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ABSTRACT

The building block synthon, 1-(4-(1,3-diphenyl-1H-pyrazol-4-yl)-6-methyl-
2-thioxo-1,2,3,4-tetrahydropyrimidin-5-yl)ethan-1-one  was efficiently
synthesized by Biginelli reaction of 1,3-diphenyl-1H-pyrazole-4-carbal-
dehdye, acetylacetone, and thiourea and submitted to react with ethyl KEYWORDS
chloroacetate and chloroacetyl chloride under different conditions to DFT; docking; insecticidal;
afford some N-heterocycles integrated with pyrazole scaffold.  tetrahydropyrimidinethione;
Hydrazinolysis of the pyrimidinethione was studied under different con- thiazolopyrimidine

ditions. The insecticidal activity for these compounds, DFT calculations,

and docking were run and discussed. Some of them exhibited 100%

mortality against Nilaparvata lugens and Mythimna separata.
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Introduction

Tetrahydropyrimidinones and pyrazoles represent important classes of compounds due
to their therapeutic and pharmacological properties such as antiviral, anti-inflammatory,
antihypertension, anticancer, antidepressant, anti-tuberculosis, antioxidant, insecticidal,
and antimicrobial activities." ¥ The common synthetic routes to these compounds
generally involve multi-step transformations that are essentially based on the Biginelli
condensation methodology. Multicomponent reactions constitute major importance in
organic synthesis because of its diversity, efficiency, and quick access to highly function-
alized organic molecules which make them significant in drug discovery process.?™ In
the past few years, the great interest of pyrazole derivatives has increased due to their
proven usefulness as intermediates in the preparation of new pharmacological materials.
Specifically, pyrazole derivatives have a long history of applications in the agrochemical
industry as insecticides, herbicides, fungicides, and acaricides. The pyrazole ring exists
in many agrochemically important compounds, such as the pesticides: fenpyroximate
furametpyr,!’”  cyantraniliprole,''®  cyenopyrafen,!'”!  tebufenpyrad,!*®’ and tolfen-
pyrad,"” (Figure 1). Also, it was reported that the insecticidal activity of some pyrazole
methanesulfonates against Diabrotica undecimpunctata Howardi, Nilaparvata lugens,
and Nephotettix cincticeps displayed a very high level of activity against D. undecimpunc-
tata Howardi, and N. lugens, N. cincticeps,**" and a series of N-pyridylpyrazolecarboxa-
mide derivatives exhibited excellent insecticidal activities against oriental armyworm
(Mythimna separata) and diamondback moth (Plutella xylostella).[m

Prompted by these observations and in continuation of our research group'”'*), we
herein report the synthesis and reactions of tetrahydropyrimidinethione bearing pyra-
zole scaffold aiming to design some new pyrazolylpyrimidine derivatives to evaluate
their insecticidal activity against N. lugens and M. separata. The DFT calculations and
docking were discussed. This approach has been used for a variety of applications in
organic synthesis and functional group transformations.

Results and discussion
Chemistry

Herein, tetrahydropyrimidinethione 2 was efficiently prepared via Biginelli cycloconden-
sation reaction of pyrazole aldehyde!®? 1, acetylacetone and thiourea (Scheme 1) and
utilized as a key building block synthon for construction of valuable N-heterocycles.
The structure of pyrimidine 2 was established on the basis of its analytical and spectral
data. Pyrimidine 2 could exist in three tautomeric structures (Scheme 1). DFT based on
quantum chemical parameters was good agreement with three tautomeric structures in
which highly conjugated 3,4-dihydropyrimidin-(1H)-thione (2) cause the lower in
HOMO energy and increase the energy gap AE = Epomo — Erumo. Due to the
approximately 80% planarity of the pyrazole nucleus toward the pyrimidine moiety in
the tautomer 2c (Figure 2). Furthermore, increase the nucleophilicity of the pyrmidine
2 (n=1/®) as outlined in Table 1 may be explained the reactivity of the pyrimidine 2
with different electrophilic reagent although the lower HOMO energy. One of interest-
ing electrophilic reagents is ethyl chloroacetate or chloroacetyl chloride which has two
electrophilic sites and reacted with nucleophiles via SN® or tetrahedral mechanism
(THM)[>23-2%) dependent on the reaction conditions.
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CH,

R= p-t-BuC¢H, (Tebufenpyrad)
R=4-C¢Hy4-O-(4-Me)Cy¢H, (Tolfenpyrad)

Figure 1. Agrochemical molecules containing pyrazole scaffold.

The reaction of pyrimidine 2 with ethyl chloroacetate under different conditions was
studied and found to afford thiazolopyrimidine derivative 4 as a sole product (Scheme
2). The IR spectrum of compound 4 displayed the stretching absorption band for C=0
of thiazolidinone ring at v 1707cm™'. The "H-NMR spectrum exhibited singlet for
methylene protons in the upfield region and was devoid of the triplet and quartet sig-
nals of ethyl ester group which exclude the open structure 3. Furthermore, the mass
spectrum evidenced the assigned structure by showing the correct molecular ion peak
besides some interesting abundant peaks. The formation of compound 4 could be
explained via formation of the S-alkylated product 3 in first followed by cyclization to
eliminate ethanol molecule. Regioselective reaction of the pyrimidine 2 with ethyl chlor-
oacetate takes place via SN® reaction proceeding via withdrawing CI~ by the base
(potassium carbonate or sodium acetate) to remove KCl followed by cyclization to
afford 4-oxo-1,3-thiazole 4 rather than 5-oxo derivative.
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Scheme 1. Synthesis of tetrahydropyrimidinethione 2.

