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a b s t r a c t 

A series of hybrid indolo[3,2-c]isoquinoline ( δ-carboline) analogs incorporating two pyrimidine and piper- 

izine ring frameworks were synthesized. Intending biological activities and SAR we propose replacements 

of fluorine, methyl and methoxy of synthetic compounds for noteworthy antimicrobial, antioxidant, anti- 

cancer and anti-tuberculosis activities. Among these compounds 3a, 4a and 5e were progressively strong 

against E. coli and K. pneumonia . Whereas, compounds 4a, 5a and 6a with addition of various functional 

groups (OCH 3 , CH 3 ) were excellent against S. aureus and B. subtilis . Compound 5c exhibited strong RSA 

and dynamic ferrous ion (Fe 2 + ) metal chelating impact with IC 50 of 7.88 ± 0.93 and 4.06 ± 0.31 μg/mL, re- 

spectively. Compound 5e was considerably cytotoxic against all cancer cells displaying activity better than 

the standard drug. Compounds 6b and 6e inhibited M. tuberculosis (MIC 1.0 mg/L) considerably. Molecu- 

lar docking studies indicate that compounds 4d, 5a, 5b, 6b and 6f exhibited good interactions with 6LZE 

(COVID-19) and 6XFN (SARS-CoV-2) at active sites. The structure of the synthesized compounds were 

elementally analyzed using IR, 1 H, 13 C NMR and mass spectral information. 

© 2020 Elsevier B.V. All rights reserved. 
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. Introduction 

Coronavirus disease 2019 (COVID-19), a fatal respiratory illness 

as reported in Dec 2019 from China. Initially the causal organ- 

sm was named as 2019-nCoV. The earliest article in January 2020, 

elated to 2019-nCoV revealed that 2019-nCoV belongs to the beta- 

oronavirus group, sharing ancestry with bat coronavirus HKU9- 

, similar to SARS coronaviruses and that despite sequence diver- 

ity its spike protein interacts strongly with the human ACE2 re- 

eptor [1] . In February 2020, WHO renamed the virus as SARS- 

oV-2 (severe acute respiratory syndrome corona virus 2). Sev- 

ral pre existing antiretroviral drugs showed potentiality against 

OVID-19 viz, oseltamivir [2] , lopinavir [3] , ritonavir [3] , remdesivir 

4] , favipiravir [5] , ribavirin [5] , chloroquine and hydroxychloro- 

uine. [6] alone or in combination. Out of these, ritonavir, remde- 

ivir, chloroquine and hydroxychloroquine has shown efficacy at 

ellular level [7] . Nucleotide sequences of SARS-CoV-2 reveal it as 

 member of betacoronaviruses such as the SARS and MERS HCoVs 
∗ Corresponding author. 
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8-10] . HCoVs are positive-sense, long (30,0 0 0 bp), single-stranded 

NA viruses SARS-CoV-2 genomic organization consists of a 50- 

ntranslated region (UTR), a replicase complex (orf1ab) encoding 

on-structural proteins (nsps), a spike protein (S) gene, envelope 

rotein (E) gene, amembrane protein (M) gene, a nucleocapsid pro- 

ein (N) gene, 30-UTR, and several unidentified non-structural open 

eading frames [11] . 

Cancer and Tuberculosis (TB) are two significant reasons for 

eath, because still no widespread strong medications taking care 

f them have been synthesized. Concurring, World Health Orga- 

ization (WHO) to factual information that eight million people 

ttribute new infection with T.B. annually [ 12 , 13 ]. Tuberculosis is 

 chronic bacterial contamination transmitted thru the air. This 

ickness is brought about by the bacteria Mycobacterium tuber- 

ulosis and primarily influences lungs (pulmonary TB). Mycobac- 

erial cell membrane could initiate nitric oxide generation and re- 

ctive oxygen species (ROS) each involved in carcinogenesis [14] . 

ational Cancer Institute review and reported that patients with 

ulmonary tuberculosis had more desirable danger of lung can- 

er and assessed a double rise in chance of lung cancer in males 

ith tuberculosis [ 12 , 15 ]. Furthermore, Cancer is lethal illness with 

https://doi.org/10.1016/j.molstruc.2020.129829
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2020.129829&domain=pdf
mailto:drvermachem@gmail.com
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trengthening cause for mortality and measurements with antici- 

ated annual 20 million cases globally by 2020 every year [16] . It 

s conceivable that endogenous free radical reaction started by ion- 

zation radiation, can also end result in tumors arrangement. One 

f the most basic relationships among reactive oxygen species and 

ancer is the expanded demise rate from leukemia and malignant 

eoplasia of the breast, ovaries and rectum because of more promi- 

ent effect of lipid peroxidation [17] . The pathological classification 

f the disease has ample evidence of changes in free radicals and 

OS with inflammation, malignant tumors, myocardial infarction, 

heumatism and neurodegenerative problems [18-23] . ROS can also 

romote lipid peroxidation, integrated restriction of mitochondrial 

espiratory complexes and inactivation of GAP-DH(glyceraldehydre- 

-phosphate dehydrogenase). Inhibition of Na + /K 

+ -ATPase activity, 

odium channel membrane inactivation and other oxidative mod- 

fication in proteins. Totally these impacts are probably to play 

n imperative part in stock pathophysiology, inflammation and is- 

hemia/reperfusion (I/R) injury [24] . 

The literature is flooded with reports variety of biological ac- 

ivities of α-, β- γ - and δ-carboline (pyrido-indole or indolo[3,2- 

]isoquinoline) analogues [25-29] . Among them, δ-carbolines are 

he least studied class of compounds as compared to their α-, β- 

nd γ - carboline analogues. Effective drugs have not been found 

et among these class of heterocycles. Nevertheless, a rather broad 

pectrum of biological activity has been reported for several com- 

ounds of δ-carbolines such as antibacterial [30] , antiplasmodial 

30] , anti-malarial [31] and potent cancer therapeuticals (SYUIQ- 

) [32] . In addition, tetracyclic isoquinolinone units fused with in- 

ole are established in the central structure of various effective 

ioactive compounds displaying antitumor [33] , cytotoxic [34] , an- 

icancer [35] , and DNA cleavage [36] . An insight into literature 

urvey showed that many hybridized α-, δ-carboline (indolo[2,3- 

]isoquinoline, indolo[3,2-c]isoquinoline) analogs demonstrate di- 

erse biological activities like bactericidal, fungicidal [37] , anti- 

ancer [38] , antineoplastic [39] , antitumor [40] , antihistaminic [41] , 

xytocic [ 42 , 43 ], analgesic and anti-inflammatory activities [44] . 

n recent years, applications of indolo[3,2-c]isoquinoline include 

evelopment of antimicrobial, antioxidant, anticancer and anti- 

B [45-47] properties from our laboratory. Based on this spec- 

lation with a broader outlook in medicine citations, this area 

as considered. These results encouraged to continue the research 

ork in the synthesis of biologically significant heterocyclic com- 

ounds, herein we have focused mainly synthesis of indolo[3,2- 

]isoquinoline ( δ-carboline) base hybrid analogs. All these com- 

ounds were screened for their in vitro antimicrobial, antioxidant 

nd anticancer activities. 

