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KEYWORDS Abstract A new series of pyridothienopyrimidine derivatives was designed and evaluated as
Pyridothienopyrimidines; antimicrobial and anticancer agents. The target compounds were synthesized starting with 3-amino
Antimicrobial activity; thieno[2,3-b]pyridine-2-carboxamide derivative 1 which underwent cyclocondensation reaction with
Anticancer activity; aromatic aldehydes to give the key intermediates 2a,b. By further treatment of 2a,b with various
EGFR inhibitors reagents, the target 2,4-disubstituted-pyrido[3’,2":4,5]thieno[2,3-d]pyrimidines 3a,b—11a,b were

obtained. To evaluate the antimicrobial activity of the new compounds, they were tested against five
bacterial and five fungal strains. Compounds 6c, 8b, 9a and 9b revealed the most significant antimi-
crobial activity against the tested microorganisms with MIC values range (4-16 pg/mL). Also, com-
pounds 2a,b—11a,b were screened for their in vitro cytotoxic activity against HepG-2 and MCF-7
cancer cell lines compared with doxorubicin and cisplatin as references drugs. Moreover, com-
pounds (2b, 4a, 6a, 7b, 7¢c and 9a) which exhibited the most potent anticancer activity, were further
subjected to EGFR™T enzyme inhibition assay utilizing erlotinib as a standard drug. The com-
pounds 6a, 7b, 7c and 9a which showed the most promising suppression effects were also evaluated
as inhibitors against the mutant forms EGFR™*®R and EGFRT®®M. The 4-aminopyrazolone ana-
logue 9a showed superior anticancer activity against both HepG-2 and MCF-7 cell lines
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(IC50 = 1.27, 10.80 puM, respectively) and more potent enzymatic inhibition activity against
EGFRW™T and its mutant forms EGFRY*¥R and EGFR™’®M than that obtained by erlotinib
(ICs5p = 0.021, 0.053, 0.081 puM, respectively, 1Csperiotinib; 0-027, 0.069, 0.550 pM, respectively).
Finally, the molecular docking study showed good binding patterns of the most active compounds
with the prospective target EGFRWT.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Cancer disease represents a serious threat to human health due
to its massive and complicated etiology (Wu et al., 2018). Liver
cancer is a global health issue representing the sixth most com-
mon cancer type, and the third leading reason for cancer-
related death. Furthermore, 75%—-85% of liver cancer cases
include hepatocellular carcinoma (HCC) (Sung et al., 2021).
Although the spread of HCC, few drugs are available for its
clinical treatment, especially in the advanced stages, thereby
many efforts should be made in the development of new drugs
for this serious cancer type (Luo et al., 2021). On the other
hand, breast cancer (BC) is the world’s most prevalent cancer
resulting in about 14% of the cancer-related deaths among
women (Sung et al., 2021, Presti and Quaquarini, 2019).
Despite the recent discovery of several promising novel thera-
pies which exhibited considerable therapeutic success, drug
resistance still remains one of the most important challenges
in BC treatment (Lainetti et al., 2020).

Moreover, many recent studies exhibited that epidermal
growth factor receptor (EGFR) was generally altered in many
types of cancers. Thus, the inhibition of EGFR’s kinase activ-
ity became a primary target for developing many cancer ther-
apeutics (Thomas and Weihua, 2019). In clinical use, there are
many small molecules acting as EGFR inhibitors such as:
Osimertinib (AZD9291), olmutinib, PF06747775, WZ4002,
Rociletinib, Nazartinib and others belong to the 3rd genera-
tion of EGFR kinase inhibitors (Liang et al., 2021; Phan
et al., 2019). However, various side effects have been detected
with their uses in the clinical application (Shah and Shah,
2019; Wang and Cang, 2016). Also, several mechanisms of
resistance have been described to EGFR-TKIs, such as sec-
ondary and tertiary mutations in the EGFR geneT790M and
C7978S, respectively (Morgillo et al., 2016; Jdnne et al., 2015).
Accordingly, many efforts are still required to reach new
EGFR inhibitors which can overcome resistance mechanisms
and have high selectivity to minimize the adverse effects.

In addition, the immunosuppression, which usually results
due to the anticancer drug regimen and the destruction of
the mucosal barrier due to utilizing invasive devices in cancer
patients making them at risk of different infectious diseases
that need long-term prophylactic antibiotics (Sharma et al.,
2021). Thus, there is an increasing urgency in designing novel
anticancer agents having dual anticancer and antimicrobial
activities to protect cancer patients against microbial infections
(Felicio et al., 2017).

Thieno[2,3-b]pyridine nucleus plays a vital role in the field
of drug discovery, producing a wide spectrum of biological
activities such as; anticancer (Abdelaziz et al., 2018;
Arabshahi et al., 2015; Eurtivong et al., 2017; Al-Trawneh
et al., 2021), antimicrobial (Ghattas et al., 2015; Mohi El-

Deen et al., 2019; Mansour, 2020), antiviral (Amorim et al.,
2017; Schnute et al., 2007), anti-inflammatory (Liu et al.,
2013; Madhusudana et al., 2012), and antiangiogenic (Rizka
et al., 2019) activities. In addition, the strategies of different
new studies have been directed to the synthesis of compounds
bearing thieno[2,3-b]pyridine fused with pyrimidine ring giving
rise to the pyrido[3’,2":4,5]thieno[3,2-d] pyrimidine scaffold as
significant anticancer (Aziz et al., 2015a; Sirakanyan et al.,
2019) and antimicrobial candidates (Mohi El-Deen et al.,
2020; Ge Zayda et al., 2020; Sanad and Mekky, 2021; Fayed
et al., 2014; El-Essawy et al., 2016) (Fig. 1).

Moreover, many biological studies revealed that the
pyridothienopyrimidine-based derivatives produce their anti-
cancer activities via protein kinase suppression effects such
as; Pim-1 kinase, casein kinase 1 (CK1), dual-specificity pro-
tein kinase (CLK1), vascular endothelial growth factor recep-
tor (VEGFR-2), and EGFR kinase (El-Nassan et al., 2018;
Loidreau et al., 2012; Aziz et al., 2015b).

It has been reported that there are four essential pharma-
cophoric features shared by the reported and clinically used
EGFR-TKIs: (i) a flat heterocyclic-aromatic ring system (ii) a
terminal hydrophobic head (iii) NH-linker (iv) a hydrophobic
tail (Elmetwally et al., 2019). Chia-Hsien Wu et al., have synthe-
sized compound VII utilizing a knowledge-based design proce-
dure for ATP-competitive inhibitors binding with the active
site of the EGFR-TK. This compound showed high efficacy
for suppressing the targeted enzyme, EGFR-TK (Wu et al.,
2010). Furthermore, Milik et al. have reported the thieno[2,3-
dlpyrimidine compound VIII as a potent anticancer agent tar-
geting EGFR and HER2-TK (Milik et al., 2018) (Fig. 2).

In view of the above issues, this work deals with the design
and synthesis of a new series of pyridothienopyrimidine com-
pounds (2a,b—11a,b) as antimicrobial and as anticancer agents
bearing the reported essential pharmacophoric features of
EGFR-TKIs. As the thieno[3,2-d]pyrimidine sector of the
pyridotheinopyrimidine represents the central hetero-
aromatic ring since the nitrogen atoms of the pyrimidine ring
serve as hydrogen-bond acceptors resulting in promising
EGFR-TK inhibitory potency. While, the substituent at
position-4 was the linker (spacer) area, where the length of
the linker in addition to the number of its hydrogen-bond
acceptor and/or hydrogen-bond donor groups was modified.
The different linkers were NH as compounds 5a,b, 6a—c,
NH-N = C as 7a—c as well as a direct attachment with
pyrazoline-N as compounds 8a,b—11a,b was also carried out
in order to study its positive or negative impact on the target
enzyme inhibition activity. The hydrophobic tail was based
on the pyridine nucleus to occupy the front hydrophobic
region of the ATP binding site. Also, the hydrophobic head
is an alkyl or aryl group (Elmetwally et al., 2019, Nasser et.
Al., 2020) (Fig. 2).
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Fig. 1

Next, all the target compounds were evaluated as antimi-
crobial agents against a panel of gram-positive, gram-
negative bacterial, yeast and fungal strains. Also, the target
compounds were assessed as anticancer agents against human
liver carcinoma cell line (HepG2) and human breast cancer
cells (MCF-7). The safety of the most potent anticancer candi-
dates (2b, 4a, 6a, 7b, 7c and 9a) was evaluated against the nor-
mal WISH cell line. In addition, these compounds were further
evaluated for their ability to suppress EGFR kinase. Also,
molecular docking study was conducted to find out the plausi-
ble binding modes of the most promising derivatives in the
active pocket of EGFR.

2. Results and discussion

2.1. Chemistry

The new set of pyridothienopyrimidine derivatives (2a,b—11a,
b) was prepared utilizing the synthetic pathways outlined in
Schemes 1, 2. The molecular structures of all the new com-
pounds were confirmed via spectral data (IR, 'H NMR, "*C
NMR and Mass) and elemental microanalyses. The bicyclic
compound  3-amino-4,6-dimethylthieno[2,3-b]pyridine-2-car
boxamide (1) (Youssefyeh, et al., 1984) was refluxed with alde-
hydes (4-methoxybenzaldehyde or furan-2-carbaldehyde) in
glacial acetic acid to give, via cyclocondensation reaction, the
tricyclic  compounds  2,3-dihydropyridothienopyrimidin-4

Some previously synthesized pyridothienopyrimidine derivatives as antimicrobial agents (I-1IT) and as anticancer agents (IV-VI).

(1H)-ones 2a,b. Upon treatment of 2a,b with benzoquinone
as an oxidizing agent, they underwent dehydrogenation to give
the pyridothienopyrimidin-4(3 H)-ones 3a,b. Subsequently, the
latter derivatives 3a,b were treated with POCI1;/PCl5 mixture
to yield the corresponding 4-chloro derivatives 4a,b
(Scheme 1).

The tricyclic structures of 2a,b were confirmed by '"H NMR
spectra of 2a and 2b, they showed the signals of the aromatic
protons of the appropriate aldehyde at 6 6.31-7.61 ppm along-
side the two singlets signals corresponding to the two pyrimidi-
none NH groups at 3 (7.02, 8.32 ppm) and 6 (7.16, 8.35 ppm),
respectively. Also, '"H NMR spectra of 2a and 2b revealed a
singlet signal at § 5.81 ppm and at 6 5.90 ppm corresponding
to the CH of the pyrimidinone ring. The vanishing of one sig-
nal of the two singlets signals corresponding to the two pyrim-
idinone NH groups with the CH-pyrimidinone signal in the 'H
NMR spectra of 3a,b confirmed the dehydrogenation reaction
of 2a,b. The signal of the other NH group appeared as a down-
field singlet at 6 12.83 and 13.0 ppm in the spectra of 3a and
3b, respectively, which indicated the presence of NH adjacent
to the C = O group and confirmed the 1,2-dehydrogenation
of 2ab instead of the 2,3-dehydrogenation. Also, the '°C
NMR spectra of 2a,b and 3a,b gave additional support to their
structures. In the '>*C NMR spectra of 2a,b the signals of CH-
pyrimidinone appeared at 6 61.41-66.13 ppm and shifted
downfield with the aromatic carbons in the '*C NMR spectra
of 3a,b. Moreover, the IR and 'H NMR spectra of the 4-
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chloro analogues 4a,b confirmed their molecular structures by
the absence of C = O and NH bands and the disappearance of
the signal of the NH group, respectively.