DFT optimization structure of the 4-oxo-1,3-thiazole 4 was cyclized via N, (blue
color) rather than N; (red color) even though steric strain of the ring formation of 4-
oxothiazole with diphenylpyrazole ring as in Figure 2 that outlined the electronic factor
plays an important role in the stability of the product 4. From DFT stimulation (Figure
3), the compound 4 has activation energy at AG =31.509 kcal/mol which is more pro-
ceeding than its Regio isomer 4’ that has activation energy at AG =77.644 kcal/mol as
outlined in Figure 4. According to exact Arrhenius model,**! it has calculated the pre-
exponential factor, entropy, and Gibbs energy which have good agreement with the
experimental "H-NMR spectrum of the compound 4 where it revealed the singlet signal
of the proton (H) of C; pyrimidine nucleus at chemical shift § 6.36 ppm that differ
from proton (H) of its Regio isomer of thiazolopyrimidine 4.

Ph
\

H,C N

~

Compound 4 Compound 4'
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Figure 2. Optimized structures (left), HOMO (middle) and LUMO (right) for the potent insecticidal
compounds. Color index: White H, Gray C, Blue N, Red O, yellow S and Green Cl.
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Table 1. DFT parameters calculated for the synthesized compounds.

Dipole Surface
moment, Hydration area, Electrophilicity,
Comp. No.  FEyomo (&Y)  Eiumo (€Y)  AF (umo-omoy i (Debye)  E (kcal/mol) A, (hm?) ® (eV)
2 —10.93 —0.886 9.664 —0.526 —20.691 1183.34 1.12
4 —7.42 —0.342 3.478 0.4520 —50.462 909.23 434
5 —7.75 —0.810 3.030 13.879 —55.453 1354.25 5.24
6 —7.85 —0.752 2.738 4,733 —59.942 1187.32 3.27
7 —8.17 —1.261 2.359 3.810 —29.331 1034.24 3.38
9 —2.271 —1.553 2.447 12.256 —53.272 1126.34 247
0 R B N
O
H,C Cl\)k H5C
3 | 0/\
e N AcONa/EtOH \/
3 H or K,CO3/Acetone
or K,CO3/EtOH
2
- cylization in Situ -
Ph (- EtOH)
A
R= N (0]
\I'\T R 0
Ph
H;C | N
/‘\S
H;C N

Scheme 2. Reaction of pyrimidinethione 2 with ethyl chloroacetate.

It was fortunate that reaction of pyrimidine 2 with chloroacetyl chloride was mainly
dependent on the reaction conditions. Indeed, when the reaction was executed in trie-
thylamine/dioxane at room temperature, the S-acylated product 5 was obtained (Scheme
3). The reaction in refluxing triethylamine/benzene afforded 2-hydroxythiazolopyrimi-
dine 6 via tetrahedral mechanism (THM) reaction of thiol with the carbonyl precursors.
The 'H-NMR spectrum of compound 6 indicate the 2-hydroxy tautomer is approxi-
mately 80% more than 5-oxo-1,3-thiazolopyrimidine. While in refluxing compound 2
with chloroacetyl chloride in the presence of potassium hydroxide/ethanol, thiazolopyri-
midine derivative 4 was obtained as a sole product. The chemical structures of all prod-
ucts were substantiated from their analytical and spectral data (cf.
“Experimental”).

In turn, hydrazinolysis of pyrimidinethione 2 failed to give the expected hydrazino-
pyrimidine 8 and led to the formation of diheteryl hydrazine-1-carbothioamide 9 and
diheteryl azine 10 when the reaction was executed in refluxing ethanol and in neat,
respectively (Scheme 4). The spectral data were in a good agreement with the proposed
chemical structures. Further, the structure of azine 10 was supported by an authentic
sample prepared from condensation of the pyrazole aldehyde 1 with hydrazine hydrate
in refluxing ethanol.”! Formation of compounds 9 and 10 could be visualized to occur

section
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Figure 4. Energy diagram of the reaction progress outline the regioselectivity of the compound 4
than its Regio isomer 4'.

as depicted in Scheme 5. Presumably, the formation of diheteryl azine 10 involved con-
densation of the concerned substrate 2 with one equivalent of hydrazine to give the cor-
responding diheteryl hydrazine-1-carbothioamide 9 followed by nucleophilic attack of a
second hydrazine molecule to C=N segment. Compelling evidence for the assigned
structure was forthcoming by increase the % yield upon increase the molarity of the uti-
lized hydrazine. Therefore, when the reaction was carried out using equimolar ratios of
both the substrate 2 and the co-reactant hydrazine hydrate, the % yield of the azine 10
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Scheme 3. Behavior of pyrimidinethione 2 toward chloroacetyl chloride.

was only 42%. In turn, when the concentration of hydrazine hydrate is doubled relative
to that of the substrate 2, this resulted in an increase of the % yield to 71%.