. Materials and methods 

.1. Chemistry 

Synthesis of marked compounds were accomplished as delin- 

ated in Scheme 1 . The starting material ethyl 8-fluoro-5-oxo-5 H - 

ndolo[3,2-c]isoquinoline-6(11 H )-carboxylate 1a were synthesized 

s per the procedure [42] . The compound 1a was subjected to N- 

ethylation with methyl iodide in dimethylformamide (DMF) us- 

ng potassium carbonate (K 2 CO 3 ) as base and as phase transfer 

atalyst tetra-n-butyl ammonium bromide (n-TBAB) was used to 

cquire 2a which has indicated a strong ingestion at 2954 cm 

−1 

elating to N–CH 3 . Assimilation at 1715 and 1657 cm 

−1 relates to 

arbonyl stretching. 1 H NMR spectrum of 2a has shown multiplets 

etween δ 6.9 and δ 8.2 (m, 7H, Ar-H) relating to fifteen aromatic 

rotons within the molecule. Peaks at δ 3.7 and δ 4.0 ppm are al- 

otted for the methyl protons respectively. 13 C NMR spectrum of 

a has shown a downfield signals at δ 165.2 and δ 154.5 peaks 

or two carbonyls by means of indolo[3,2-c]isoquinoline ring and δ
2 
9.6 and δ 14.3 incorporated for methyl carbons. The mass spec- 

rum of compound 2a has shown molecular ion peak at m / z 339 

M + H). The above spectral information confirms the arrange- 

ent of compound 2a . Spectral information of compounds 2b, 

c and 2d additionally upheld their structures. Further, the ester 

roup hydrolysis of compound 2a yielded 3a as key intermedi- 

te. A strong retention at 2985 cm 

−1 corresponds to indolo[3,2- 

]isoquinoline N–CH 3 . Assimilation at 1676 and 1638 cm 

−1 relates 

o C 

= O stretching respectively. The 1 H NMR spectrum of 3a which 

as displayed a singlet at δ 10.6 was assigned to hydroxyl group 

nd multiplets between δ 7.1 and δ 8.3 ppm corresponds to seven 

romatic protons present in the molecule. Methyl protons assigned 

eaks at δ 3.9 ppm. 13 C NMR spectrum of 3a manifested signals 

t δ 164.7 and δ 160.5 integrated for two symmetric carbonyls by 

he indolo[3,2-c]isoquinolinone ring and δ 36.6 signals for methyl 

arbon. The mass spectrum of compound 3a has shown molecu- 

ar ion peak at m / z 311 [M + H] + . An attempt to chloroethyl ester,

a obtained from 3a by cyclization with dichloroethane and anhy- 

rous K 2 CO 3 in acetone, the reaction was refluxed for 6 h. Within 

he IR spectrum of 4a absorption at 2962 cm 

−1 relates to (N–CH 3 ) 

n absorption at 1715 and 1657 cm 

−1 which corresponds to car- 

onyl stretch. The 1 H NMR spectrum of 4a has multiplets in the 

ange δ 7.0 and 8.3 ppm corresponds to seven aromatic protons 

resent in the molecule. Peaks at δ 4.9 and 4.6 were attributed 

o the protons of oxy-ethane and chloro-ethane, respectively. 13 C 

MR spectrum for 4a showed signals in a falling field at δ 164.7 

nd less deshielded peak at δ 160.8 integrated for the C 

= O, indolo 

3,2-c]isoquinolinone ring and δ 39.5 integrated for N-methyl car- 

on. The mass spectrum of compound 4a showed a peak of the 

olecular ion at m/z 420 [M 

+ + 2]. The spectral data presented 

onfirm the formation of compound 4a . Spectral data of the com- 

ounds 4c-4d confirm their structures. 

The compound 4a with substituted pyrimidine-2-thiol dry 

 2 CO 3 were introduced into DMF with stirring for 8–10 h to give 

a showing a strong absorption at 3154 cm 

−1 corresponding to 

H and absorption at 2984 cm 

−1 corresponds to N–CH 3 . Absorp- 

ions at 1715, 1657 and 1540 cm 

−1 correspond to C 

= O and C 

= N

tretching, respectively. Spectrum 

1 H NMR of 5a showed a singlet 

t δ 10.8 due to (s, 1H, OH) and multiplied peaks between δ 7.1–

.4 ppm (m, 8H, Ar-H) integrating for nineteen aromatic protons. 

 singlets at δ 3.9 and at δ 4.2 were for N–CH 3 and S-CH 2 for 

he protons. 13 C NMR spectrum of 5a has showed a downfield sig- 

als at δ 161.5, 161.0 for C 

= O carbon for indolo[3,2-c]isoquinoline 

ing and a less shielded peak at δ 159.8 and δ 154.8 integrated for 

he C 

= N of the pyrimidine ring. The field signals at δ 65.4, 39.9, 

6.4 and δ 14.4 correspond to the two carbons CH 2 , N–CH 3 and 

H 3 carbons of pyrimidine and indolo[3,2-c]isoquinoline rings re- 

pectively. The mass spectrum of compound 5a showed a peak of 

olecular ion at m/z 479 [M + H] + which corresponds to its molec- 

lar weight. 

Finally, the compound 6a was synthesized by condensation 

f the carboxylic acid key intermediate 3a with appropriate 

mines (aryl-substituted-piperazines) in presence of 1-ethyl-3-(3- 

imethylaminopropyl) carbodiimidehydrochloride and hydroxyben- 

otriazole after stirring and reflux for 6h to obtained 6a . The IR 

pectrum of 6a has shown a strong absorption at 2959 cm 

−1 corre- 

ponding to N–CH 3 and absorption at 1715, 1657 cm 

−1 corresponds 

o carbonyl stretching. 1 H NMR spectrum of 6a showed singles for 

our carbon atoms (piperazine ring) at δ 5.3–4.2(m, 8H, CH 2 ), sin- 

let at δ 3.9 which was assigned for N–CH 3 proton. The multiplets 

t δ 7.1–8.3 ppm range, corresponded to eleven aromatic protons 

n the molecule. 13 C NMR spectrum of 6a has displayed a down- 

eld signals at δ 164.7 and δ 160.4 for carbonyl carbon. Upfield 

ignals at range δ 40.5–39.8 ppm and δ 37.6 were integrated for 

iperazine ring and N–CH 3 carbons. The mass spectrum of com- 

ound 6a has shown molecular ion peak at m/z 473 [M + H] + .
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Scheme 1. Synthesis of indolo[3,2-c]isoquinoline base hybrid analogs 1-4(a-d) and 5,6 (a-h) . 
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Table 1 

Anti-bacterial and anti-fungal activities of compounds 2-4 ( a-d ) and 5, 6 ( a-h ). 