In addition, compounds 4a,b acted as facile intermediates
for nucleophilic substitution reactions with hydrazine hydrate
and various amino acids, namely: glycine, valine, and alanine
to afford the corresponding target compounds 5a,b and 6a-c,
respectively (Scheme 1). IR spectra of compounds 5a,b exhib-
ited characteristic absorption bands at the range 3380-—
3288 cm ™! confirming the existence of NH, NH,. Also, 'H
NMR spectra of 5a and 5b showed a D,O exchangeable signal
at 0 4.94 ppm assignable to the NH, group beside the signal
corresponding to the NH group at 6 9.02, 9.25 ppm, respec-
tively. Moreover, IR spectra of the amino acid derivatives
6a—c exhibited broad absorption bands at 3400-3393 cm !
due to OH groups, and at 1676-1670 cm ™' related to C = O
groups. Also,'H NMR spectra of 6a-c showed two D,O
exchangeable signals at the ranges 6 6.69-7.59 ppm and o
12.23-12.83 ppm representing NH and OH protons alongside
the parent protons which appeared at their expected regions.
An additional singlet appeared by the glycine derivative 6a
at 0 4.11 ppm due to NH-CH, protons, while valine derivative
6b revealed douplet-multiplet signals at § 0.99 and 1.90 ppm
assignable for the protons of (CHj3), and —CH of the isopropyl
group, respectively. Also, *C NMR spectrum of 6a revealed a

The proposed hypothetic model of the new pyridothieno[3,2-d]pyrimidine target derivatives as EGFR TKIs.

signal at 6 48.82 ppm due to -NH-CH of alanine moiety.
Furthermore, the 4-hydrazineyl derivatives 5a,b served as
other intermediate precursors for further condensation reac-
tions. Treatment of 5a,b with different aldehydes namely; 4-
methylbenzaldehyde, 2,5-dimethoxybenzaldehyde and
thiophene-2-carbaldehyde in ethanol/acetic acid mixture led
to the formation of the corresponding hydrazide Schiff’s bases
7a—c. "H NMR spectra of compounds 7a—c represented singlet
signals of the azomethine proton -N = CH at the range ¢
8.39-8.77 ppm alongside the aromatic protons. While, the sig-
nal of the hydrazide NH, group was vanished and the signal of
the NH group was shifted downfield at the range ¢ 12.01-
12.20 ppm confirming the formation of the Schiff’s bases 7a—
¢. Moreover, °C NMR data of 2,5-dimethoxybenzylidene
derivatives 7¢ showed two signals at ¢ 55.73 and 56.54 ppm
corresponding to the (2 OCHj;) groups in addition to the
expected signals due to the aromatic carbons. The 4-
hydrazineyl derivatives Sa,b were further cyclized into the
higher polycyclic triazolo derivatives 8a,b by a condensation
reaction with formic acid. '"H NMR and '*C NMR spectra
of 8a,b were in agreement with the molecular structures of
the compounds. Also, 5a,b were condensed with active methy-
lene compounds, namely: ethyl cyanoacetate, ethyl acetoac-
etate and acetyl acetone to give the corresponding 4-
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R; a= 4-OCH3-Ph
ii b= 2-Furanyl

a; R=4-OCHj;-Ph, R'=H, R"=H
b; R =4-OCHj;-Ph, R'=H, R"=-CH(CHj3;),
c¢; R =2-Furanyl,

Reagents and conditions: i) 4-methoxybenzaldehyde or furan-2-carbaldehyde, glacial AcOH, reflux
for 8h; ii) benzoquinone, EtOH, reflux for 9h; iii) POCI; PCls, reflux for 12h; iv) hydrazine hydrate,
EtOH, reflux for 4h; v) different amino acids, DMSO, Na,COs, reflux for 6h.

HO

R'=H, R"=CH,

Scheme 1

pyrazolone derivatives 9a,b, 10a,b and the 4-pyrazole deriva-
tives 11a,b; respectively (Scheme 2).

The molecular structures of the 4-pyrazolone compounds
9a,b and 10a,b were confirmed by the existence of a singlet sig-
nal at the range 6 2.97-3.06 ppm corresponding to the
pyrazolone-CH, in their "HNMR spectra. On the other hand,
an additional band at 1695-1674 cm ™" for the C = O group of
the pyrazolone nucleus was found in their IR spectra. Also,
13C NMR spectra of 9a,b and 10a,b represented a signal at
the range ¢ 170.17-172.92 ppm assignable for pyrazolone-
C = O group. Furthermore, 'H NMR spectra of the 4-
pyrazole derivatives 11a,b showed four singlet signals at the
range ¢ 2.22-2.99 ppm referring to the pyrazole-2CHj; in addi-
tion to the parent pyridine-2CHj3. Also, the four signals of the
4CHj; of 11a,b were exhibited in their ?*C NMR spectra at the
range 0 13.72-24.71 ppm alongside the parent signals. Further
support for the suggested structures of the new compounds
was gained by their mass spectra, which were in accordance
with the proposed structures representing their correct molec-
ular ion peaks.

Synthesis of new pyrido[3’,2":4,5]thieno[3,2-d]pyrimidine-based compounds 2a,b—6a-c.

2.2. Biological evaluation

2.2.1. Antimicrobial activity

Since the strategy of our work was based on achieving new
pyridotheinopyrimidine compounds possessing dual cytotoxic
and antimicrobial activities, all the new compounds were eval-
uated as antimicrobial agents versus a panel of microbial
strains. They were examined against three gram-positive bacte-
ria viz. Staphylococcus aureus 25923, Bacillus subtilis 6633,
Bacillus  cereus 33018, two gram-negative bacteria viz.
Escherichia coli 8739, Salmonella typhimurium 14028, three
yeasts viz. Candida albicans 10231, Candida tropicals 750, Sac-
charomycese cerevisiae and two fungi viz. Aspergillus flavus,
Aspergillus niger EM77 (KF774181). The zones of inhibition
in (mm) and the MIC values in (ug/mL) were determined for
the target compounds and the reference drugs Amoxicillin tri-
hydrate and clotrimazole (Table 1 and 2).

On the basis of the MIC values, it is apparent that there was
wide variability in the antimicrobial potency of the evaluated
derivatives. It has been found that the derivatives; alanine
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reflux for 6h. iii) ethyl cyanoacetate, ethanol/glacial acetic acid solution, reflux for 10h; iv) ethyl acetoacetate,
ethanol/glacial acetic acid solution, reflux for10h; v) acetylacetone, glacial acetic acid, reflux for 8h.

Scheme 2

amino acid 6a, the polycyclic triazolo derivatives 8b and the 4-
aminopyrazolones 9a, 9b exhibited potent activity against
the five tested bacterial strains with MIC values range (4-16)
pg/mL, that were equivalent to that obtained by the reference
drug amoxicillin trihydrate. While, the 4-chloro- analogue 4a
and the glycine derivative 6¢ showed equipotent antibacterial
activity to that of amoxicillin trihydrate against the
tested gram-negative strains with MIC values 8 pg/mL and
16 pg/mL for E. coli and S. typhimurium, respectively.

With respect to the tested yeast and fungal strains; 4a, 6a,
6¢, 7c, 8b, 9a and 9b revealed more potent activity against
Candida albicans than clotrimazole with MIC values
8 ng/mL (MICgotrimazole = 16 pg/mL), and they exhibited
equipotent activity to clotrimazole against Candida tropical
with MIC values 8 pg/mL. In addition, Saccharomycese
cerevisiae showed significant sensitivity towards the target
compounds 6a, 6¢, 8b, 9a, and 9b similar to its sensitivity

Synthesis of new pyrido[3’,2":4,5] thieno[3,2-d]pyrimidine-based compound 7a-c-11a,b.

towards clotrimazole with MIC values 8 pg/mL. While, com-
pounds 6a, 7c¢, 8b, and 9a revealed the most potent growth
inhibitory activity against Aspergillus flavus and Aspergillus
niger, they displayed the same activity against the two fungi
with MIC values 8 pg/mL similar to that of clotrimazole.
However, compounds 2a, 3a, 3b, and 10b showed weak activity
against some of the tested bacterial and fungal strains and were
inactive to the others. On the other hand, the rest of the target
compounds (2b, 4b, 5a;b, 6b, 7a;b, 8a, 10a;b, and 11a;b) exhib-
ited antimicrobial activity varied in potency from moderate to
weak with MIC values range (32-128) pg/mL.

2.2.2. In vitro cytotoxic activity of the target
pyridothienopyrimidine derivatives

The antiproliferative potency of the target compounds 2a,b—
11a,b was evaluated against HepG-2 and MCF-7 cancer cell
lines utilizing MTT method. The commercially available dox-
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Table 1
MICs (pg/mL) against the tested pathogenic bacteria.

In vitro antibacterial activities of the synthesized compounds expressed as mean diameter of inhibition zones in mm and

Gram + ve Bacteria

Gram-ve Bacteria

Compd. No. S. aureus 25,923 B. subtilis B. cereus 33,018 E. coli S. typhimurium
6633 RCMB 010,052 ATCC 14,028
2a 20 (64) 18 (64) N.A. N.A. N.A.
2b 27 (32) 23 (64) 23 (32) 22 (64) 21(64)
3a 14 (128) 14 (128) NA NA NA
3b 12 (128) 13 (128) NA NA NA
4a 22 (64) 17 (64) 21 (64) 28 (8) 27 (16)
4b 24 (64) 21 (64) 22 (32) 26 (32) 24 (32)
5a 19 (64) 18 (64) 14 (128) 12 (128) 11 (128)
5b 20 (64) 25 (32) 24 (32) 19 (64) 18 (128)
6a 35(4) 32 (8) 29 (16) 27 (16) 31 (16)
6b 19 (64) 24 (32) 20 (64) 22 (64) 24 (64)
6¢ 25 (32) 28 (16) 25 (32) 27 (8) 26 (16)
Ta 13 (128) 25 (32) 19 (64) 23 (32) 21(64)
7b 25 (32) 26 (32) 22 (64) 20 (64) 20 (64)
Tc 27 (16) 25 (16) 27 (32) 14 (64) 28 (16)
8a 24 (32) 22 (64) 22 (64) 23 (64) 20 (64)
8b 30 (4) 29 (8) 28 (16) 30 (8) 28 (16)
9a 33 (4) 29 (8) 31 (16) 27 (8) 30 (16)
9b 28 (8) 26 (16) 25 (16) 26 (8) 28 (16)
10a 25 (64) 24 (32) 24 (32) 18 (64) 20 (64)
10b 22 (64) N.A. 13 (128) 16 (64) N.A.
Ila 24 (32) 25 (32) 22 (64) 24 (64) 27 (32)
11b 26 (32) 24 (32) 21 (32) 25 (32) 25 (32)
Amoxicillin 30(4) 29(8) 28 (16) 27 (8) 28 (16)
Trihydrate

N.A. = No Activity (mean diameter of inhibition zones < 11 mm).

