) and (OCH) groups, Z7, Z8, and Z9 showed single peck at (21)
ppm for CHs group [32]. Moreover, 3C NMR spectra for all prepared chalcones showed signals
within region (108-150) ppm for aromatic system [33,34] 3C NMR data of these compounds are

summarized in Table 5 and numbering of carbon atoms in Fig. 5.

14

R= NHz, NOz, CH3

Fig. 6: Numbering Carbon Atoms of Heterocyclic Compounds
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Table 5: Chemical Shift (ppm) of Hererocyclic Compounds
6 [108.13 108.13 W 110.26
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5. Biochemical Application

The in-vitro cytotoxicity assay of prepared Heterocyclic compounds all hetero compound
except (Z2) shown high inhibition rate more than 50%. Heterocycles are a good choice when
designing molecules that will interact with targets and disrupt the biological pathways associated
with cancer progression. Pathways related to cell growth and development are often targeted such
anticancer therapies. Nitrogen based heterocyclic are particular importance in anticancer drug
design because their ability to induce cell death [35], all heterocyclic compounds except (Z2) shown

high inhibition rate more than 50 %, as shown in Table 6 and Fig.6.

Table 6: Rate of inhibition for heterocyclic compounds on CAL51 cell line

Compounds ( 1 mg/ml) % Inhibition

Control

y4
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Fig. 6: Rate of inhibition for heterocyclic compounds on CAL51 cell line.

Conclusions

Obtained results confirmed that the heterocyclic compounds derivative from chalcones have
high efficiency in inhibition of spread the cancer in live cells. In otherwise, the microwave assisted
in chemistry synthesis very useful in reaction time with high yield and purity for the specific

product compared with conventional methods.
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