MIC μg/mL 

Bacteria Fungi 

Comps Ec Kp Sa Bs An Ao Ca Pc 

2a 3.12 3.12 75 25 12.5 25 25 75 

2b 12.5 75 50 25 100 100 100 100 

2c 25 50 25 100 100 100 100 100 

2d 100 100 50 50 75 12.5 25 25 

3a 1.5 1.5 25 12.5 3.12 25 25 100 

3b 50 75 25 6.25 12.5 12.5 25 75 

3c 25 100 6.25 100 25 75 ND ND 

3d 50 25 12.5 12.5 12.5 50 25 ND 

4a 1.5 1.5 6.25 12.5 1.5 1.5 1.5 1.5 

4b 6.25 25 50 50 3.12 3.12 50 12.5 

4c 75 100 12.5 3.12 12.5 12.5 ND 75 

4d 3.12 6.25 3.12 12.5 25 75 25 12.5 

5a 6.25 12.5 25 100 1.5 1.5 1.5 1.5 

5b 25 3.12 1.5 1.5 3.12 6.25 50 25 

5c 50 25 12.5 25 12.5 12.5 25 75 

5d 12.5 12.5 12.5 6.25 25 75 100 6.25 

5e 100 75 75 75 25 25 1.5 1.5 

5f 1.5 1.5 25 6.25 6.25 12.5 3.12 3.12 

5g 75 100 6.25 3.12 12.5 25 25 100 

5h 75 100 12.5 100 12.5 25 25 75 

6a 3.12 12.5 6.25 100 1.5 1.5 1.5 1.5 

6b 12.5 6.25 100 25 3.12 6.25 12.5 3.12 

6c 25 25 3.12 ND 50 75 25 12.5 

6d 25 25 25 50 1.5 1.5 75 100 

6e 3.12 12.5 50 75 12.5 25 12.5 50 

6f 25 3.12 1.5 1.5 12.5 6.25 50 75 

6g 25 50 1.5 1.5 50 75 25 3.12 

6h ND 50 25 25 25 100 75 100 

Ciprofloxan 1.5 1.5 3.12 1.5 - - - - 

Fluconazole - - - - 1.5 3.12 1.5 3.12 

DMSO - - - - - - - - 

Ec-Eshericha coli , Kp-Klebsiella pneumonia , Sa-Staphylococcus aureus , Bs-Bacillus sub- 

tilis , An-Aspergillus niger , Ao-Aspergillus oryzae , Ca-Candidia albicans , Pc-Pencillium 

chysogenum . ND-Not determined, MIC- Low concentration of drug, which com- 

pletely inhibits the growth of bacteria and fungi. Ciprofloxan and fluconazole were 

used as reference drugs for anti-bacterial and anti-fungal activities, MIC values 

given in brackets. ( −) did not show antimicrobial activity. 
he above spectral data supports the formation of compound 6a . 

pectral data of compounds 6b-6h also confirm their structures. 

eactions were scrutinized by thin layer chromatography using sil- 

ca gel-G coated aluminium plates (Merck). All synthesized com- 

ounds were characterized by spectrophotometric (IR, NMR 

1 H and 

3 C), mass spectra, elemental analysis was calculated (Anal. Calcd) 

nd 

1 H, 13 C NMR are given in supplementary information. 

. Results and discussion 

.1. Antimicrobial activity 

The development and unfolding of antimicrobial resistance has 

ecome foremost serious concern across the globally with refer- 

nce to public health. Antimicrobial resistance is flexibility to inac- 

ivate, exclude or block the inhibitory or lethal mechanism of the 

ntimicrobial agents by microbes [48] . Electron-rich heteroatoms 

uch as nitrogen, sulfur, halogen heterocycles have a essential role 

n diverse medicinal chemistry [49] . The synthesized compounds 

ere investigated in vitro for antimicrobial activity against four 

trains for bacterial included Escherichia coli, Klebsiella pneumoniae 

Gram-negative), Staphylococcus aureus and Bacillus subtilis (Gram- 

ositive) and Aspergillus niger, Aspergillus oryzae, Candida albicans 

nd Pencillium chrysogenum for fungal, by broth dilution method 

50-52] . The minimal inhibitory concentrations (MIC) that hindered 

he development of the tried microorganisms for bactericidal and 

ungicidal activities had been observed. Ciprofloxan and flucona- 

ole were chosen as reference drugs for antibacterial and antifun- 

al activities, respectively and results are summarized in Table 1 . 

Based on the initial microbiological concept, it was found that 

he antibacterial activity of all compounds against pathogenic bac- 

eria was moderately good, except for compounds with fluoro, hy- 

rogen substitutes into in the indolo[3,2-c]isoquinoline. For pyrim- 

dine rings of compounds 3a , 4a and 5e good activity was observed 

gainst E. coli and K. pneumonia . Establishment of OCH 3 , CH 3 at 

arious para positions in combinations of indolo[3,2-c]isoquinoline, 

yrimidine and piperizine systems like compounds like 5b , 6f and 

g exhibited a higher antibacterial activity against S. aureus and 

. subtilis . For antifungal activity, Compounds with fluorine and 

ethyl substitutes (-F-indolo[3,2-c]isoquinoline, -CH -pyrimidine 
3 

3 
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nd -F-piperazine rings), i.e 4a , 5a and 6a were excellent against A. 

iger, A. oryzae, C. albicans and P. chrysogenum irrespective of con- 

entration taken. If only the fluoro substitute 5e was included in 

he indolo[3,2-c]isoquinoline ring, the activity improved and pos- 

essed very good activity against C. albicans and P. chrysogenum . A 

imilar activity was observed in compound 6d against A. niger and 

. Oryzae. Other compounds presented moderate to least activity 

gainst the tested fungi. 

With regard to structural activity relationship, the presenta- 

ion of molecule atom rather than the methyl, methoxy groups 

t the para position of the indolo[3,2-c]isoquinoline, pyrimidine 

nd piperizine rings was exclusively dependable for expanding in 

ram-negative bacteria and antifungal activities. Similarly, replac- 

ng of fluorine group by methyl, methoxy groups affected the ac- 

ivity in gram positive bacteria. It has been found that the intro- 

uction of electron-withdrawing group significantly enhances the 

ntibacterial (Gram-negative) and antifungal activities of the titled 

ompounds. Presentation of electron donating methyl and methoxy 

roups showed a great potential against Gram-positive bacteria. 

AR considers that presence of electron withdrawing and electron 

onating on indolo[3,2-c]isoquinoline, pyrimidine and piperizine 

ing systems intensified the antimicrobial activities. 