Minimum Inhibitory Concentrations (MIC) (pg/mL).

orubicin and cisplatin served as reference drugs. The concen-
trations of the compounds that induced 50% inhibition of cell
viability (ICsp, uM) were determined and listed in Table 3.

2.2.2.1. Structure-activity relationship (SAR). The biological
data revealed that the tested derivatives displayed more
promising cytotoxic activity against HepG2 cancer cell line
of ICsy range; 1.81-48.70 pM more than MCF-7 cells of
ICso range 10.80-80.61 uM, compared to doxorubicin of
I1Csps; 2.85, 3.58 puM, respectively. With respect to HepG2, it
has been noted that the conjugation of the aminopyrazolinone
nucleus to the parent 2-(4-methoxyphenyl)-pyridothienopyrimi
dine scaffold as compound 9a exhibited 2.2 folds more signif-
icant activity than doxorubicin of ICsy value; 1.27 pM,
IC50g0xorubicin 2-85 uM. Furthermore, tagging the latter parent
core with glycine amino acid as compound 6a represented 1.5
folds more potent cytotoxic activity than the reference drug of
ICso value; 1.80 uM. Also, the Schiff’s bases 7b,c revealed
slightly more potent cytotoxicity than that of doxorubicin with
1Csps; 2.63, 2.15 uM, respectively. While, the parent 2b, the 4-
chloro derivative 4a, the tetracyclic
pyridothienotriazolopyrimidine derivative 8a and the valine
amino acid derivative 6b showed a slight decrease in the
potency than the reference drug with ICsy values; 3.11-
4.02 uM respectively. Additionally, the resultant data also
showed that the 4-pyrazolone derivative 9b, the
pyridothienopyrimidin-4-one derivative 3a, the 4-hydrazino

derivative Sb and the tetracyclic 8b produced cytotoxic activity
ranging from half to third that of doxorubicin with ICs, values
range; 5.71-8.37 uM. A further apparent decrease in the cyto-
toxicity was observed by the rest of the compounds (2a, 3b, 4b,
5a, 6¢, 7a, 10a,b and 11a,b), they gave a wide variety of ICs,
values ranging from 9.02 to 48.70 uM.

On the other hand, MCF-7 cancer cells appeared to be
less sensitive to the tested compounds in comparing to dox-
orubicin. Whereas, all the target compounds exhibited lower
cytotoxicity with ICsy values range; 10.80-80.61 puM than
that of doxorubicin with ICsy value; 3.58 uM. While taking
cisplatin as a reference drug, most of the evaluated deriva-
tives represented promising cytotoxic effects. Fortunately,
the 4-pyrazolone derivative 9a, the most potent cytotoxic
agent against HepG2 cancer cell line, was the most potent
agent against MCF-7 cancer cells with I1Csy; 10.80 pM com-
pared with ICsygispiatin; 20.70 uM. Moreover, the parent
pyridothienopyrimidin-4-one 2b, the 4-chloro analogue 4a,
the glycine derivative 6a and the Schiff’s bases 7¢ exhibited
more potent activity than cisplatin with ICsy values range;
11.07-19.70 uM. Approximate equipotent activity to that
of the reference drug cisplatin was gained by the com-
pounds 2a, 4b, 6b, 7a, 7b, 8b and the 4-pyrazole derivative
11b of ICsy values; 20.51-23.80 uM. While, the rest deriva-
tives (3a;b, 5a;b, 6¢c, 8a, 10a;b, 11a) exhibited less potent
activity than cisplatin with ICsy values range; 28.03-80.
61 uM.
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Table 2 In vitro antifungal activities of the synthesized compounds expressed as mean diameter of inhibition zones in mm and MICs

(ng/mL) against the tested pathogenic fungi.

Yeasts Fungi

Compd. No. C. albicans ATCC 10,231 C. tropicals ATCC 750 S. A. flavus A. niger EM77 (KF774181)
cerevisiae

2a NA NA 22 (32) 28 (32) 26 (32)
2b 22 (64) 21 (64) 23 (32) 25 (32) 26 (32)
3a N.A. N.A. 16 (128) 11 (128) 14 (64)
3b N.A. N.A. 15 (128) N.A. N.A.
4a 29 (8) 28 (8) 21 (64) 27 (32) 17 (64)
4b 27 (32) 24 (32) 24 (32) 17 (64) 19 (64)
Sa 18 (128) 14 (128) 17 (128) 11 (128) 14 (128)
5b 19 (64) 18 (128) 17 (64) 23 (32) 22 (64)
6a 29 (8) 31 (8) 37 (8) 33 (8) 35(8)
6b 26 (64) 24 (64) 16 (128) 14 (128) 18 (64)
6¢ 32 (8) 29 (8) 36 (8) 29 (16) 28 (16)
Ta 23 (64) 22 (64) 24 (32) 18 (64) 19 (64)
7b 20 (64) 20 (64) 23 (32) 15 (64) 14 (64)
Tc 30 (8) 28 (8) 20 (64) 30 (8) 29(8)
8a 24 (32) 26 (32) 24 (32) 18 (64) 18(64)
8b 30 (8) 30 (8) 37 (8) 35(8) 36 (8)
9a 33 (8) 28 (8) 35 (8) 31 (8) 30 (8)
9b 37 (8) 33 (8) 33 (8) 28(16) 27 (16)
10a 23 (64) 14 (128) 24 (32) 18 (64) 20 (64)
10b 22 (64) N.A. 18(64) 15 (64) 17 (64)
lla 21 (64) 24 (32) 19 (64) 26 (32) 22 (64)
11b 24 (32) 23 (32) 21 (64) 22 (32) 21 (64)
Clotrimazole 28 (16) 30 (8) 35 (8) 30(8) 31 (8)

N.A. = No Activity (mean diameter of inhibition zones < 11 mm).

Minimum Inhibitory Concentrations (MIC) (ng/mL).

Since the frequency and the severity of the adverse effects to
the normal healthy cells at therapeutic levels is considered as
one of the most critical factors that characterize different anti-
cancer drugs from each other, the target compounds 2b, 4a, 6a,
7b, 7¢ and 9a, which revealed the most potent cytotoxic activ-
ity against both of HepG2 and MCF-7 cancer cell lines were
selected to evaluate their cytotoxic activity against the normal
human amnion-derived (WISH) cell line via MTT assay to
determine their safety profiles. The tested compounds showed
low toxicity against the normal cells with ICso values ranging
from 107.01 to 494.10 uM, which are much higher than their
ICsq values range 1.27-20.51 uM against the cancer cell lines
(Table 3) confirming their promising safety profile.

2.2.3. In vitro enzyme inhibition assay of EGFR"T, EGFR"*R
and EGFR"*"M

Several reports indicated that high expression of EGFR is
detected in breast cancer and hepatocellular carcinoma
(Shetty et al., 2021; Song et al., 2017, Masuda et al., 2012).
Thus, EGFR™T kinase assay was performed for the target
pyridothienopyridine compounds (2b, 4a, 6a, 7b, 7c and 9a),
which investigated the most potent cytotoxic activities against
both MCF-7 and HepG-2 cancer cells in order to study their
postulated mechanism of action. Erlotinib as one of the most
potent EGFRYT inhibitors was utilized as a reference drug
(Lyseng-Williamson, 2010) and the results were expressed as
ICso values (uM) (Table 4). Interestingly, all the tested deriva-
tives showed promising inhibitory activity of EGFRYT kinase

with ICso values range; 0.021-0.117 uM. The resultant data
demonstrated that the 4-aminopyrazolone derivative 9a as
EGFRWYT inhibitor was more potent than the standard drug
of 1Csp; 0.021 puM, ICsq ertotiniv; 0-027 uM. Also, the Schiff’s
base 7c¢ showed significant kinase inhibitory activity with
ICso = 0.032 puM, which decreased slightly than Erlotinib.
Whereas, the glycine derivative 6a and the Schiff’s base 7b
revealed further lowering in the inhibitory activity with 1Csq
values; 0.046, 0.051 uM, respectively. However, the precursor
4-chloro analogue 4a appeared to be 3 folds less potent than
Erlotinib with ICsq; 0.083 pM. Also, a detectable drop was also
recognized by the pyrimidin-4-one derivative 2b which
revealed ICsq; 0.117 pM. It was obvious that the nitrogen of
the pyrazolone ring in 9a and the nitrogen in the side chains,
as the glycine amino acid of 6a and the hydrazide Schiff’s base
of 7b and 7¢, which attached at position-4 of the parent pyri-
dothienopyrimidine system, provide an important role in
EGFR suppression.

Furthermore, the compounds representing the most potent
inhibitory activity against EGFRWYT; 6a, 7b, 7c, 9a were also
evaluated as inhibitors against the mutant forms EGFR%R
and EGFR™™™ in comparison to erlotinib as a reference
drug. The obtained results were summarized in Table 5. It
has been observed that the 4-aminopyrazolone derivative 9a
displayed more potent inhibitory activity than erlotinib against
both mutant forms EGFRM"*®R and EGFR™M of
IC5()S = 0053, 0.081 HM, respectively, IC50 erlotinib — 0.069,
0.550 puM, respectively. On the other hand, the Schiff’s base
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Table 3 [In vitro cytotoxic activity of the new compounds
towards HepG2 and MCF-7 cell lines.