Presumably, hydrazinolysis in boiling ethanol afforded product 9 due to the presence
of protic solvent e.g., ethanol can be competitive and weaken the nitrogen nucleophile
e.g., hydrazine hydrate that is preferred to attack the reactant molecule 2 than product
9. Moreover, the solvation of product 9 with ethanol affords more stability of the Schiff
base 9 because of the presence of four sites to form intermolecular hydrogen bond with
ethanol. Nevertheless, in neat hydrazine hydrate, DFT simulation approach the reactivity
of LUMO of the thiosemicabazone derivative 9 to the HOMO of hydrazine is lower in
energy gap than LUMO of the pyrimidine thione 2. So, in the neat hydrazine hydrate,
it preferred to complete the reaction via the true intermediate 9 to afford azine deriva-
tive 10 (see more in Scheme 5).
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Scheme 4. Hydrazinolysis of pyrimidine 2.

Computational studies (DFT methods)

DFT studies were carried out for the pyrimidine and thiazolopyrimidine compounds
using Materials Studio 6.0 (MS 6.0) software from Accelrys, Inc. DMol3 module was
used to perform the DFT calculations using Perdew and Wang LDA exchange-correl-
ation functional and DND basis set. The calculated parameters involved the electron
density, dipole moment, and Frontier molecular orbitals and the molecular surface area.
Frontier molecular orbitals include the highest occupied molecular orbitals (HOMOs)
and the lowest unoccupied molecular orbitals (LUMOs).12?%) The molecular structures
of the synthesized compounds are superior to be formed to a stable geometry is known
as optimization. Such the energy of the structure is transported to a stationary point,
the geometry of pyrimidine derivatives is gradually optimized, and its energy is
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Scheme 5. Plausible pathways for the formation of compounds 9 and 10.

continuously decreased until the fluctuations in the molecule energy are minimized.
Frontier molecular orbitals possess the highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) (Figure 2). The regions of highest
electron density (HOMO) characterizes the electrophilic-attacking sites, while the
LUMO imitates the nucleophilic-attacked sites.*>*! The quantum chemical computa-
tion could be exploited this reaction at the different conditions afforded different prod-
ucts 2-10 (Table 1).

Insecticidal activity

The insecticidal activities of compounds 2-10 were measured against M. separata and
N. lugens according to the standard test'®'! with a slight modification. The test analogs
were dissolved in DMF and serially diluted with water containing Triton X-80
(0.1 mg/L) to obtain the required concentrations. The insects were reared at 25 (+1)°C
and groups were transferred to glass Petri dishes. All experiments were carried out in
three replicates for the purpose of statistic requirements. Assessments of mortality were
calculated 72h by the number and size of the live insects relative to those in the nega-
tive control. Evaluations were based on a percentage scale of (0=no activity and
100 = complete eradication). The mortality rates were subjected to probity analysis.!**
Phenytoin and carbamazepine were used as positive control while water containing
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Table 2. Insecticidal activity of the synthesized compounds against Mythimna separata and
Nilaparvata lugens.

Insecticidal activities at different concentrations (ig/mL) (mortality, %)

Comp.
Mythimna separata Nilaparvata lugens

500 200 100 50 25 500 200 100 50 25
2 929 87.2 73.8 73.8 66.9 92.2 781 75.2 74.5 67.9
4 96.6 92.3 69.1 65.3 63.2 91.3 86.4 77.5 73.2 69.2
5 60 57.2 43.7 337 241 65.2 63.1 57.2 51.0 42.8
6 44.6 29.8 143 9.0 6.2 45.2 235 1.4 9.8 23
7 95.2 94.2 83.8 84.5 75.2 89.4 87.9 85.1 81.2 76.7
9 99.4 96.2 85.1 83.8 79.6 98.7 87.6 82.0 79.8 719
10 70 60.0 56.4 53.7 37.1 78 75.0 73.2 60.4 57.8
Phenytoin 100 100 100 98 93 - - - - -
Carbamazepine - - - - - 100 100 100 91 85

Table 3. LCs, values of compounds 2, 4, 7 and 9 with phenytoin and carbamazepine against
Mythimna separata and Nilaparvata lugens, respectively.

Insects Compd. LCso (mg/L) y=a+bx Toxic ratio
Mythimna separata 2 4.856 y = 3.1852 + 1.0493x 0.980
4 5.587 y = 2.35527 4+ 1.59130x 0.943
7 6.732 y = 2.15892 + 1.2746x 0.927
9 5.774 y = 2.09929 + 1.7009x 0.869
Phenytoin 7.643 y = 3.732 4 1.46x 0.992
Nilaparvata lugens 2 5.865 y = 2.3643 + 1.5001x 0.974
4 1.768 y = 2.6981+ 1.1224x 0.980
7 7.103 y = 3.4268 + 0.8336x 0.936
9 5.294 y = 2.3290 + 1.4716x 0.915
Carbamazepine 3.562 y = 2.2280 + 1.3748x 0.994