.2. Antioxidant activities 

Increased free radicals in the body have been involved in harm- 

ng human life [ 53 , 54 ]. Antioxidant agent properties are significant 

n checking the injurious impacts on nourishments and biologi- 

al systems by free radicals [55] . All the synthesized compounds 

ere evaluated for their in vitro antioxidant activity by DPPH and 

etal-Chelating Activity (Fe 2 + ) methods. The values of the effective 

oncentration at which half of the radicals were scavenged (IC 50 ) 

ere tried for antioxidant activities. A lower IC 50 value suggests 

reater antioxidant activity and IC 50 values of μg/mL usually indi- 

ated best antioxidant properties. 

.3. 1, 1-Diphenyl-2-picryl hydrazyl (DPPH) radical scavenging 

ctivity (RSA) 

Antioxidants scavenge free radicals by donating DPPH electrons 

56] . DPPH, a static free radical, has an odd electron and there- 

ore has a tough retention at 517 nm. As electron gets combined 

ff to saturation, the consumption diminishes stoichiometrically in 

erms of the number of absorbing electrons or hydrogen particles. 

his reaction is significantly embraced to examine the ability of 

olecules as free radical scavengers. We evaluated the scaveng- 

ng powers of synthetic compounds on DPPH radical. The effects 

ere in contrast with the standards 2-ter-butyl-4-methoxy phenol 

butylated hydroxyl anisole, BHA). All the examined compounds 

howed a decrease in the activity of the absorption of free radi- 

als, when, in contrast to BHT (IC 50 , 5.77 ± 0.76 μg/mL). Conse- 

uences of free radical scavenging activity in percentage and IC 50 

re shown summarized in Table 2 . The consolidation of various 

eteroatoms into indolo[3,2-c]isoquinoline framework showed ex- 

ansive range of results. In the tested analogs, it was found that 

ompound 5c has a strong to RSA (73.25 ± 1.02, 76.68 ± 1.25, 

8.86 ± 1.57 and 82.78 ± 0.32%) at 25, 50, 75, 100 μg/mL con- 

entration respectively with IC 50 values 5.78 ± 0.35 μg/mL. Com- 

ounds 5d (IC 50 , 7.10 ± 0.99 μg/mL), 5g (IC 50 , 7.88 ± 0.93 μg/mL) 

nd 6h (IC 50 , 6.96 ± 0.79 μg/mL) exhibited good RSA. The mini- 

um RSA activity was shown for compound 4a with IC 50 which is 

.97 ± 0.24 μg/mL. The accelerated undertaking ( 5c , 5g and 6h ) 

ay be due to the presence of methyl and hydrogen substitutes in 

he para position of the indolo[3,2-c]isoquinoline and pyrimidine 

ings. Conversely, fluorine substituting indolo[3,2-c]isoquinoline 
4 
ystems 3a , 4a , 5a and 6a exhibited minimal activity as compared 

o standard. 

.4. Ferrous (Fe 2 + ) ion metal chelating activity 

Ferrous ion is one of the types of metal ions. Deficiency of fer- 

ous ions protects the oxygen-related reaction and from lipid gen- 

ration. Ferrous ion chelators evacuate ferrous ion (Fe 2 + ) that will 

ake part in generation of hydroxyl radical. The chelating impact 

f ferrous ion on synthesized compounds was resolved and results 

ere contrasted with BHA as standard as mentioned in the method 

f Dinis et al. [57] . 

In this strategy, ferrozine can quantitatively form the ferrous 

on complex. The chelating agents disrupt the complex system 

eading to a decrease in redness of the complex. Therefore, the 

valuation of the colour reduction indicates chelation activity of 

he metals of coexisting chelators. Low retention points out high 

etal chelation activity. In the study, synthetic compounds hin- 

ered the development of ferrous and ferrozine complex. It is cap- 

ivating to note that the compound 5c exhibited excellence ac- 

ivity at 25, 50, 75 and 100 μg/mL, concentrations with IC 50 val- 

es of 4.06 ± 0.31 μg/mL and showed a greater metal chelat- 

ng effect than BHT (IC 50 , 4.79 ± 0.91 μg/mL). Interestingly, com- 

ound 5g , was exhibiting promising metal chelating activity at 

C 50 values 5.67 ± 0.27. Some of the remaining compounds were 

oderately active and some less active. Screening indicated that 

ll the synthesized indolo[3,2-c]isoquinoline analogues were ac- 

ive metal chelaters, with fluctuating degrees of potency by ‘CH 3 ’ 

nd ‘H’ replacements on indolo[3,2-c]isoquinoline and pyrimidine 

ings improve the action. The results obviously imply, the consoli- 

ation of methyl and hydrogen substituted at para position in the 

ndolo[3,2-c]isoquinoline and pyrimidine rings may assume a sig- 

ificant role to act as a superior metal chelating activity antioxi- 

ant agent. The results are displayed in Table 3 . Structure activity 

elationship (SAR) has shown noteworthy RSA and metal chelat- 

ng activity of the analogs with replacement or substitution on 

he aromatic rings of indoloisoquinoline, pyrimidine and piper- 

zine with the CH 3 group. Compounds 5c , 5b , 5g and 6h with

lectron-donating group methyl group at the para-position were 

etter antioxidants than electron retreating fluorine moiety due to 

nhanced stability of the radical and metal chelating activities. 

.5. Cytotoxic activity 

The cytotoxic activities of newly synthesized compounds 3- 

(a-d) and 5,6(a-h) were assessed by an in vitro assay carried 

ut against four human tumor cell lines, e.g. MCF-7 (breast), 

549 (lung), HeLa (cervical) and Panc-1 (pancreas) using 3- 

4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT) 

58] with doxorubicin as positive reference. The results are pre- 

ented in Table 4 . Among these analogue compounds 5e MCF- 

(IC 50 , 0.90 ± 0.17 μM), A-549 (IC 50, 0.81 ± 0.80 μM), HeLa (IC 50, 

.8 ± 0.54 μM) and Panc-1(IC 50, 1.24 ± 0.90 μM) and compound 

d MCF-7 (IC 50 0.79 ± 0.50 μM), A-549(IC 50, 1.8 ± 1.29 μM), HeLa 

1.5 ± 0.35 μM) Panc-1(IC 50 1.12 ± 0.58 μM) both were effective 

ytotoxic against all cancer cell lines than the drug. Compound 6a 

gainst all the four cell lines MCF-7(IC 50 , 1.3 ± 0.92 μM), A-549 

IC 50 , 1.6 ± 0.60 μM), HeLa (IC 50 , 1.6 ± 0.14 μM) and Panc-1(IC 50 ,

.7 ± 0.91 μM). 3a against Panc-1 (IC 50 , 1.9 ± 1.20 μM), 4a against 

CF-7(IC 50 1.8 ± 0.51 μM), A-549(IC 50, 1.9 ± 0.81 μM). 6b against 

-549 (IC 50 , 1.01 ± 0.29 μM). Panc-1(IC 50 , 1.0 ± 0.72 μM) and 6e 

gainst MCF-7 (IC 50 , 1.91 ± 0.20), HeLa (IC 50 , 1.8 ± 0.90 μM) have 

hown good cytotoxicity. Of the rest, the compounds have mild to 

oderate processes and no performance against all the four cell 

ines. Structure activity relationship results reveal that indolo[3,2- 

]isoquinoline, pyrimidine and piperazine rings with electron- 



V.A. Verma, A.R. Saundane, R.S. Meti et al. Journal of Molecular Structure 1229 (2021) 129829 

Table 2 

DPPH activity of synthesized compounds. 