Table 5 [In vitro enzymatic inhibitory activities against
EGERLS®R 4nd EGFRT720M-

Compound No. EGFR858R EGFRT7"M
ICso (LM) ICsp (uM)

6a 1.132 + 0.060 1.801 + 0.079

7b 0.361 + 0.020 0.719 + 0.032

Tc 0.252 + 0.010 0.219 + 0.010

9a 0.053 £ 0.005 0.081 + 0.004

Erlotinib 0.069 + 0.006 0.550 + 0.090

Compound IC5o (LM)

N, HepG-2 MCF-7 WISH

2a 11.01 + 075  23.02  1.76

2b 301+ 021 1290 £ 0.70  494.00 = 17.90
3a 571 + 032 60.30 + 3.85

3b 1510 + 1.03  35.60 + 3.03

4a 317 £ 022 1107 £ 0.19  107.01 = 4.20
4b 4870 = 334 2170 + 0.85

5a 13.01 + 0.89  28.03 + 1.75

sb 837 + 051 7161 + 3.51

6a 180 £ 0.12 1421 £ 022 12102 + 5.10
6b 402 + 037 22.50 + 1.90

6¢ 17.80 + 122 29.66 + 2.65

7a 2130 = 146 23.80 + 2.80

7b 263 + 0.8 20.51 + 230  302.00 + 11.40
7e 215+ 015 1971 + 1.60  213.01 + 7.50
8a 393 + 027 4110 + 330

8b 6.10 + 042 22.40 + 2.70

9a 127 £ 0.09  10.80 £ 0.74  278.02 + 9.70
9 573 + 039 3811 + 3.02

10a 1740 + 120 80.61 + 3.95

10b 9.02 + 048  64.60 + 2.90

11a 9.68 + 0.66  20.80 + 1.08

11b 1630 + 1.12 36.61 = 3.20

Doxorubicin  2.85 = 0.21  3.58 + 033 432.10 + 19.30
Cisplatin — 20.70 £ 0.83

7c¢ employed lower activity than that of erlotinib against
EGFR3®R of 1C5, - 0.252 uM, but its activity surpassed
the reference drug by 2.5 times against the mutant EGFRT™M
of ICso = 0.219 uM. A detectable reduction in the inhibitory
activity against both mutant forms by the glycine derivative 6a
and the Schiff’s base 7b which appeared less potent than erlo-
tinib representing ICsos = 1.132, 0.801 pM and 0.361,
0.719 uM, respectively.

In the light of the gained data, compounds 9a, 7¢ could be
considered as basic scaffolds for the generation of further new
candidates used for the treatment of different cancer types har-
boring EGFRT’™M or EGFRMR mutations, thus might
overcome EGFR-TKIs drug resistance.

Table 4 [n vitro enzymatic inhibitory activities against
EGFR™T kinase.

Compound No. EGFR™"

I1Cso (1M)
2b 0.117 + 0.014
4a 0.083 = 0.009
6a 0.046 = 0.003
b 0.051 + 0.008
Tc 0.032 + 0.007
9a 0.021 + 0.004
Erlotinib 0.027 £ 0.005

2.3. Computational studies

2.3.1. Molecular docking study

Molecular modeling studies were performed to study the bind-
ing mode of compounds (2b, 4a, 6a, 7b, 7¢c, and 9a) to the
active sits of the target EGFRYT compared with erlotinib as
an EGFR inhibitor using (MOE, 2019.0102) software. At the
first, from the protein data bank (https://www.rcsb.org/struc-
ture/IM17), the X-ray crystallographic structure of EGFR™T
kinase domain complexed with erlotinib (PDB ID: 1 M17)
was downloaded. Then the binding interaction of erlotinib to
the EGFR™T active site was examined. It showed strong bond
interactions with Leu768 & Met769, moreover, it formed
hydrogen bonds through a water molecule to Cys751,
Thr766 & Thr830 (Fig. 3).

The Docking setup was first established by self-docking of
the co-crystallized ligand erlotinib in the vicinity of the binding
site of the enzyme. The root mean square deviation (RMSD)
was 1.03086 A and erlotinib docking score was —11.7806 kcal/-
mol (Fig. 4).

While, all the tested compounds showed good binding
energy scores indicating their fitness in the binding pocket of
the enzyme. Compounds, 9a, 7¢ and 6a showed the highest
binding scores (—13.82, —13.56 & -—13.31 kcal/mol, respec-
tively). The 4-pyrazolone derivative 9a showed strong hydro-
gen bond interactions through both nitrogen atoms of the
pyrimidine ring with Val702 amino acid which also showed
binding with the pyrazole nitrogen. Furthermore, Lys721
bound to S atom of the thiophene ring and finally Met769
amino acid bound to CH of benzene ring and the methoxy
group through non-classical hydrogen bonding. Moreover,
the nitrogen atoms of the pyrimidine ring of the Schiff’s base
7c¢ exhibited hydrogen-bond interactions with Leu694 amino
acid, the sulpher atom of thiophene ring bound to Leu820
Asp831 amino acids and to Thr830 via a water molecule and
also, the imine nitrogen atom bound to Cys751 & Thr766
through water molecules. Through water molecules, the gly-
cine derivative 6a interacted with Cys751, Thr766, Thr830
amino acids, while the pyridine nitrogen bound to Leu768
(Table 6 & Figs. 5-7).

2.3.2. ADME study

Six physicochemical parameters were studied for the tested
compounds 2a, 4a, 6a, 7b, 7c, and 9a which are Lipophilicity
(LIPO), Size, Polarity (POLAR), Insolubility (INSOL), Unsat-
uration (UNSAT), and Flexibility (FLEX). The results are
presented in the bioavailability radar chart (Fig. 8), in
which the pink-colored zone indicates the suitability of
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Fig. 3

\

Fig. 4
EGFRWT enzyme.

physicochemical properties to have a good in vivo bioavailabil-
ity. All the tested derivatives showed only one violation which
indicates a good bioavailability profile except compound 7b
which revealed two violations that decreased its probability
in a good bioavailability outline.

The calculated water solubility displayed that all derivatives
of moderate solubility except compounds 7b and 7¢ which
were poorly water soluble. The predicted log P values were
intermediate (2.51 for 2b, 3.15 for 6a, 3.24 for 9a), slightly high
for 4a (4.71), 7¢ (4.63) and high for 7b compound (5.39).

The Swiss ADME server provides a BOILED EGG chart
to indicate the human intestinal absorption (white part), blood
brain barrier penetration (the yellow part) and the probability
of the tested compound to act as substrate for permeability
glycoprotein (PGP) which is an efflux pump for many drugs
* (Sharom et al., 1997) (blue color if it’s a possible substrate
or red color if it’s not). The results are summarized in
(Fig. 9), compounds 7b and 7c¢ were predicted to be not
absorbed from the GIT but all others are expected to be of

2D interactions of ERL within EGFRWYT active site.

3D representation of the superimposition of the co-crystallized (red) and the docking pose (green) of erlotinib in the active site of

good oral absorption which is indicated by their presence in
the white area. All compounds are not present in the yellow
area signifying the low probability to penetrate the blood—
brain barrier (BBB) and not expected to cause CNS side
effects. Finally, compounds 4a, 6a and 9a are colored in red
which means that they are anticipated to not be a substrate
for PGP and not to be susceptible for efflux from the cells,
while other derivatives are colored in blue which indicated
their high probability to be substrates for PGP.

Eventually, we applied the Lipinski’s rule of five (Giménez,
et al., 2010) which predicts the drug-likeness and good oral
bioavailability for the tested compounds. All compounds
showed no violation in the applied four rules except compound
7b which showed only one violation in having a log P value
above 5, the rule states that no violation or even one violation
indicates the expected good oral bioavailability. In a conclu-
sion, although all compounds were parallel to Lipinski’s rule
of five but the radar chart excluded compound 7b and the
BIOLED-Egg chart excluded both 7b and 7¢ compounds, so,
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Table 6 The docking results of the tested pyridotheinopyrimidine compounds.
Compound Docking score (kcal/mol) Amino acids Interacting groups Type of Length
interaction

2b -9.24 Leu768 N (Pyridine) H-bond acceptor 3.78
Cys751 (water) O (C =0 H-bond acceptor 2.86
Thr766 (water) O (C =0) H-bond acceptor 2.86
Thr830 (water) O (C =0 H-bond acceptor 2.86

4a -9.56 GIn767 Cl Halogen bond 3.74
Met769 S H-bond acceptor 3.65

6a -13.31 Leu768 N (Pyridine) H-bond acceptor 3.78
Cys751 (water) O (OH) H-bond acceptor 297
Thr766 (water) O (OH) H-bond acceptor 2.97
Thr830 (water) O (OH) H-bond acceptor 2.97

7b -12.53 Met742 N (Pyridine) o-hole bond 3.99
Thr830 S c-hole bond 3.00
Thr830 S (thiophene) c-hole bond 4.08
Asp831 NH H-bond donor 2.90

Tc —-13.56 Leu694 N (Pyrimidine) H-bond acceptor 3.84
Cys751 (water) N (=N) H-bond acceptor 2.83
Thr766 (water) N (=N) H-bond acceptor 2.83
Leu820 N (=N) H-bond acceptor 3.50
Thr830 (water) N (=N) H-bond acceptor 2.83
Asp831 S c-hole bond 4.09

9a -13.82 Val702 N (Pyrazole) H-bond acceptor 3.66
Val702 N (Pyrimidine) H-bond acceptor 4.24
Val702 N (Pyrimidine) H-bond acceptor 4.30
Lys721 S H-bond acceptor 3.51
Met769 CH3 (OCHs;) H-bond (non-classical) 3.26
Met769 CH (Aromatic H-bond (non-classical) 3.53

"Phe \ |
6% )
Asp
831

Leu

764
a Ala

% 719

Fig. 5 2D & 3D interactions of 9a within EGFR™T active site.
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Fig. 6 2D & 3D interactions of 6a within EGFR™T active site.

Fig. 7 2D & 3D interactions of 7¢ within EGFR™" active site.
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Fig. 8 The bioavailability radar chart for the tested compounds (the colored zone is the suitable physicochemical space for oral

bioavailability).
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Table 7 Drug-likeness of the tested compounds.

Compound NO. Properties

Comment

2b e Log P = 2.51 (<5)

No violation

e Molecular weight = 299.35 g/mol ({500)
e No of H-bond donor groups (OHs + NHs) = 2 (<5)
e No of H-bond acceptor atoms (Os + Ns) = 5 (<10)

4a e LogP = 3.74 (<5)

No violation

e Molecular weight = 355.84 g/mol ({500)
e No of H-bond donor groups (OHs + NHs) = 0 (<5)
e No of H-bond acceptor atoms (Os + Ns) = 4 (<10)

6a e LogP = 3.15(<59)

No violation

e Molecular weight = 394.45 g/mol ({500)
e No of H-bond donor groups (OHs + NHs) = 2 (<5)
e No of H-bond acceptor atoms (Os + Ns) = 7 (<10)

7b e Log P = 5.39 (>5)

One violation

e Molecular weight = 445.56 g/mol ((500)
e No of H-bond donor groups (OHs + NHs) = 1 (<5)
e No of H-bond acceptor atoms (Os + Ns) = 6 (<10)

7e e Log P = 4.63 (<5)

No violation

e Molecular weight = 459.52 g/mol ((500)
e No of H-bond donor groups (OHs + NHs) = 1 (<5)
e No of H-bond acceptor atoms (Os + Ns) = 8 (<10)

9a e Log P = 3.24 (<5)

No violation

e Molecular weight = 418.47 g/mol ((500)
e No of H-bond donor groups (OHs + NHs) = 2 (<5)
e No of H-bond acceptor atoms (Os + Ns) = 8 (<10)

both compounds need future further practical study to evalu-
ate their actual oral bioavailability behavior. Table 7 summa-
rized the obtained data.