Triton X-80 (0.1 mg/l) was used as negative control. The results listed in Table 2 indi-
cated that most of the title compounds showed weakly insecticidal activity against the
two pests. However, some of the compounds displayed good insecticidal activities. For
example, compounds 4 and 9 showed approx. 100% activities at 500 pg/mL and 50%
activities at 50 pg/mL against both M. separata and N. lugens, whereas they exhibited
93.1% and 95.0% activity, respectively, against N. lugens at 500 pg/mL. In addition, com-
pounds 2, 7 and 9 also showed good insecticidal activities, the mortalities of them
against M. separata were 92.9, 95.2, and 90.4%, respectively (500ug/mL), and with
200 pg/mL concentration, the activity of compound 7 against M. separata was still
94.2%. Furthermore, the activities of compound 2 against N. lugens at 200 ug/mL were
78.1% and 77.6% for compound 9.

The LCsy of compounds 2, 4, 7 and 9 were further evaluated and the results listed in
(Table 3). The LCs, values of such compounds on M. separata were much lower than
that of Phenytoin which indicated that the activities of these compounds on M. separata
are better than standard reference. On the other hand, The LCs, value of compound 4
on M. separata was much lower than that of Carbamazepine which indicated that its
activity on N. lugens is better than standard reference. Toxic ratio is defined as the ratio
of the imidacloprid’s LCs, value for base line toxicity and the compounds’ LCs, value.
DFT based on the dipole moment (x) is a promising measurable parameter for the
molecular polarity, it is clearly evident from Table 3 that compounds 2, 4 and 9 exhibit
high polarities and the possibility of binding with insecticidal Tyr69A and Argl92A
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Phenytoin Carbamazepine

Figure 5. Binding interaction poses of phenytoin and carbamazepine with GABA-AT receptor (PDB ID:
10HW). Compounds represented as tube, H-bonding as blue line and hydrophobic interactions as yel-
low dashed lines.

which in turn favored. So, they are most potent insecticidal activity. The hydration
energy can be echoed the more solvated parts of synthesized compounds that be con-
tributed to attack the insect resulting in most potent activity for such compounds
(Table 1). For more confirmation, the nucleophilicity index (®) as well as the surface
area, follow the order: 9>2> 4>5 are in conformity to insecticidal activity.
Accordingly, the DFT data run in harmony with the previous obtained results
(cf. Tables 1-3).

Molecular docking

Chem-bioinformatics studies speed wup target arrangement and rational drug
design®>**! convenience of 3D coordinates of the receptor besides facilitating the pro-
cess and techniques like molecular docking can be used to study the binding of drug to
receptor enzyme. To understand the molecular basis of insecticidal activity of the newly
designed of pyrimidine derivatives (2-10) and to discover the binding mechanisms of
these molecules, the authors docked these molecules into the active site of GABA-AT
receptor that is a homo-tetramer and the active site is present at the interface of two
monomers that extracted the coordinates corresponding to chain A and B. The active
site residues consist of chain A (His44A, Tyr69A, Ile72A, Glyl36A, Serl137A, Phel89A,
Argl92A, Lys203A, Ile205A, His206A, Glu265A, Ser269A, Glu270A, Glu298A, Val300A,
Lys329A, Argd22A, Asn423A, Ile426A, Gly438A, Gly440A) and chain B (Tyr348B,
Phe351B, Thr353B). In our docking study, first, we evaluated following available anti-
epileptic drugs: Phenytoin (4.1kcal/mol) showed three H-bonds with Gly440A,
Glu270A, and His206A. Likewise, carbamazepine (4.2 kcal/mol) showed three H-bonds
with His44A, Tyr69A and Gly438A (Figure 5). The docking score (in kcal/mol) of all
newly synthesized pyrimidine analogs range was better than the available standard
drugs. Docking results (docking score, non-covalent interactions: H-bonds, p-cation, p-
stacking, halogen bonds, and salt bridges) of all molecules in GABA-AT active site are
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Compound 4 Compound 9

Figure 6. Binding interaction poses of compounds 4 and 9 with GABA-AT receptor (PDB ID: TOHW).
Compounds represented as tube, H-bonding as blue line, p—p interactions as green dashed line, p-cat-
ion interactions as magenta dashed line, and hydrophobic interactions as yellow dashed lines.

shown in Figures 5 and 6. Among all, the best three scoring molecules are 2 (5.6 kcal/
mol), 4 (5.6kcal/mol), and 9 (5.4 kcal/mol). Compounds 2 and 4 showed similar inter-
actions: two H-bonds (His206A and Thr353B), one p-stacking interaction (Phe351B)
and one p-cation interaction (Lys203A) (Figure 6). Thiosemicarbazone derivative 9
made three H-bonds with Tyr69A and Argl92A (two H-bond). It also showed a
p-stacking with Tyr348B and a p-cation interaction with Lys203A (Figure 6). The
substituted 5,6-dihydropyrimidine-2(1H)-thione analogs showed characteristic features
to make H-bonds, p-cation, p-stacking and halogen bonds with GABA-AT. N-3
(of pyrimidine ring) made H-bond with Tyr69A and His206A.