Comps Concentrations (μg/mL) 

25 50 75 100 IC 50 

3a 32.65 ± 0.26 45.78 ± 1.18 57.75 ± .0.21 60.02 ± 0.78 9.05 + 0.86 

3b 30.62 ± 0.53 50.12 ± 1.17 53.52 ± 0.51 58.35 ± 0.79 9.32 ± 0.92 

3c 35.12 ± 1.47 54.56 ± 1.18 63.45 ± 1.18 64.23 ± .1.09 8.57 ± 0.79 

3d 43.25 ± 0.71 52.63 ± 1.06 62.13 ± 1.02 61.18 ± 1.62 8.45 ± 0.65 

4a 40.89 ± 1.12 65.02 ± 1.24 68.86 ± 1.17 70.05 ± 1.98 9.97 ± 0.24 

4b 35.32 ± 1.43 36.55 ± 0.84 50.45 ± 1.01 52.85 ± 1.03 8.50 ± 0.54 

4c 30.36 ± 1.01 52.42 ± 1.27 55.82 ± 1.18 64.46 ± 1.25 9.23 ± 0.49 

4d 35.21 ± 0.41 42.18 ± 1.02 54.05 ± 1.65 59.28 ± 1.86 8.34 ± 0.69 

5a 38.67 ± 0.51 50.21 ± 0.25 51.65 ± 1.25 62.13 ± 1.33 8.01 ± 0.88 

5b 40.12 ± 0.74 48.56 ± 0.61 60.18 ± 0.69 66.54 ± 1.47 9.44 ± 0.82 

5c 73.25 ± 1.02 76.68 ± 1.25 88.42 ± 1.57 82.78 ± 0.32 5.78 ± 0.35 

5d 67.12 ± 1.22 79.02 ± 1.07 80.92 ± 0.25 81.59 ± 1.02 7.10 ± 0.99 

5e 36.42 ± 0.91 49.48 ± 0.24 50.92 ± 0.94 62.25 ± 1.21 8.13 ± 0.24 

5f 34.47 ± 1.01 50.32 ± .0.68 59.15 ± 0.87 58.55 ± 1.08 9.41 ± 0.27 

5g 52.89 ± 1.04 62.14 ± 1.15 74.91 ± 0.61 80.72 ± 0.97 7.88 ± 0.93 

5h 57.47 ± 1.54 62.52 ± 1.54 69.24 ± 1.05 78.64 ± 1.38 8.61 ± 0.19 

6a 39.28 ± 0.57 56.02 ± 0.84 69.86 ± 1.29 72.05 ± 1.43 8.71 ± 0.37 

6b 46.68 ± 0.24 50.02 ± 1.37 57.71 ± 1.71 58.59 ± 1.87 8.93 ± 0.22 

6c 35.12 ± 1.03 43.56 ± 1.44 59.18 ± 1.05 62.34 ± 1.97 8.03 ± 0.78 

6d 38.28 ± 1.24 48.19 ± 1.02 56.82 ± 0.50 62.12 ± 1.26 8.96 ± 0.29 

6e 35.35 ± 1.07 47.25 ± 1.25 56.82 ± 1.04 65.25 ± 1.03 8.13 ± 0.68 

6f 41.42 ± .0.14 55.48 ± 0.85 53.92 ± 1.38 61.01 ± 1.05 9.19 ± 0.57 

6g 70.68 ± 0.72 79.78 ± 1.00 80.86 ± 0.25 82.88 ± 0.80 6.96 ± 0.79 

6h 42.12 ± 0.54 58.96 ± 0.97 66.19 ± 0.85 68.94 ± 0.83 9.46 ± 0.94 

BHA 70.47 ± 0.28 85.52 ± 0.68 90.51 ± 0.04 92.64 ± 0.84 5.77 ± 0.76 

Table 3 

Ferrous (Fe 2 + ) ion chelating activity of synthesized compounds. 

Comps Concentrations (μg/mL) 