3. Conclusion

In summary, a new set of pyridotheinopyrimidine compounds
were designed, synthesized and evaluated for their dual antimi-
crobial and anticancer activities. All the new derivatives were
evaluated as antimicrobial agents against a panel of bacterial
and fungal strains. The MIC values of the compounds revealed
that the 4-chloro analogue 4a, amino acid derivatives 6a,c, the
Schiff’s base 7c¢, the tetracyclic derivative 8b and the 4-
pyrazolone derivatives 9a,b exhibited the most potent antimi-
crobial activity compared with amoxicillin trihydrate and
clotrimazole as standard antibacterial and antifungal drugs.
Moreover, the in vitro cytotoxicity evaluation of the new
derivatives against HepG2 and MCF-7 cell lines revealed the
promising activity of the tested compounds against HepG2
cancer cells of ICso range; 1.80-48.70 pM more than MCF-7
cells of ICsy range; 10.80-80.61 pM. The parent 2b, 4a, 6a,
the Schiff’s bases 7b,c and 9a elicited the most potent cytotoxic
activity against HepG-2 cell line of ICsy values range; 1.80—
5.63 uM compared with doxorubicin as a positive control
(ICs0; 2.85 uM) and ICsy values ranging from 10.80 to
20.50 pM compared with cisplatin as another positive control
of ICsq value 20.70 pM. Further cytotoxic screening was carried
out for the most potent compounds 2b, 4a, 6a, 7b, 7c and 9a
against the normal cell line (WISH), which revealed their selec-
tive cytotoxicity against cancer cells and confirmed their
promising safety profile. Additionally, the EGFRW™T kinase
inhibition assay for the latter derivatives showed the significant
inhibitory activity of these compounds with ICs, values range;
0.021-0.117 uM in comparison to erlotinib as standard EGFR
inhibitor of ICs; 0.027 uM. Moreover, the 4-pyrazoline deriva-

tive 9a exhibited more potent inhibitory activity than that of
erlotinib with an ICsy value of 0.021 pM. While, a slight
decrease in the activity was detected by 7¢ and 6a, which gave
I1Cso values 0.032 and 0.046 uM, respectively.

Furthermore, the most promising EGFRWT inhibitors 6a,
7b, 7c, 9a were also evaluated as inhibitors against the mutant
forms EGFRM*R and EGFRT"”M in comparison to erlotinib
as a reference drug. The compound 9a exhibited more potent
suppression effect against both EGFR™%F and EGFRT*M
than erlotinib of ICsos = 0.053, 0.081 uM, respectively; I1Csq
erlotinib;  0.041, 0.550 puM, respectively followed by 7c¢ of
ICs0s = 0.252, 0.219 uM, respectively. The molecular docking
study confirmed that the binding modes of compounds 2b, 4a,
6a, 7b, 7c, 9a were consistent with the EGFRWT inhibitory
activities. It was obvious that many of the target compounds
have significant antimicrobial and/or anticancer activity and
the most potent derivatives of dual activity were the 4-
pyrazolone derivative 9a, the glycine derivative 6a, and the
Schiff’s base 7e.

Based on the gained results, pyridotheinopyrimidine scaf-
folds could be considered as a promising template for further
developing and optimizing new analogues of more potent dual
antimicrobial and anticancer agents via EGFR inhibitory effect.

4. Experimental

4.1. Chemistry

The general information about the instruments utilized in the
determination of the melting points, spectral data (IR, 'H
NMR, "> C NMR, and Mass), and the elemental analysis of
the target compounds are mentioned in detail in the Supple-
mentary material. The starting compound 3-amino-4,6-
dimethylthieno[2,3-b]pyridine-2-carboxamide (1) was prepared
as the reported method (Youssefyeh, et al., 1984)
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4.1.1. Synthesis of 2,3-dihydropyridothienopyrimidin-4(1H )-
ones 2a,b

A mixture solution of compound 1 (0.02 mol) and the appro-
priate aldehyde namely; 4-methoxybenzaldehyde or furan-2-
carbaldehyde (0.02 mol) in glacial acetic acid (30 mL) was
refluxed for 8 h. After reaction completion, the solvent was
evaporated till dryness under reduced pressure and the
obtained precipitate was filtered, washed several times with
water, and recrystallized from ethanol to give compounds 2a,b.

4.1.1.1. 2-(4-Methoxyphenyl)-7,9-dimethyl-2,3-dihydropyrido
[3',2':4,5 Jthieno[ 3,2-d[pyrimidin-4(1H )-one ~ (2a).  Yield
82%, brownish powder, m.p. 210 °C; IR (KBr, omax/cm’l):
3424, 3254 (2NH), 3029 (CH-aromatic), 2958, 2836 (CH-
aliphatic), 1656 (C = O); '"H NMR (400 MHz, DMSO d;, ¢
ppm): 2.49 (s, 3H, CH3), 2.70 (s, 3H, CH3), 3.71 (s, 3H,
OCHj3;), 5.81 (s,1H, CH-pyrimidinone), 6.91 (d, 2H,
J = 8.4 Hz, Ar-H), 7.02 (s, 1H, NH, D,O exchangeable),
7.06 (s, 1H, Ar-H), 7.44 (d, 2H, J = 8.4 Hz, Ar-H), 8.32
(s,JH, NH, D,O exchangeable); '*C NMR (100 MHz,
DMSO dg, 6 ppm): 19.73, 24.38 (2CH3), 55.63 (OCH3), 66.13
(CH-pyrimidinone), 114.07, 122.12, 123.01, 128.27, 128.58,
133.84, 137.61, 145.23, 145.33, 159.05, 159.86 (Ar-C), 162.11
(C = 0); MS, m/z (%): 339 (M ™", 37); Anal. Calc. for C;gH;--
N30,S (339.41): Caled. C, 63.70; H, 5.05; N, 12.38; S, 9.45;
found C, 63.42, H, 4.88; N, 12.10; S, 9.14.

4.1.1.2. 2-(Furan-2-yl)-7,9-dimethyl-2,3-dihydropyrido
[3,2':4,5 ] thieno[ 3,2-d [pyrimidin-4(1H )-one ~ (2b).  Yield
76%, brownish powder, m.p. 245 °C; IR (KBr, Upax/cm ):
3304, 3225 (2NH), 3029 (CH-aromatic), 2975, 2931 (CH-
aliphatic), 1660 (C = O); "H NMR (400 MHz, DMSO dy, §
ppm): 2.51 (s, 3H, CHs;), 2.68 (s, 3H, CH3), 5.90 (s, 1H, CH-
pyrimidinone), 6.31-6.37 (m, 2H, Ar-H), 7.06 (s, 1H, Ar-H),
7.16 (s, 1H, NH, D,O exchangeable), 7.61 (s, 1H, Ar-H),
8.35 (s, 1H, NH, D,O exchangeable); '*C NMR (100 MHz,
DMSOds;, 6 ppm): 19.64, 24.33 (2CH3), 61.41 (CH-
pyrimidinone), 107.52, 108.00, 110.81, 122.05, 123.02, 143.35,
144.59, 145.08, 154.25, 159.98, 161.62 (Ar-C), 161.75
(C = 0); MS, m/z (%): 299 (M ™", 25); Anal. Calc. for for C;s-
H3N30,S (299.35): Caled. C, 60.19; H, 4.38; N, 14.04; S,
10.71; found C, 59. 91; H, 4.13; N, 13.87; S, 10.42.

4.1.2. Synthesis of pyridothienopyrimidin-4(3H )-one derivatives
3a,b

A mixture of compounds 2a,b (0.01 mol), and benzoquinone
(0.01 mol) in absolute ethanol (50 mL) was refluxed for 9 h.
The solid formed was collected by filtration, washed with hot
water, and recrystallized from DMF/EtOH to give compounds
3a,b.

4.1.2.1. 2-(4-Methoxyphenyl )-7 9-dimethylpyrido[3',2':4,5]
thieno[ 3,2-d | pyrimidin-4(3H )-one (3a). Yield 66 %, greyish
powder, m.p. 340 °C; IR (KBr, vyay/cm 1) 3435 (NH), 2921
(CH-aliphatic), 1668 (C = O); 'H NMR (400 MHz,
DMSO ds, 6 ppm): 2.54 (s, 3H, CHj3), 2.91 (s, 3H, CHy),
3.85 (s, 3H, OCHy), 7.07 (d, 2H, J = 8.0 Hz, Ar-H), 7.19 (s,
IH, Ar-H), 8.17 (d, 2H, J = 8.0 Hz, Ar-H), 12.83 (s, 1H,
NH, D,0 exchangeable); '>*C NMR (100 MHz, DMSO dg, §

ppm): 19.43, 24.51 (2CHs3), 56.09 (OCH;), 114.52, 122.21,
123.33, 127.70, 130.57, 145.41, 153.21, 154.56, 159.30, 159.88,
160.16 (Ar-C), 162.59 (C = 0); MS, m/z (%): 337 M ™,
48); Anal. Calc. for for C;gH;sN30,S (337.40): Calcd. C,
64.08; H, 4.48; N, 12.45; S, 9.50; found C, 64.23; H, 4.26; N,
12.69; S, 9.31.

4.1.2.2. 2-(Furan-2-yl)-7,9- dimethylpyrido[3',2':4,5] thieno
[3,2-d]pyrimidin-4(3H )-one (3b). Yield 62%, greyish powder,
m.p. 350-351 °C; IR (KBr, vpayx/cm'): 3376 (NH), 3008 (CH-
aromatic), 2952 (CH-alicyclic), 1658 (C = 0); 'H NMR
(400 MHz, DMSO ds, 6 ppm): 2.46 (s, 3H, CH3), 2.82 (s,
3H, CH;), 7.08-8.01 (m, 4H, Ar-H), 13.0 (s,1H, NH, D,0O
exchangeable); '°C NMR (100 MHz, DMSO ds;, & ppm):
19.11, 24.51 (2CH3), 113.18, 115.14, 121.29, 124.58, 134.80,
145.59, 147.16, 147.21, 150.03, 152.05, 159.92, 160.13 (Ar-C),
162.09 (C = 0); MS, m/z (%): 297 (M™-, 26); Anal.
Calc. for C;sH[N3;O,S (297.33): Caled. C, 60.59; H,
3.73; N, 14.13; S, 10.78; found C, 60.32; H, 3.48; N, 14.01;
S, 10.5.

4.1.3. Synthesis of 4-chloropyridothienopyrimidine derivatives
4a,b

A mixture of compounds 3a,b (5 mmol), phosphorus oxychlo-
ride (15 mL), and phosphorous pentachloride (5 mmol) was
heated on a boiling water bath for 12 h. After the reaction
completion, the mixture solution was left to cool then poured
gradually with continuous stirring onto crushed ice. The
obtained solid was filtered, washed with water, and recrystal-
lized from DMF to give the corresponding chloro derivatives
4a,b.