Conclusion

A 1-(4-(1,3-diphenyl-1H-pyrazol-4-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidin-
5-yl)ethan-1-one was synthesized by Biginelli reaction of 1,3-diphenyl-1H-pyrazole-4-
carbaldehdye, acetylacetone and thiourea and submitted to react with ethyl
chloroacetate and chloroacetyl chloride under different conditions to construct some
N-heterocycles bearing 1,3-diphenylpyrazole scaffold. Hydrazinolysis of the pyrimidi-
nethione was also studied under different conditions to produce thiosemicarbazone
and azine derivatives. The explanation of insecticidal activity for these newly synthe-
sized compounds was discussed via DFT-based quantum calculations and molecu-
lar docking.

Experimental
Chemistry

All melting points were measured on a GALLENKAMP electric melting point apparatus
and are uncorrected. All chemicals and solvents used were obtained from commercial
sources and used as received or dried by standard procedures. The IR spectra (v, cm™ ")
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were recorded using potassium bromide disks on Fourier Transform Infrared Thermo
Electron Nicolet iS10 Spectrometer (Thermo Fisher Scientific Inc., Waltham, MA, USA)
at the Central Laboratory of Faculty of Science, Ain Shams University. The 13C and
"H-NMR spectra (dy, ppm) were run at 100 and 400 MHz on BRUKER NMR
Spectrometer (BRUKER, Manufacturing & Engineering Inc., Anaheim, CA, USA) using
tetramethyl silane (TMS) as internal standard in deuterated dimethylsulfoxide (DMSO-
d¢) at Faculty of Pharmacy, Ain Shams University. The mass spectra (MS) were
recorded on Shimadzu GC-MS-QP-1000 EX mass spectrometer (Shimadzu Scientific
Instruments, Inc., USA) operating at 70eV at the Regional Center for Mycology and
Biotechnology (RCMB) of Al-Azhar University, Nasr City, Cairo, Egypt. The reactions
were monitored by thin layer chromatography (TLC) using Merck Kiesel gel 60 F,s4
analytical sheets obtained from Fluka, Switzerland. The starting aldehyde, namely 1,3-
diphenyl-1H-pyrazole-4-carbaldehyde (1), was prepared according to the literature pro-

cedure via the Vilsmeier-Haack reaction of acetophenone phenylhydrazone.**!

General procedure for the synthesis of pyrimidinethione 2

An equimolar mixture of pyrazole aldehyde 1, thiourea, and acetylacetone (5mmol) in
N,N-dimethylformamide (10 mL) containing 2-drops of concentrated sulfuric acid was
heated on oil bath at 140-150 °C for 2h. After cooling, the reaction mixture was poured
onto ice-cold water. The separated solid was filtered off, dried and recrystallized from
benzene to afford pyrimidinethione 2.

1-(4-(1,3-Diphenyl-1H-pyrazol-4-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidin-
5-yl)ethan-1-one (2)

Brown crystals, mp. 210-212°C, yield 81%. Anal. Calcd. for C,,H,oN,OS (388.49): C,
68.02; H, 5.19; N, 14.42. Found: C, 67.88; H, 4.98; N, 14.29%. IR (KBr, v, cm™'): 3377,
3223 (2 NH), 1682 (C=0), 1622 (C=N), 1185 (C=S). 13C-NMR (100 MHz, DMSO-d,,
5, ppm): 195.0 (C=0), 1743 (C=S), 150.8 (C=C), 144.4 (C=N), 139.7, 133.2, 130.0,
129.0, 128.9, 128.5, 128.4, 126.9, 125.0, 124.0, 119.0, 118.9 (Ar-C), 111.7 (C=C), 46.1
(CH), 30.7 (CH;C=0), 19.8 (CHs). '"H-NMR (400 MHz, DMSO-ds, 9, ppm): 10.24
(br.s, 1H, NHCS, exchangeable), 9.73 (br.s, 1 H, NH, exchangeable), 8.31 (s, 1 H, Cs-H
pyrazole), 7.88-7.31 (m, 10H, Ar-H), 548 (s, 1H, C4-H pyrimidine), 2.37 (s, 3H,
CH,CO), 2.02 (s, 3H, CH,). EIMS (70eV, m/z, %): 390 (I[M*+2], 22), 388 (M™*, 55),
335 (25), 130 (33), 125 (100), 104 (73), 91 (51), and 77 (81).

Full experimental details, tables, figures and spectroscopic data can be found in
Supplemental files.

Acknowledgments

Technical supports from Chemistry Department, Faculty of Science, Ain Shams University and
Aysel-lab in insect blocked company are gratefully acknowledged.


https://doi.org/10.1080/00397911.2020.1720739

SYNTHETIC COMMUNICATIONS® 1173

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Sayed K. Ramadan ([®) http://orcid.org/0000-0003-2743-6544
Sameh A. Rizk http://orcid.org/0000-0002-8232-5399
Maher A. El-Hashash () http://orcid.org/0000-0003-2550-8479

References

(1]

(2]

(10]

(11]

(12]

Ramadan, S. K.; Abou-Elmagd, W. S. L. Synthesis and anti H5N1 Activities of Some Novel
Fused Heterocycles Bearing Pyrazolyl Moiety. Synth. Commun. 2018, 48, 2409-2419. DOI:
10.1080/00397911.2018.1491995.