25 50 75 100 IC 50 

3a 45.21 ± 0.20 52.47 ± 0.56 60.12 ± 0.65 61.42 ± 1.02 8.45 ± 0.80 

3b 40.55 ± 1.14 49.82 ± 1.45 66.74 ± 0.57 70.59 ± 1.05 9.13 ± 0.70 

3c 46.12 ± 0.58 55.35 ± 0.85 66.49 ± 0.67 69.62 ± 1.91 8.64 ± 0.22 

3d 49.98 ± 1.24 58.99 ± 1.06 64.25 ± 1.45 71.58 ± 0.40 8.09 ± 0.17 

4a 52.73 ± 0.51 61.78 ± 1.21 70.54 ± 1.36 72.79 ± 0.75 7.90 ± 0.11 

4b 45.98 ± 0.84 55.85 ± 0.87 63.85 ± 1.25 68.58 ± 1.12 8.54 ± 0.65 

4c 65.02 ± 0.12 68.57 ± 1.12 79.45 ± 0.76 80.35 ± 0.91 9.35 ± 0.61 

4d 40.63 ± 1.01 51.36 ± 0.58 60.58 ± 1.07 65.84 ± 1.01 9.00 ± 0.07 

5a 46.55 ± 0.25 50.72 ± 10.2 59.85 ± 0.91 60.54 ± 0.67 8.55 ± 0.80 

5b 45.21 ± 1.24 52.47 ± 1.17 60.12 ± 1.32 61.42 ± 1.18 8.45 ± 0.80 

5c 60.71 ± 1.25 64.28 ± 0.84 70.98 ± 1.18 76.84 ± 1.49 8.92 ± 0.47 

5d 81.41 ± 0.17 89.14 ± 1.27 91.32 ± 1.01 92.42 ± 1.34 4.06 ± 0.31 

5e 36.48 ± 1.02 57.35 ± 1.20 60.99 ± 1.24 68.62 ± 1.71 8.49 ± 0.79 

5f 45.98 ± 1.31 55.89 ± 1.27 62.25 ± 1.37 68.58 ± 1.32 8.56 ± 0.08 

5g 78.52 ± 0.24 79.57 ± 1.65 84.75 ± 1.02 90.42 ± 0.64 5.67 ± 0.27 

5h 47.55 ± 0.21 58.12 ± 1.11 61.85 ± 1.22 68.98 ± 1.58 8.22 ± 0.43 

6a 45.98 ± 1.03 52.19 ± 1.23 63.25 ± 1.15 67.58 ± 0.69 8.68 ± 0.12 

6b 45.21 ± 1.2 52.47 ± 1.11 60.12 ± 1.57 61.42 ± 1.25 8.45 ± 0.80 

6c 60.02 ± 1.14 55.57 ± 0.87 63.45 ± 1.36 60.35 ± 0.92 8.55 ± 0.43 

6d 46.12 ± 1.03 55.35 ± 1.94 66.49 ± 1.79 69.62 ± 1.74 8.64 ± 0.22 

6e 40.55 ± 1.10 62.82 ± 0.37 69.74 ± 1.92 70.59 ± 1.09 7.39 ± 0.57 

6f 52.73 ± 0.90 61.78 ± 1.07 70.54 ± 1.47 72.79 ± 1.57 8.09 ± 0.17 

6g 45.98 ± 1.25 55.85 ± 1.54 63.85 ± 0.73 68.58 ± 1.36 8.54 ± 0.65 

6h 49.98 ± 0.54 58.99 ± 1.36 64.25 ± 0.94 71.58 ± 0.94 7.90 ± 0.11 

BHA 80.01 ± 0.02 86.52 ± 0.12 91.24 ± 0.84 92.01 ± 0.61 4.79 ± 0.91 
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ithdrawing substitution exhibit significantly stronger cytotoxicity 

gainst all the four cell lines. Alternative compounds such as ‘para- 

uorine’ and ‘para- hydrogen’ replacement has demonstrated few 

nclination to improve the activity than compared with para-CH 3 

nd para-OCH 3 substituted indolo[3,2-c]isoquinoline analogues. 

.6. Anti-TB activity by MHB method 

The in vitro anti-tuberculosis activity (anti-TB) was decided by 

he broth microtiter dilution method [59] against H37Rv strain M. 

uberculosis (ATCC 27294). Further, minimum inhibition concen- 

rations (MICs) with rifampicin as the standard drug was deter- 
5 
ined. All tested compounds illustrated great to excellent anti- 

uberculosis activity. Compounds 8-Methoxy-6-{[4-(4-fluorophenyl) 

iperazin-1-yl]oxomethyl}-11-methyl-6 H -indolo[3,2-c]isoquinolin- 

(11 H )-one ( 6b ) and 8-Fluoro-6-{[4-(4-methoxyphenyl)piperazin- 

-yl]oxomethyl}-11-methyl-6H-indolo[3,2-c]isoquinolin-5(11H)-one 

 6e ) showed intense activity indicating MIC value of 1.0 mg/L 

gainst M. tuberculosis . Compounds 6b and 6e having fluorine and 

ethoxy groups substitutions R and R 2 at alternate para positions 

n the indolo[3,2-c]isoquinoline and piperazine rings indicated 

nhibitory impacts similar to the positive drugs, however less 

ynamic than rifampicin. The remaining synthesized compounds 

ppeared to show moderate activity (MIC range 4–128 mg/L). 
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Table 4 

In vitro cytotoxicity assay data activity of compounds 3-4 ( a-d ) and 5 , 6 ( a-h ). 

IC 50 (μM) a 

Comps R R 1 R 2 MCF-7 A-549 HeLa Panc-1 

3a F - - 2.1 ± 0.41 6.7 ± 1.05 6.4 ± 1.06 1.9 ± 1.20 

3b MeO - - 4.4 ± 2.14 6.1 ± 1.15 6.9 ± 1.71 5.9 ± 2.40 

3c Me - - 5.3 ± 1.02 6.6 ± 1.16 4.1 ± 1.03 4.6 ± 1.20 

3d H - - 9.1 ± 1.07 7.3 ± 2.01 6.2 ± 1.47 7.7 ± 1.50 

4a F - - 1.8 ± 0.51 1.9 ± 0.81 5.9 ± 1.7 4.9 ± 2.40 

4b MeO - - 9.1 ± 2.01 7.3 ± 2.21 6.2 ± 2.47 7.7 ± 0.05 

4c Me - - 8.4 ± 1.04 8.4 ± 2.11 9.9 ± 2.07 7.2 ± 1.50 

4d H - - 7.6 ± 2.17 7.9 ± 1.06 6.5 ± 2.04 7.4 ± 1.25 

5a F Me - 2.9 ± 1.17 10.9 ± 1.19 1.5 ± 0.51 9.4 ± 2.21 

5b MeO Me - 3.9 ± 1.10 2.3 ± 1.01 2.7 ± 1.04 2.5 ± 2.05 

5c Me Me - 6.3 ± 2.04 8.1 ± 1.25 7.2v1.07 6.1 ± 2.04 

5d H Me - 5.9 ± 3.00 6.1 ± 2.24 10.5 ± 1.05 9.7 ± 2.11 

5e F H - 0.90 ± 0.17 0.81 ± 0.80 0.8 ± 0.54 1.24 ± 0.90 

5f MeO H - 3.5 ± 0.73 5.0 ± 1.90 3.5 ± 1.14 5.5 ± 2.50 

5g Me H - 6.52 ± 0.45 4.9 ± 0.52 10.2 ± 1.14 8.91 ± 0.20 

5h H H - 4.4 ± 1.90 3.8 ± 0.57 4.7 ± 1.19 5.7 ± 1.60 

6a F - 4-FPh 1.3 ± 0.92 1.6 ± 0.60 1.6 ± 0.14 1.7 ± 0.91 

6b MeO - 4-FPh 4.1 ± 2.70 1.01 ± 0.29 7.6 ± 0.80 1.0 ± 0.72 

6c Me - 4-FPh 4.7 ± 1.14 4.70 ± 0.66 6.45 ± 2.73 5.4 ± 1.12 

6d H - 4-FPh 0.79 ± 0.50 1.8 ± 1.29 1.5 ± 0.35 1.12 ± 0.58 

6e F - 4- MeOPh 1.91 ± 0.20 15.7 ± 0.50 1.8 ± 0.90 10.5 ± 0.22 

6f MeO - 4-MeOPh 7.2 ± 1.35 11.4 ± 1.20 10.5 ± 1.81 9.7 ± 2.11 

6g Me - 4-MeOPh 8.6 ± 1.32 9.9 ± 1.24 10.1 ± 1.42 9.4 ± 1.09 

6h H - 4-MeOPh 3.6 ± 1.54 7.9 ± 2.19 8.1 ± 1.05 6.4 ± 1.05 

Doxorubicin - 0.92 ± 0.50 1.02 ± 0.80 1.02 ± 0.72 1.41 ± 0.58 

a IC 50 values are indicated as mean ± SD of three independent tests. 
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Table 5 

Anti-tuberculosis activity of synthesized compounds against M. 

tuberculosis by MHB method. 