4.1.3.1. 4-chloro-2-(4-methoxyphenyl )-7,9-dimethylpyrido
[3,2':4,5 ] thieno[ 3,2-d [pyrimidine (4a). Yield 87%, brownish
powder, m.p. 270 °C; IR (KBr, Umax/cm ™ 1): 3021 (CH-
aromatic), 2991 (CH-aliphatic), 1620 (C = N); 'H NMR
(400 MHz, DMSO ds, 6 ppm): 2.47 (s, 3H, CHjy), 2.77 (s,
3H, CH;), 3.77 (s, 3H, OCH3), 6.92 (d, 2H, J = 10.4 Hz,
Ar-H), 7.13 (s, 1H, Ar-H), 8.09 (d, 2H, J = 10.4 Hz, Ar-H);
3C NMR (100 MHz, DMSOds;, & ppm): 19.71, 24.35
(2CH3), 55.61 (OCHg3), 114.73, 121.22, 122.95, 123.81,
127.15, 129.90, 145.57, 154.09, 159.94, 160.89, 161,09, 161.89
(Ar-C);); MS, m/z (%): 355 (M "+, 63); Anal. Calc. for CgH 4-
CIN;OS (355. 84): Calcd. C, 60.76; H, 3.97; N, 11.81; S, 9.01;
found C, 60.34; H, 3.72; N, 12.11; S, 8.74.

4.1.3.2.  4-chloro-2-(furan-2-yl)-7 ,9-dimethylpyrido[3',2':4,5]
thieno[ 3,2-d |pyrimidine (4b). Yield 80%, greyish powder, m.
p. 261 °C; IR (KBr, Upgy/cm™'): 3107 (CH-aromatic), 2919
(CH- aliphatic), 1618 (C = N); 'H NMR (400 MHz,
DMSO ds, 0 ppm): 2.50 (s, 3H, CH3), 2.77 (s, 3H, CHjy),),
6.66 (t, 1H, Ar-H), 7.07 (s, 1H, Ar-H), 7.19 (d, 1H,
J = 9.6 Hz, Ar-H), 7.93 (d, 1H, J = 12.4 Hz, Ar-H); *C
NMR (100 MHz, DMSO ds, 6 ppm):19.09, 24.52 (2CHj3),
113.08, 114.63, 122.54, 123.50, 125.59, 145.70, 148.11, 150.88,
153.39, 153.50, 159.87, 162.18, 162.24 (Ar-C); MS, m/z (%):
315 (M ™, 25); Anal. Calc. for C;sH;oCIN;0S (315.78): Calcd.
C, 57.05; H, 3.19; N, 13.31; S, 10.15; found C, 56.78; H, 2.89;
N, 13.53; S, 9.88.
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4.1.4. Synthesis of 4-hydrazineylpyrido[3',2':4,5 [thieno[3,2-d]
pyrimidine derivatives 5a,b

A mixture of the chloro derivatives 4a,b (5 mmol), and hydra-
zine hydrate (20 mmol) in ethanol (70 mL) was refluxed for
4 h. After the reaction completion, the excess solvent was evap-
orated till dryness under reduced pressure. Then the obtained
precipitate was washed with water, collected by filtration, and
recrystallized from EtOH/H,O to give the corresponding tar-
get compounds S5a,b.

4.14.1. 4-Hydrazineyl-2-(4-methoxyphenyl)-7,9-dimethylpyr-
ido[3',2':4,5 [thieno[3,2-d] pyrimidine (5a). Yield 88%, yel-
lowish powder, m.p. 220 °C; IR (KBr, Umax/crn’l): 3380,
3335 (NH, NH,), 3086 (CH-aromatic), 2918, 2832 (CH-
aliphatic), 1622 (C = N); '"H NMR (400 MHz, DMSO d,, ¢
ppm): 2.51 (s, 3H, CH3), 2.61 (s, 3H, CH3), 3.84 (s, 3H,
OCHjs;), 4.94 (s, 2H, NH,, D,O exchangeable), 7.05 (d, 2H,
J = 8.7 Hz, Ar-H), 7.22 (s, 1H, Ar-H), 8.37 (d, 2H,
J = 8.6 Hz, Ar-H), 9.02 (s, 1H, NH, D,O exchangeable);
13C NMR (100 MHz, DMSO d,;, & ppm): 19.90, 24.55
(2CHj3), 55.70 (OCHs), 114.12, 116.29, 122.44, 123.47,
129.54, 131.12, 135.03, 145.21, 146.47, 158.22, 159.60, 159.78,
161.35 (Ar-C); MS, m/z (%): 351 (M™", 58);Anal. Calc. for
CgH7NsO0S (351.43): Calcd. C, 61.52; H, 4.88; N, 19.93; S,
9.12; found C, 61.24; H, 4.65; N, 19.68; S, 8.83.

4.14.2. 2-( Furan-2-yl)-4-hydrazineyl-7,9-dimethylpyrido
[3',2':4,5 Jthieno[ 3,2-d [pyrimidine (5b). Yield 89%, yellowish
powder, m.p. 218 °C; IR (KBr, vma,/cm ™ ): 3324, 3288 (NH,
NH,), 3109 (CH-aromatic), 2921 (CH-aliphatic); 'H NMR
(400 MHz, DMSO ds, 6 ppm): 2.58 (s, 3H, CH3), 2.98 (s,
3H, CHj3), 4.94 (s, 2H, NH,, D,O exchangeable), 6.65-7.90
(m, 4H, Ar-H), 9.25 (s, 1H, NH, D,O exchangeable); '*C
NMR (100 MHz, DMSO d;, § ppm): 19.23, 24.51 (2CH3),
110.40, 114.64, 122.41, 123.45, 125.53, 145.42, 147.20, 150.47,
153.50, 159.82, 160.01, 161.36, 163.08 (Ar-C); MS, m/z (%):
311 (M *-,100); Anal. Calc. for C;sH;3NsOS (311. 36): Calcd.
C, 57.86; H, 4.21; N, 22.49; S, 10.30; found C, 57.59; H, 3.99;
N, 22.21; S, 10.03.

4.1.5. Synthesis of (pyridothienopyrimidin-4-yl) amino acid
derivatives 6a-c

A mixture of the chloro derivatives 4a,b (I mmol), and the
appropriate amino acids (1 mmol), namely; glycine, valine,
and alanine in DMSO (20 mL) containing anhydrous sodium
carbonate (0.2 g) was stirred on a water bath at 80 °C for
6 h. Then, the reaction solution was poured onto ice/water
and the reaction medium was neutralized with dil. HCI (pH;
7). The formed precipitate was collected by filtration, washed
with water, and recrystallized from dioxane to give the corre-
sponding compounds 6a-c.

4.1.5.1.  (2-(4-Methoxyphenyl)-7 ,9-dimethylpyrido[3',2':4,5]
thieno[ 3,2-d [ pyrimidin-4-yl)glycine (6a). Yield 61%, brown-
ish powder, m.p. 256 °C, IR (KBr, vpax/cm™"): 3395 (broad,
OH), 3344 (NH), 3073 (CH-aromatic), 2957, 2920 (CH-
aliphatic), 1670 (C = O) ; '"H NMR (400 MHz, DMSO dj, §
ppm): 2.47 (s, 3H, CH3), 2.87 (s, 3H, CH3), 3.75 (s, 3H,
OCH,), 4.11 (s, 2H, -NH-CH>,), 6.99 (s, 1H, Ar-H), 7.06 (d,
2H, J = 8.4 Hz, Ar-H), 7.47 (1H, NH, D,O exchangeable),
8.21 (d, 2H, J = 8.5 Hz, Ar-H), 12.23 (s, 1H, OH, D,O

exchangeable); '*C NMR (100 MHz, DMSO ds, § ppm):
19.51, 24.45 (2CHs), 44.86 (-NH-CH,), 55.63 (OCHs;),
109.81, 114.87, 122.52, 123.50, 129.67, 131.33, 138.42, 145.41,
146.94, 14822, 157.08, 159.70, 161.56 (Ar-C), 176.14
(C = 0); MS, m/z (%): 394 (M ™", 52); Anal. Calc. for CooH s-
N4O3S (394.45): Caled. C 60.90; H, 4.60; N, 14.20; S, 8.13;
found C, 60.63; H, 4.35; N, 13.92; S, 7.84.

4.1.5.2.  (2-(4-Methoxyphenyl)-7 ,9-dimethylpyrido[3',2':4,5]
thieno[ 3,2-d [ pyrimidin-4-yl)valine (6b). Yield 63%, brownish
powder, m.p. 244 °C; IR (KBr, Umax/cm 1)z 3400 (broad, OH),
3323 (NH), 3090 (CH-aromatic), 2960, 2850 (CH-aliphatic),
1676 (C = 0),; 'H NMR (400 MHz, DMSO ds, § ppm): 0.99
(d, 6H, J = 8.4 Hz, -CH—(CHa)5), 1.90 (m, 1H, -CH—(CH3),),
2.44 (s, 3H, CH3), 2.70 (s, 3H, CH3), 3.04 (d, IH, J = 6.8 Hz,
-NH-CH), 3.85 (s, 3H, OCH3), 7.16 (d, 2H, J = 12.8 Hz, Ar-
H), 7.32 (s, 1H, Ar-H), 7.59 (s, 1H, NH, D,O exchangeable),
8.30 (d, 2H, J = 12.8 Hz, Ar-H), 12.81 (s, 1H, OH, D,O
exchangeable); '*C NMR (100 MHz, DMSO ds;, 8 ppm):
19.30, 19.59, 24.49 (4CH;), 45.79 (-CH—(CHs),), 55.60
(OCHs;), 67.97 (-NH-CH,), 105.30, 114.27, 122.45, 123.48,
131.20, 137.61, 140.45, 143.80, 145.47, 159.83, 161.40, 164.67
(Ar-C), 176.73 (C = O); MS, m/z (%): 436 (M ", 39); Anal.
Calc. for Cy3H»4N405S (436.53): Caled. C, 63.28; H, 5.54; N,
12.83; S, 7.34; found C, 63.54; H, 5.25; N, 13.06; S, 7.59.

4.1.5.3. (2-( Furan-2-yl)-7,9-dimethylpyrido[3',2' :4,5 [ thieno
[3.2-d[pyrimidin-4-yl)alanine (6¢). Yield 62%, brownish pow-
der, m.p. 197 °C; IR (KBr, vyac/cm™!): 3393 (broad, OH),
3312 (NH), 3061 (CH-aromatic), 2919, 2852 (CH-aliphatic),
1671 (C = O); '"H NMR (400 MHz, DMSO dy, § ppm): 1.52
(d, 3H, J = 5.2 Hz, -CH-CH»), 2.83 (s, 3H, CH3), 2.90 (s,
3H, CH3), 3.34 (m, 1H, -NH-CH), 6.69 (s, 1H, NH, D,O
exchangeable), 6.76-8.22 (m, 4H, Ar-H), 12.83 (s, 1H, OH,
D,O exchangeable); '*C NMR (100 MHz, DMSO d,,
ppm): 19.52, 20.17, 24.45 (3CH;), 48.82 (-HN-CH), 100.21,
114.13, 122.43, 123.55, 131.56, 135.62, 141.33, 143.91, 145.48,
159.80, 162.50, 165.03 (Ar-C), 176.75 (C = 0O); MS, m/z
(%): 368 (M ™", 46); Anal. Calc. for C;gH;4N4O5S (368.41):
Caled. C, 58.68; H, 4.38; N, 15.21; S, 8.70; found C, 58.34;
H, 4.74; N, 15.01; S, 8.52.