Sujith, K. V,; Rao, J. N.; Shetty, P.; Kalluraya, B. Regioselective Reaction: Synthesis and
Pharmacological Study of Mannich Bases Containing Ibuprofen Moiety. Eur. J. Med.
Chem. 2009, 44, 3697-3702. DOI: 10.1016/j.ejmech.2009.03.044.

Ramadan, S. K; El-Helw, E. A. E.; Sallam, H. A. Cytotoxic and Antimicrobial Activities of
Some Novel Heterocycles Employing 6-(1,3-Diphenyl-1H-Pyrazol-4-yl)-4-Oxo-2-Thioxo-
1,2,3,4-Tetrahydropyrimidine-5-Carbonitrile. Heterocycl. Commun. 2019, 25, 107-115.
DOLI: 10.1515/hc-2019-0008.

Isloor, A. M.; Kalluraya, B.; Shetty, P. Regioselective Reaction: Synthesis, Characterization
and Pharmacological Studies of Some New Mannich Bases Derived from 1,2,4-Triazoles.
Eur. J. Med. Chem. 2009, 44, 3784-3787. DOI: 10.1016/j.ejmech.2009.04.038.

Rizk, S. A.; Abdelwahab, S. S.; Sallam, H. A. Regioselective Reactions, Spectroscopic
Characterization, and Cytotoxic Evaluation of Spiro-Pyrrolidine Thiophene. J. Heterocyclic
Chem. 2018, 55, 1604-1614. DOI: 10.1002/jhet.3195.

Larhed, M.; Hallberg, A. Microwave-Assisted High-Speed Chemistry: A New Technique in
Drug Discovery. Drug Discovery Today 2001, 6, 406-416. DOI: 10.1016/S1359-
6446(01)01735-4.

Ramadan, S. K. Sallam, H. A. Synthesis, Spectral Characterization, Cytotoxic, and
Antimicrobial Activities of Some Novel Heterocycles Utilizing 1,3-Diphenylpyrazole-4-
Carboxaldehyde Thiosemicarbazone. J. Heterocyclic Chem. 2018, 55, 1942-1954. DOL: 10.
1002/jhet.3232.

Ramadan, S. K.; Shaban, S. S.; Hashem, A. I. Facile and Expedient Synthesis and anti-
Proliferative Activity of Diversely Pyrrolones Bearing 1,3-Diphenylpyrazole Moiety. Synth.
Commun. 2020, 50, 185-196. DOI: 10.1080/00397911.2019.1691737.

Abou-Elmagd, W. S. I; El-Ziaty, A. K; Elzahar, M. I; Ramadan, S. K; Hashem, A. 1.
Synthesis and Antitumor Activity Evaluation of Some N-Heterocycles Derived from
Pyrazolyl-Substituted 2(3H)-Furanone. Synth. Commun. 2016, 46, 1197-1208. DOI: 10.
1080/00397911.2016.1193755.

El-Ziaty, A. K; Abou-Elmagd, W. S. I; Ramadan, S. K.; Hashem, A. I. Synthesis and
Biological Screening of Some Chromonyl-Substituted Heterocycles Derived from 2(3H)-
Furanone Derivative. Synth. Commun. 2017, 47, 471-480. DOI: 10.1080/00397911.2016.
1271896.

Ramadan, S. K; El-Helw, E. A. E; Azab, M. E. 2-Cyano-N’-[(1,3-Diphenyl-1H-Pyrazol-4-
yl)Methylidene] Acetohydrazide in the Synthesis of Nitrogen Heterocycles. Russ. J. Org.
Chem. 2019, 55, 1940.

El-Helw, E. A. E; Sallam, H. A, Elgubbi, A. S. Antioxidant Activity of Some N-Heterocycles
Derived from 2-(1-(2-Oxo-2H-Chromen-3-yl)Ethylidene) Hydrazinecarbothioamide. Synth.
Commun. 2019, 49, 2651-2661. DOI: 10.1080/00397911.2019.1638938.


https://doi.org/10.1080/00397911.2018.1491995
https://doi.org/10.1016/j.ejmech.2009.03.044
https://doi.org/10.1515/hc-2019-0008
https://doi.org/10.1016/j.ejmech.2009.04.038
https://doi.org/10.1002/jhet.3195
https://doi.org/10.1016/S1359-6446(01)01735-4
https://doi.org/10.1016/S1359-6446(01)01735-4
https://doi.org/10.1002/jhet.3232
https://doi.org/10.1002/jhet.3232
https://doi.org/10.1080/00397911.2019.1691737
https://doi.org/10.1080/00397911.2016.1193755
https://doi.org/10.1080/00397911.2016.1193755
https://doi.org/10.1080/00397911.2016.1271896
https://doi.org/10.1080/00397911.2016.1271896
https://doi.org/10.1080/00397911.2019.1638938

1174 K. N. M. HALIM ET AL.

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

Ramadan, S. K; El-Helw, E. A. E. Synthesis and Antimicrobial Evaluation of Some Novel
Heterocycles Derived from Chromonyl-2(3H)-Furanone. J. Chem. Res. 2018, 42, 332-336.
DOI: 10.3184/174751918X15295796734379.