MIC a 

Comps Mg/L μM 

3a > 128 353.9 

3b 64 66.2 

3c > 128 344.8 

3d > 128 336.5 

4a > 128 359.8 

4b 64 63.5 

4c > 128 322.1 

4d 128 298.5 

5a 4 11.2 

5b 4 13.7 

5c 8 20.8 

5d 64 54.8 

5e 4 12.8 

5f 4 13.2 

5g 8 21.2 

5h 16 53.7 

6a 2 5.9 

6b 1 2.6 

6c 4 12.6 

6d 8 20.6 

6e 1 2.9 

6f 4 14.5 

6g 8 21.6 

6h 16 58.4 

Rifampicin 0.125 - 

a Minimum inhibition concentration (MIC) against H37Rv 

strain M. tuberculosis (ATCC 27294). 
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From the consequences of anti-tuberculosis examination, it is 

lear that introduction of substituents ‘CH 3 ’ and ‘H’ on indolo[3,2- 

]isoquinoline and piperazine rings as in 6c , 6d , 6g and 6h 

ere less dynamic. Structure activity relationships make the im- 

acts of the replacement designs on the indolo[3,2-c]isoquinoline 

nd piperazine with ‘F’ and ‘OCH 3’ substitutes scaffolds clear. 

he lipophilicity of compounds decide the effectiveness of anti- 

uberculosis activity. The result are presented in Table 5 . 

.7. Drug likeness profile 

For preliminary confirmation of the physio-chemical properties, 

DMET and drug likeness for molecules is crucial in their under- 

ying distinctive proof as a synthetic lead and establishes a bench- 

ark, against which incorporated compounds were measured amid 

ead advancement. Stages of Absorption, Distribution, Metabolism, 

xcretion of the ligand molecules were screened using SwissADME 

oftware [60] . This investigation aims mainly to approximate the 

harmacokinetics profile of the examined compounds intrigued. 

he drug likeness profiles of newly synthesized compounds were 

redicted and ADMET properties are illustrated in Table 6 . 

.8. Molecular docking results 

Molecular docking tool aids in recognizing novel drug-like com- 

ounds that display high binding affinity with specific targets and 

ational ADMET characters. Docking is the most widespread pro- 

ram for specification of protein–ligand interactions. Docking re- 

ults bought for every ligand with the receptors had been scruti- 

ized aside from docking energy and binding modes, interaction of 

very ligand with the functional residues of PDBs. 

The receptor: 6LZE (Resolution: 1.50 Å) and 6XFN (Resolution: 

.70 Å) the crystal structure of COVID-19 and SARS-CoV-2 (COVID- 

9) main proteases. Among the synthesized compounds 5a and 6b 

nteracted commendably with PDB: 6LZE. Whereas, compounds 4d , 

b and 6f showed the highest conventional hydrogen bonding in- 

eractions with 6XFN. 
6 
Detailed interactions between ligands and 6LZE: The interac- 

ion of 6LZE and ligand 5a with various amino acids present in 

he binding pockets of receptor is expressed in Fig. 1 . It was seen

hat compound 5a of indolo[3,2-c]isoquinoline carboxyl and ac- 

tate (oxygen atom) with NH-imidazole of His41 protease appeared 

o display two conventional hydrogen interaction at bond distance 

.79 and 2.97 Å. Furthermore, binding affinity of the sulphur atom 
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Table 6 

Molecular properties of compounds 3-4(a-d) and 5-6(a-h) . 

Comp. MW cLogp FC TPSA MR NHA NHD NRB NV5R 

3a 310.28 2.84 0.06 64.23 85.85 4 1 1 0 

3b 322.31 1.88 0.11 73.46 92.39 4 1 2 0 

3c 306.32 2.69 0.11 64.23 90.86 3 1 1 0 

3d 292.29 2.72 0.06 64.23 85.89 3 1 1 0 

4a 372.78 3.53 0.16 53.23 99.78 4 0 4 0 

4b 384.81 2.56 0.20 62.46 106.31 4 0 5 0 

4c 368.81 3.38 0.20 53.23 104.78 3 0 4 0 

4d 354.79 3.42 0.16 53.23 99.82 3 0 4 0 

5a 466.48 3.67 0.22 123.48 135.28 7 1 5 1 

5b 478.52 2.33 0.25 132.71 141.81 7 1 6 2 

5c 462.52 3.51 0.25 123.48 140.29 6 1 5 1 

5d 448.49 3.30 0.22 123.48 135.32 6 1 5 1 

5e 452.46 3.05 0.18 123.48 130.47 7 1 5 1 

5f 464.49 2.12 0.22 132.71 137.01 7 1 6 2 

5g 448.49 2.89 0.22 123.48 135.48 6 1 5 1 

5h 434.47 2.95 0.18 123.48 130.51 6 1 5 1 

6a 472.49 4.62 0.19 50.48 140.02 4 0 3 2 

6b 484.52 3.65 0.21 59.71 146.55 4 0 4 2 

6c 468.52 4.45 0.21 50.48 145.03 3 0 3 2 

6d 454.50 4.25 0.19 50.48 140.06 3 0 0 2 

6e 484.52 4.32 0.21 59.71 146.55 4 0 4 3 

6f 496.56 3.63 0.24 68.94 153.09 4 0 5 2 

6g 480.56 4.15 0.24 59.71 151.56 3 0 4 1 

6h 466.53 3.95 0.21 59.71 146.60 3 0 4 1 

MW: molecular weight (g/mol); cLogp; Calculated octanol/water partition Coefficient; FC: Frac- 

tion Csp 3 TPSA: Topological Polar Surface Area; MR: Molar Refractivity; NHA: Number of Hy- 

drogen Acceptor; NHD: Number of Hydrogen Donor; NRB: Number of Rotatable Bonds; NV: 

Number of Violation of 5 Rules. 

Fig. 1. Docked poses of compound 5a (stick figure) with COVID-19 main protease (PDB ID: 6LZE) (A) Protein backbone-ligand interactions; (B) Docked pose of ligand 5a 

(colour code for ligand: Black-C: White-H; Red-O; Blue-N) conventional hydrogen bonding interactions shown as dashed lines (Green) with 6LZE; (C) Lingard 5a with 6LZE 

(hydrophobicity surface) at the active binding site; (D) 2D view of interaction type of ligand 5a with surrounding amino acids of 6LZE. (For interpretation of the references 

to colour in this figure legend, the reader is referred to the web version of this article.) 
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f 5a with OH group of Thr25 (2.99 Å) and OH group of pyrim-

dine ring of ligand with Thr26 (2.41 Å) carbonyl, where conven- 

ional hydrogen bonding was noticed. The N–CH 3 and pyrimidine 

ere involved in carbon- hydrogen bonding with receptors Asn142 

2.41 Å) and Gln189 (2.59 Å). In addition to hydrophobic inter- 

ctions, such as Pi-Alkyl (Met165) and Pi-Sulphur (Cys44, Met49) 

ere found with ligand 5a . 