4.1.6. Synthesis of 4-(2-( Arylidene ) hydrazineyl)
pyridothienopyrimidine derivatives 7a-c

A mixture of the hydrazide compounds 5a,b (I mmol) and dif-
ferent aldehydes, namely, 4-methylbenzaldehyde, 2,5-
dimethoxybenzaldehyde, @ and  thiophene-2-carbaldehyde
(1 mmol) in ethanol/glacial acetic acid solution (1:1, 20 mL)
was refluxed for 12 h. The reaction solution was concentrated
and poured onto cold water and the formed solid was filtered,
washed with water, and crystallized from ethanol to give the
corresponding compounds 7a-c.

4.1.6.1. 2-(4-Methoxyphenyl)-7,9-dimethyl-4-( 2-(4-methylben-
zylidene ) hydrazineyl)pyrido [3',2':4,5 [thieno[3,2-d ] pyrimidine
(7a). Yield 66%, yellowish powder, m.p. 125 °C; IR (KBr,
Umax/cm'): 3303, 3186 (NH), 3084 (CH-aromatic), 2954,
2919 (CH-aliphatic), 1632 (C = N); '"H NMR (400 MHz,
DMSO ds, 6 ppm): 2.38 (s, 3H, CH3), 2.62 (s, 3H, CHy),
3.07 (s, 3H, CHj3), 3.85 (s, 3H, OCH3y), 7.05-8.23 (m, 9H,
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Ar-H,), 8.43 (s, 1H, -N = CH), 12.09 (s, 1H, NH, D,O
exchangeable); '°C NMR (100 MHz, DMSO ds, & ppm):
19.93, 21.60, 24.46 (3CHj;), 55.61 (OCHs3), 108.03, 114.45,
114.62, 122.25, 123.72, 126.81, 127.12, 129.50, 129.90, 132.37,
139.45, 145.51, 146.85, 156.30, 159.04, 159.96, 161.30, 167.98
(Ar-C); MS, m/z (%): 453 (M ", 38); Anal. Calc. for CogHas-
N;sOS (453. 56): Caled. C, 68.85; H, 5.11; N, 15.44; S, 7.07;
found C, 68.55; H, 4.86; N, 15.18; S, 7.32.

4.1.6.2. 2-(4-Methoxyphenyl)-7 ,9-dimethyl-4-(2-(thiophen-2-
yvimethylene ) hydrazineyl)pyrido [3',2':4,5 [thieno[3,2-d]pyrim-
idine (7b). Yield 68%, brownish powder, m.p. 116 °C; IR
(KBr, vpma/cm™'): 3341, 3155 (NH), 3099 (CH-aromatic),
2956, 2927 (CH-aliphatic), 1608 (C = N); 'H NMR
(400 MHz, DMSO ds, 6 ppm): 2.58 (s, 3H, CHj3), 2.99 (s,
3H, CHs3), 3.88 (s, 3H, OCHj;), 7.03-8.30 (m, 8H, Ar-H),
8.77 (s, 1H, -N = CH), 12.01 (s, 1H, NH, D»O exchangeable);
13C NMR (100 MHz, DMSO dj, 6 ppm): 19.91, 24.54 (2CHs),
56.07 (OCHs;), 108.90, 114.52, 114.94, 122.30, 123.82, 127.64,
128.35, 129.51, 131.20, 132.43, 145.47, 146.82, 157.31, 159.16,
159.93, 160.30, 162.21, 166.93 (Ar-C); MS, m/z (%): 445
(M ™", 40); Anal. Calc. for Cp3H 9NsOS, (445.56): Caled. C,
62.00; H, 4.30; N, 15.72; S, 14.39; found C, 61.73; H, 4.05;
N, 15.44; S, 14.11.

4.1.6.3. 4-(2-(2,5-Dimethoxybenzylidene ) hydrazineyl)-2-(fu-
ran-2-yl)-7,9-dimethylpyrido [3',2':4,5 [ thieno[ 3,2-d [ pyrimidine
(7c). Yield 68%, Yellowish powder, m.p. 126 °C; IR (KBr,
Umax/cm ™ 1): 3253, 3143 (NH), 3105 (CH-aromatic), 2993,
2949 (CH-aliphatic), 1613 (CH = N); 'H NMR (DMSO d,,
o ppm): 2.50 (s, 3H, CH3), 2.89 (s, 3H, CH3), 3.79 (s, 3H,
OCH;), 3.83 (s, 3H, OCHj;), 6.63-7.83 (m, 7H, Ar-H), 8.39
(s, 1H, -CH = N), 12.20 (s, 1H, NH, D,O exchangeable);
3C NMR (100 MHz, DMSOds, & ppm): 19.66, 24.50
(2CH3), 55.73, 56.54 (20CH;), 108.76, 110.54, 112.34,
112.47, 113.37, 116.39, 122.57, 122.91, 123.57, 138.34, 145.44,
146.82, 152.15, 152.86, 153.18, 153.64, 156.44, 157.20, 160.02,
164.50 (Ar-C, -CH = N); MS, m/z (%): 459 (M*", 60); Anal.
Calc. for Co4H,1N505S (459.52): Caled. C, 62.73; H, 4.61; N,
15.24; S, 6.98; found C, 62.51; H, 4.34; N, 15.01; S, 7.21.

4.1.7. Synthesis of pyridothienotriazolopyrimidine derivatives
8a,b

A solution of compound 5a,b (2 mmol) in formic acid (10 mL)
was refluxed for 6 h. The excess solvent was evaporated under
reduced pressure till dryness. Then the obtained solid was
washed with water, collected by filtration, and recrystallized
from DMF/H,O0 to give the corresponding compounds 8a,b.

4.1.7.1. 5-(4-Methoxyphenyl)-7 9-dimethylpyrido [3',2':4,5]
thieno[2,3-e] [1,2,4] triazolo[4,3-c] pyrimidine (8a). Yield
79%, brown solid, m.p. 240 °C; IR (KBr, Umax/crn’l): 3098
(CH-aromatic), 2943, 2863 (CH-aliphatic), 1619 (C = N);
'"H NMR (400 MHz, DMSO d,, 6 ppm): 2.54 (s, 3H, CH;),
2.81 (s, 3H, CH;), 3.88 (s, 3H, OCH3), 7.02 (d, 2H,
J = 8.8 Hz, Ar -H), 7. 22 (s, 1H, Ar-H), 8.01 (d, 2H,
J = 8.8 Hz, Ar-H), 9.51 (s, 1H, 1,2 4-triazole-H3); '*C NMR
(100 MHz, DMSO ds5, 6 ppm): 19.41, 24.45 (2CHs3), 56.16
(OCH;), 114.20, 122.44, 123.61, 129.87, 129.51, 131.27,
136.80, 137.91, 142.73, 145.52, 159.92, 162.43 (Ar-C); MS,
m/z (%): 361 (M™-, 33); Anal. Calc. for C;oH,;sNsOS

(361.42): Caled. C, 63.14; H, 4.18; N, 19.38; S, 8.87; found
C, 62.88; H, 3.89; N, 19.11; S, 8.58.

4.1.7.2. 5-(Furan-2-yl)-7,9-dimethylpyrido[3',2' :4,5 ] thieno
[2,3-e][1,2,4]triazolo[4,3-c] pyrimidine (8b). Yield 75%,
brown solid, m.p. 275 °C; IR (KBr, vmae/cm™'): 3103 (CH-
aromatic), 2919, 2851 (CH-aliphatic), 1620 (C = N); 'H
NMR (400 MHz, DMSO dj, 6 ppm): 2.45 (s, 3H, CH3), 2.66
(s, 3H, CHj;), 6.86-8.11 (m, 4H, Ar-H), 9.74 (s, 1H, 1,2,4-
triazole-Hs); '*C NMR (100 MHz, DMSO dj,  ppm): 19.20,
24.57 (2CHs;), 112.20, 115.06, 122.40, 123.84, 129.50, 132.22,
138.50, 142.71, 143,66, 145.50, 154.73, 159.90, 161.23, 165.41
(Ar-C); MS, m/z (%): 321 (M, 45); Anal. Calc. for C,¢H;-
NsOS (321.36): Caled. C, 59.80; H, 3.45; N, 21.79; S, 9.98;
found C, 59.53; H, 3.23; N, 21.51; S, 9.69.

4.1.8. Synthesis of 5-amino-2-(pyridothienopyrimidin-4-yl)-2,4-
dihydro-3H-pyrazol-3-one derivatives 9a,b

A mixture of compound 5a,b (1 mmol), and ethyl cyanoacetate
(1 mmol) in ethanol/glacial acetic acid solution (3:1; 20 mL) was
refluxed for10h. The reaction solution was evaporated under
reduced pressure till dryness, then treated with water. The solid
obtained was filtered, washed with water, and recrystallized
from ethanol to give the corresponding compounds 9a,b.

4.1.8.1. 5-Amino-2-(2-(4-methoxyphenyl)-7 9-dimethylpyrido
[3.2':4,5] thieno[3,2-d]pyrimidin-4-yl)-2,4-dihydro-3H-pyra-
zol-3-one (9a). Yield 85%, Yellowish powder, m.p. 249 °C;
IR (KBr, Umax/cm_l): 3212 (NH,), 3092 (CH-aromatic),
2933, 2843 (CH-aliphatic), 1695 (C = 0); 'H NMR
(400 MHz, DMSO ds, 6 ppm): 2.60 (s, 3H, CHjy), 2.97 (s,
3H, CH;), 3.06 (s, 2H, pyrazolone-CH,), 3.85 (s, 3H,
OCHj;), 7.08-8.45 (m, 5H, Ar-H), 9.58 (s, 2H, NH,, D20
exchangeable); ')C NMR (100 MHz, DMSOd;
ppm):19.61, 24.50, (2CHj3), 55.88 (OCHs;), 61.57 (pyrazolone-
CH>), 110.93, 114.52, 120.15, 122.39, 123.90, 129.88, 145.43,
146.21, 154.98, 157.39, 159.98, 161.58, 162.11 (Ar-C), 170.17
(C = 0); MS, m/z (%): 418 (M ", 28); Anal. Calc. for C5;H -
NgO-S (418.48): Calcd. C, 60.27; H, 4.34; N, 20.08; S, 7.66;
found C, 60.01; H, 4.06; N, 19.81; S, 7.38.