Hashem, A. I; Abou-Elmagd, W. S. I; El-Ziaty, A. K; Ramadan, S. K. Ring
Transformation of a 2(3H)-Furanone Derivative into Oxazinone and Pyrimidinone
Heterocycles. J. Heterocyclic Chem. 2017, 54, 3711-3715. DOI: 10.1002/jhet.2937.

Kim, M., Sim, C; Shin, D.; Suh, E; Cho, K. Residual and Sublethal Effects of
Fenpyroximate and Pyridaben on the Instantaneous Rate of Increase of Tetranychus
Urticae. Crop Prot. 2006, 25, 542-548. DOI: 10.1016/j.cropro.2005.08.010.

Selby, T. P.; Lahm, G. P.; Stevenson, T. M.; Hughes, K. A.; Cordova, D.; Annan, L. B;
Barry, J. D.; Benner, E. A; Currie, M. J.; Pahutski, T. F. Discovery of Cyantraniliprole, a
Potent and Selective Anthranilic Diamide Ryanodine Receptor Activator with Cross-
Spectrum Insecticidal Activity. Bioorg. Med. Chem. Lett. 2013, 23, 6341-6345. DOI: 10.
1016/j.bmcl.2013.09.076.

Yu, H; Xu, M,; Cheng, Y.; Wu, H.; Luo, Y.; Li, B. Synthesis and Acaricidal Activity of
Cyenopyrafen and Its Geometric Isomer. Arkivoc 2012, 6, 26.

Marcic, D. Sublethal Effects of Tebufenpyrad on the Eggs and Immatures of Two-Spotted
Spider Mite, Tetranychus Urticae. Exp. Appl. Acarol. 2005, 36, 177-185. DOI: 10.1007/
$10493-005-3579-2.

Nonaka, N. Tolfenpyrad-A New Insecticide with Wide Spectrum and Unique Action.
Agrochem. Jpn. 2003, 83, 17.

Finkelstein, B. L.; Strock, C. J. Synthesis and Insecticidal Activity of Novel Pyrazole
Methanesulfonates.  Pestic.  Sci. 1997, 50, 324-328. DOI: 10.1002/(SICI)1096-
9063(199708)50:4<324::AID-PS596>3.0.CO;2-D.

Mao, M,; Li, Y; Liu, Q; Zhou, Y.; Zhang, X; Xiong, L.; Li, Y.; Li, Z. Synthesis and
Insecticidal Evaluation of Novel N-Pyridylpyrazolecarboxamides Containing Cyano
Substituent in the Ortho-Position. Bioorg. Med. Chem. Lett. 2013, 23, 42-46. DOI: 10.
1016/j.bmcl.2012.11.045.

Rathelot, P.; Azas, N.; El-Kashef, H.; Delmas, F.; Di Giorgio, C.; Timon-David, P;
Maldonado, J.; Vanelle, P. Vanelle, P. 1,3-Diphenylpyrazoles: synthesis and Antiparasitic
Activities of Azomethine Derivatives. Eur. J. Med. Chem. 2002, 37, 671-679. DOI: 10.
1016/50223-5234(02)01388-0.

Kumar, H.; Frischknecht, F.; Mair, G. R.; Gomes, J. In Silico Identification of Genetically
Attenuated Vaccine Candidate Genes for Plasmodium Liver Stage. Infect. Genet. Evol.
2015, 36, 72-81. DOI: 10.1016/j.meegid.2015.09.002.

El-Hashash, M. A, Rizk, S. A, El-Bassiouny, F. A, Guirguis, D. B.; Khairy, S. M,;
Guirguis, L. A. Facile Synthesis and Structural Characterization of Some Phthalazin-
1(2H)-One Derivatives as Antimicrobial Nucleosides and Reactive Dye. Egypt. J. Chem.
2017, 60, 407. DOI: 10.21608/ejchem.2017.915.1043.

El-Hashash, M. A, Rizk, S. A; El-Badawy, A. A. Ultrasonic Aptitude of Regioselective
Reaction of 6-Bromo-Spiro-3,1-Benzoxazinone-2,1’-Isobenzofuran-3',4-Dione  towards
Some Electrophilic and Nucleophilic Reagents. J. Heterocyclic Chem. 2018, 55, 2090-2098.
DOI: 10.1002/jhet.3250.

Elgendy, A. T.; Youssef, A. A; Rizk, S. A. Which Energetically Favorable Sustainable
Synthesis of 4-Amino-8-Azacoumarin Ester or 4-Hydroxy-3-Cyano Derivative Based on
New Exact Kinetic Arrhenius and DFT Stimulation. J. Iranian Chem. Soc. 2019. DOI: 10.
1007/s13738-019-01838-5.

Yu, X. L; Liu, Y. X5 Li, Y. Q.; Wang, Q. M. Design, Synthesis, and Acaricidal/Insecticidal
Activities of Oxazoline Derivatives Containing a Sulfur Ether Moiety. J. Agric. Food Chem.
2015, 63, 9690-9695. DOI: 10.1021/acs.jafc.5b04126.