4.1.8.2. 5-Amino-2-(2-(furan-2-yl)-7,9-dimethylpyrido
[3.2':4,5 [ thieno[ 3,2-d [ pyrimidin-4-yl )-2,4-dihydro-3H-pyra-
zol-3-one (9b). Yield 78%, brownish powder, m.p. 225 °C, IR
(KBr, Umax/em™'): 3208 (NH,), 3099 (CH-aromatic), 2933,
2843 (CH-aliphatic), 1677 (C = O); 'H NMR (400 MHz,
DMSO ds, 6 ppm): 2.56 (s, 3H, CH3), 2.89 (s, 3H, CH,),
2.98 (s, 2H, pyrazolone-CH»), 6.64-8.02 (m, 4H, Ar-H), 9.73
(s, 2H, NH,, D20 exchangeable); '*C NMR (100 MHz,
DMSO ds, 6 ppm): 19.87, 24.51 (2CH3), 65.59 (pyrazolone-
CH,), 107.93, 110.91, 113.72, 122.19, 123.89, 145.45, 146.29,
151.99, 153.02, 154.67, 154.91, 159.98, 161.58 (Ar-C), 170.90
(C = 0); MS, m/z (%): 378 (M ™", 60); Anal. Calc. for CgH 4
NgO-S (378.41): Calcd. C, 57.13; H, 3.73; N, 22.21; S, 8.47,
found C, 56.88; H, 3.48; N, 21.97; S, 8.18.

4.1.9. Synthesis of 2-(pyridothienopyrimidin-4-yl)-5-methyl-2 4-
dihydro-3H-pyrazol-3-one derivatives 10a,b

A mixture of compound 5a,b (1 mmol), and ethyl acetoacetate
(1 mmol) in ethanol/glacial acetic acid solution (1:1, 20 mL)
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was refluxed for 10 h. Upon reaction completion, the mixture
solution was concentrated, poured onto ice/water. The
obtained solid was filtered, washed with water, and recrystal-
lized from acetone to give the corresponding derivatives 10a,b.

4.1.9.1. 2-(2-(4-Methoxyphenyl)-7,9-dimethylpyrido[3',2':4,5]
thieno[ 3,2-d | pyrimidin-4-yl)-5-methyl-2,4-dihydro-3 H-pyrazol-
3-one (10a). Yield 90%, brownish powder, m.p 241 °C; IR
(KBr, Umax/cm™"): 3089 (CH-aromatic), 2959, 2922, (CH-
aliphatic), 1676 (C = 0), 1590 (C = N); 'H NMR
(400 MHz, DMSO dg5, 6 ppm): 1.96 (s, 3H, CHj), 2.55 (s,
3H, CHj), 2.73 (s, 3H, CHj), 3.01 (s, 2H, pyrazolone-CH»),
3.83 (s, 3H, OCH;), 7.05 (d, 2H, J = 16.7 Hz, Ar-H), 7.21
(s, 1H, Ar-H), 8.36 (d, 2H, J = 16.4 Hz, Ar-H); '*C NMR
(100 MHz, DMSO d4, 6 ppm); 18.93, 19.81, 24.95 (3CHs),
31.59 (pyrazolone-CH,), 55.85 (OCH;), 107.73, 114.12,
114.49, 122.40, 123.87, 129.73, 130.62, 145.47, 147.21, 160.01,
160.59, 161.62, 161.99 (Ar-C), 172.92 (C = O); MS, m/z
(%): 417 (M ™, 10); Anal. Calc. for CpoHoNsO,S (417. 49):
Caled. C, 63.29; H, 4.59; N, 16.78; S, 7.68; found C, 63.02;
H, 4.34; N, 16.51; S, 7.39.

4.1.9.2. 2-(2-(Furan-2-yl)-7,9-dimethylpyrido[3',2':4,5 [ thieno
[3,2-d[pyrimidin-4-yl )-5-methyl-2 4-dihydro-3 H-pyrazol-3-one
(10b). Yield 87%, brownish powder, m.p. 232 °C; IR (KBr,
Umax/em~'): 3096 (CH-aromatic), 2962, 2921 (CH-aliphatic),
1674 (C = 0), 1595 (C = N); '"H NMR (400 MHz, DMSO d,
0 ppm): 2.26 (s, 3H, CHjy), 2.62 (s, 3H, CH3y), 2.72 (s, 3H,
CH;), 2.97 (s, 2H, pyrazolone-CH,), 6.79-8.02 (m, 4H, Ar-
H); *C NMR (100 MHz, DMSO d,, § ppm); 18.72, 19.86,
2491 (3CHj;), 32.03 (pyrazolone-CH,), 107.72, 108.16,
112.14, 122.17, 123.81, 128.72, 130.15, 145.50, 147.21, 159.79,
161.50, 162.64, 163.93 (Ar-C), 172.57 (C = 0O); MS, m/z
(%): 377 (M™,74); Anal. Calc. for C;oH;sNs0,S (377.42):
Caled. C, 60.47; H, 4.01; N, 18.56; S, 8.49; found C, 60.30;
H, 3.86; N, 18.38; S, 8.21.

4.1.10. Synthesis of 4-(3,5-dimethyl-1H-pyrazol-1-yl)
pyridothienopyrimidines 11a,b

A mixture of compounds 5a,b (I mmol), and acetylacetone
(1 mmol) in glacial acetic acid (10 mL) was refluxed for § h.
After the reaction completion, the mixture solution was
cooled, poured onto ice/water and the solid obtained was col-
lected by filtration and recrystallized from acetone to give the
corresponding derivatives 11a,b.

4.1.10.1. 4-(3,5-Dimethyl-1H-pyrazol-1-yl)-2-(4-methoxyphe-
nyl)-7,.9-dimethylpyrido[3',2':4,5]  thieno[3,2-d]  pyrimidine
(11a). Yield 86%, greenish powder, m.p. 248 °C; IR (KBr,
Umax/cm ™~ 1): 3087 (CH-aromatic), 2918, 2837 (CH-aliphatic),
1623 (C = N); '"H NMR (400 MHz, DMSO d,, § ppm): 2.31
(s, 3H, CH;), 2.59 (s, 3H, CH3), 2.85 (s, 3H, CHz), 2.99 (s,
3H, CH3), 3.85 (s, 3H, OCHs3), 6.30 (s, 1H, pyrazole-Hy),
7.05 (d, 2H, J = 8.4 Hz, Ar-H), 7.23 (s, 1H, Ar-H), 8.30 (d,
2H, J = 8.4 Hz, Ar-H); '*C NMR (100 MHz, DMSO dg, §
ppm); 13.72, 16.21, 19.75, 24.70 (4CH3), 55.85 (OCHj),
108.33, 110.55, 114.63, 116.60, 122.55, 123.52, 131.10, 137.43,
140.45, 143.11, 145.47, 149.80, 155.76, 160.14, 161.62, 166.90
(Ar-C); MS, m/z (%): 415 (M ", 44); Anal. Calc. for Co3Ho;-

NsOS (415.52): Caled. C, 66.48; H, 5.09; N, 16.85; S, 7.72;
found C, 66.21; H, 4.88; N, 16.58; S, 7.43.

4.1.10.2. 4-(3,5-Dimethyl-1H-pyrazol-1-yl)-2-( furan-2-yl)-7,9-
dimethylpyrido[3',2' :4,5 [ thieno [3,2-d] pyrimidine (11b). Yield
65%, brownish powder, m.p. 240 °C; IR (KBr, Upmax/cm™):
3097 (CH-aromatic), 2966, 2919 (CH-aliphatic), 1620
(C = N); '"H NMR (400 MHz, DMSO d;, 6 ppm): 2.22 (s,
3H, CH;), 2.58 (s, 3H, CHj3), 2.75 (s, 3H, CH3), 2.86 (s, 3H,
CHs), 6.20 (s, 1H, pyrazole-Hy), 6.67-7.89 (m, 4H, Ar-H);
13C NMR (100 MHz , DMSO ds, é ppm); 13.94, 15.96, 19.72,
24.71 (4CH;), , 105.61, 110.50, 111.46, 112.83, 122.34, 123.88,
131.15, 137.40, 140.73, 142.58, 145.46, 152.19, 159.88, 160.97,
162.61, 166.60 (Ar-C); MS, m/z (%): 375 (M, 100); Anal.
Calc. for Cy0H7N50S (375.45): Caled. C, 63.98; H, 4.56; N,
18.65; S, 8.54; found C, 63.71; H, 4.31; N, 18.37; S, 8.82.

4.2. Antimicrobial assay

All synthesized compounds were screened for their
in vitro antimicrobial activity against five bacterial strains
(S. aureus 25923, B. subtilis 6633, B. cereus 33018, E. coli
8739, S. typhimurium 14028), three yeasts (C. albicans 10231,
C. tropicals 750, S. cerevisiae) and two fungi (Aspergillus fla-
vus, Aspergillus niger EM77). The diameter of inhibition zone
(DIZ) assay was performed by agar disk diffusion method
(Penna et al. 1998) and the (MIC) values were determined by
using broth dilution method (Wiegand et al. 2008). More
details were provided in the supplementary material.

4.3. In vitro anticancer screening

The in vitro cytotoxicity potency of the target compounds
2a,b—11a,b was screened against HepG-2 and MCF-7 cancer
cell lines by MTT assay (van Meerloo et al., 2011). The cytotox-
icity was estimated as ICsq in pM for the tested compounds and
the reference drugs (doxorubicin and cisplatin) listed in Table 3.
More details were provided in Supplementary material.

4.4. EGFR kinase inhibitory assay

EGFRYT kinase inhibitory assay was performed for the target
compounds 2b, 4a, 6a, 7b, 7¢, and 9a with erlotinib as a refer-
ence inhibitor, by using the EGFR™T kinase assay kit (Cat. #
40321), while compounds 6a, 7b, 7c and 9a were further tested
against EGFR™%R and EGFR™R ysing Kinase Assay Kit
Catalog # 40,324 and EGFR(T790M) Kinase Assay Kit Cata-
log # 40,323 in comparison to erlotinib. The assay kit is
designed to measure EGFR Kinase activity for screening appli-
cations using Kinase-Glo® MAX as a detection reagent using
Kinase-Glo® MAX as a detection reagent. The luminescence
was measured using the microplate reader (Infinite M200
microplate  reader, Tecan, Mainnedorf, Switzerland)
(Aiebchun et al., 2021). All assays were performed in triplicate
and the relative inhibition (%) of inhibitors were then calcu-
lated compared to the control with no inhibitor. Then the
IC50 values (the concentration which provides 50% enzyme
inhibition) and their standard deviation (SD) for the tested
compounds and the reference drug were determined in (LM)
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and listed in Table 4, 5. More details were provided in the sup-
plementary material.

4.5. Computational studies

4.5.1. Molecular modeling studies

The molecular modeling studies were carried out using Molec-
ular Operating Environment (MOE, 2019.0102) software. The
RMSD gradient of 0.1 keal'mol 'A~" was reached using the
MMFF94x force field and the partial charges were automati-
cally calculated. (Yan et al. 2020; Stamos et al., 2002). More
details were provided in the supplementary material.

4.5.2. ADME study

SwissADME is a free web tool to evaluate pharmacokinetics,
drug-likeness and medicinal chemistry friendliness of small

molecules.http://www.swissadme.ch/index.php).
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