Xu, R. B, Xia, R; Luo, M,; Xu, X. Y; Cheng, J. G; Shao, X. S; Li, Z. Design, Synthesis,
Crystal Structures, and Insecticidal Activities of Eight-Membered Azabridge Neonicotinoid
Analogues. J. Agric. Food Chem. 2014, 62, 381-390. DOI: 10.1021/jf4046683.


https://doi.org/10.3184/174751918X15295796734379
https://doi.org/10.1002/jhet.2937
https://doi.org/10.1016/j.cropro.2005.08.010
https://doi.org/10.1016/j.bmcl.2013.09.076
https://doi.org/10.1016/j.bmcl.2013.09.076
https://doi.org/10.1007/s10493-005-3579-2
https://doi.org/10.1007/s10493-005-3579-2
https://doi.org/10.1002/(SICI)1096-9063(199708)50:4324::AID-PS5963.0.CO;2-D
https://doi.org/10.1002/(SICI)1096-9063(199708)50:4324::AID-PS5963.0.CO;2-D
https://doi.org/10.1016/j.bmcl.2012.11.045
https://doi.org/10.1016/j.bmcl.2012.11.045
https://doi.org/10.1016/S0223-5234(02)01388-0
https://doi.org/10.1016/S0223-5234(02)01388-0
https://doi.org/10.1016/j.meegid.2015.09.002
https://doi.org/10.21608/ejchem.2017.915.1043
https://doi.org/10.1002/jhet.3250
https://doi.org/10.1007/s13738-019-01838-5
https://doi.org/10.1007/s13738-019-01838-5
https://doi.org/10.1021/acs.jafc.5b04126
https://doi.org/10.1021/jf4046683

(29]

(30]

(31]

(32]

(33]

(34]

(35]

SYNTHETIC COMMUNICATIONS® 1175

Abdel-Latef, S. A.; Darwish, A. S.; Rizk, S. A; Atya, S. K; Helal, M. E. Morphology
Control Synthesis of Iron-Rich Sinai Clay by Novel O, N, S-Heterocyclic Moieties:
Magnetic Organoclays for Various Strategic Uses in Lubricating Oilfield Industry. J. Mol.
Lig. 2019, 288, 111006. DOI: 10.1016/j.molliq.2019.111006.

Attia, S. K, Elgendy, A. T, Rizk, S. A. Efficient Green Synthesis of Antioxidant
Azacoumarin Dye Bearing Spiro-Pyrrolidine for Enhancing Electro-Optical Properties of
Perovskite Solar Cells. J. Mol. Struct. 2019, 1184, 583-592. DOI: 10.1016/j.molstruc.2019.
02.042.

El-Hashash, M. A Rizk, S. A. One-Pot Synthesis of Novel Spirooxindoles as Antibacterial
and Antioxidant Agents. J. Heterocyclic Chem. 2017, 54, 1776-1784. DOI: 10.1002/jhet.
2758.

Rizk, S. A, El-Sayed, G. A,; El-Hashash, M. A. One-Pot Synthesis, Spectroscopic
Characterization and DFT Study of Novel 8-Azacoumarin Derivatives as Eco-Friendly
Insecticidal Agents. J. Iran. Chem. Soc. 2018, 15, 2093-2105. DOIL: 10.1007/s13738-018-
1402-3.

Kumar, H; Kumar, R; Grewal, B. K; Sobhia, M. E. Insights into the Structural
Requirements of PKCPII Inhibitors Based on HQSAR and CoMSIA Analyses. Chem. Biol.
Drug. Des. 2011, 78, 283-288. DOI: 10.1111/j.1747-0285.2011.01144.x.

Rizk, S. A.; Abdelwahab, S. S.; El-Badawy, A. A. Synthesis and QSAR Study of Some
Novel Heterocyclic Derivatives as in Vitro Cytotoxic Agents. J. Heterocyclic Chem. 2019,
56, 2347-2357. DOI: 10.1002/jhet.3622.

Hussein, M. A.; Zyaan, O. H.; Abdel Monsef, A. H.; Rizk, S. A.; Farag, S. M.; Hafez, S. E.;
Khaled, A. S; Helmy, O. M. Synthesis, Molecular Docking and Insecticidal Activity
Evaluation of Chromones of Date Palm Pits Extract against Culex pipiens (Diptera:
Culicidae). Int. J. Mosquito Res. 2018, 5, 22.


https://doi.org/10.1016/j.molliq.2019.111006
https://doi.org/10.1016/j.molstruc.2019.02.042
https://doi.org/10.1016/j.molstruc.2019.02.042
https://doi.org/10.1002/jhet.2758
https://doi.org/10.1002/jhet.2758
https://doi.org/10.1007/s13738-018-1402-3
https://doi.org/10.1007/s13738-018-1402-3
https://doi.org/10.1111/j.1747-0285.2011.01144.x
https://doi.org/10.1002/jhet.3622

	Abstract
	Introduction
	Results and discussion
	Chemistry
	Computational studies (DFT methods)
	Insecticidal activity
	Molecular docking

	Conclusion
	Experimental
	Chemistry

	General procedure for the synthesis of pyrimidinethione 2
	1-(4-(1,3-Diphenyl-1H-pyrazol-4-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidin-5-yl)ethan-1-one (2)

	Acknowledgments
	Disclosure statement
	References