The docking of ligand 6e was performed with (COVID-19 main 

rotease) in complex with a binding interaction of ligand 6e with 
7 
LZE main protease of COVID-19 which revealed that indolo[3,2- 

]isoquinoline carbonyl (C 

= O) with NH of Glu166 (2.53 Å) receptor 

orm conventional hydrogen bond interaction. Additionally, OCH 3 

R 2 ) of pyrimidine ring showed conventional hydrogen bond inter- 

ction with amino group (NH 2 ) of Gln186 at bond distance 2.17 Å. 

he receptors Cys4 4, His4 4 of carbonyl groups halogen bound with 

orine atom at distance 3.03 and 3.08 Å. While carbon-hydrogen 

nteraction (non-classic) with Thr190, the hydrophobic interactions 

f the ligand in the binding pocket such as Pi-Alkyl (His41, Pro168), 
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Fig. 2. Docked poses of compound 6b (stick figure) with COVID-19 main protease (PDB ID: 6LZE) (A) Protein backbone-ligand interactions; (B) Docked pose of ligand 6b 

(colour code for ligand: Black-C: White-H; Red-O; Blue-N) conventional hydrogen bonding interactions shown as dashed lines (Green) with 6LZE; (C) Lingard 6b with 6LZE 

(hydrophobicity surface) at the active binding site; (D) 2D view of interaction type of ligand 6b with surrounding amino acids of 6LZE. (For interpretation of the references 

to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 3. Docked poses of compound 4d (stick figure) with SARS-CoV-2 (COVID-19) main protease (PDB ID: 6XFN) (A) Protein backbone-ligand interactions; (B) Docked pose 

of ligand 4d (colour code for ligand: Black-C: White-H; Red-O; Blue-N) conventional hydrogen bonding interactions shown as dashed lines (Green) with 6XFN; (C) Lingard 

4d with 6XFN (hydrophobicity surface) at the active binding site; (D) 2D view of interaction type of ligand 4d with surrounding amino acids of 6XFN. (For interpretation of 

the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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lkyl (Pro168) and Pi-Sigma (Glu166) were identified. The docked 

tructure presented in Fig. 2 . 

Detailed interactions between ligands and 6XFN: The carboxyl 

roups (C 

= O) of indolo[3,2-c]isoquinoline ring and ester of the 

ompound 4d forms five conventional hydrogen bond with the 

ide chain residue of three amino acids namely Cys145, Gly143 

nd Ser144. Two bonds are formed by SH group of Cys145 (bond 

istance = 2.38 and 2,56 Å), anther NH group of Gly143(2.01 Å 

nd 2.05 Å), one bond form by NH group of Ser144 (2.96 Å) with

ster group. The carbon-hydrogen bond (non-classic) of Gln189 

carboxyl group) interacted with N–CH 3 of ligand 4d . Other hy- 

rophobic bond interaction of 4d includes pi-alkyl (Cys145, His163, 
8 
et49) and alkyl (Met49) at binding sites of the receptor (6XFN). 

he most fitting binding modes of 4d in the active site of 6XFN 

COVID-19) are expressed in Fig. 3 . Further, six hydrogen bond- 

ng were identified between the protein and ligand 5b , four of 

hich shows conventional hydrogen bonding with Cys145, Gly143, 

er144 of the receptor with an interatomic distance of 2.63, 2.63, 

.96 and 2.62 Å, respectively from 5b . In addition, His163 formed 

i-alkyl bonds and Gln186 pi-sulfur bond with 5b . The docked 

tructure presented in Fig. 4 . Correspondingly the carboxyl groups 

C 

= O) of indolo[3,2-c]isoquinoline ring and piperazine ring of com- 

ound 6f was found to be involved in two conventional hydro- 

en bonds by amide group of Ser46 at bond distance 2.31 and 
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Fig. 4. Docked poses of compound 5b (stick figure) with SARS-CoV-2 (COVID-19) main protease (PDB ID: 6XFN) (A) Protein backbone-ligand interactions; (B) Docked pose 

of ligand 5b (colour code for ligand: Black-C: White-H; Red-O; Blue-N) conventional hydrogen bonding interactions shown as dashed lines (Green) with 6XFN; (C) Lingard 

6b with 6XFN (hydrophobicity surface) at the active binding site; (D) 2D view of interaction type of ligand 5b with surrounding amino acids of 6XFN. (For interpretation of 

the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 5. Docked poses of compound 6f (stick figure) with SARS-CoV-2 (COVID-19) main protease (PDB ID: 6XFN) (A) Protein backbone-ligand interactions; (B) Docked pose of 

ligand 6f (colour code for ligand: Black-C: White-H; Red-O; Blue-N) conventional hydrogen bonding interactions shown as dashed lines (Green) with 6XFN; (C) Lingard 6f 

with 6XFN (hydrophobicity surface) at the active binding site; (D) 2D view of interaction type of ligand 6f with surrounding amino acids of 6XFN. (For interpretation of the 

references to colour in this figure legend, the reader is referred to the web version of this article.) 

2

b

T

o

a

w

t

s

P

r

f

a

i

6

4

e

c

a

t

s

6

4

r

o

t

c

.81 Å. Similar, conventional hydrogen bonds were also formed 

etween ligand and receptor i.e., piperazine C 

= O with OH of 

hr26(2.06 Å) and NH group of Glu166 (2.50 Å) with oxygen atom 

f OCH 3 (R 2 ). Further, indolo[3,2-c]isoquinoline carbonyl and piper- 

zine ring forms carbon-hydrogen (C–H) interaction (non-classic) 

ith Ser46, whereas OCH 3 (R 2 ) of ligand 6f involve in C–H interac- 

ion with carbonyl group of His164. Other hydrophobic interactions 

uch as Pi-Alkyl (Cys145, His163), Alkyl (Met49, Leu27, Cys145) and 

i-Sigma (Ser46(2HB Thr26, Glu166) with 6f were identified. The 

esults are illustrated in Fig. 5 . All synthesized compounds were 

ound to inhibit the target proteins by completely occupying the 

ctive sites as shown in Tables 7 and 8 (please see supplementary 

nformation). Thus, it clearly suggests that compounds 4d , 5a , 5b , 

b and 6f display a positive range of drug likeness. 
9 
. Conclusion 

In summary, the procedure of molecular hybridization has been 

ffectively connected to the design of indolo[3,2-c]isoquinoline ( δ- 

arboline) analogs bearing pyrimidine and piperazine moieties as 

 novel series. Synthesized compounds intended for biological ac- 

ivities. The results indicated that compounds 3a , 4a and 5e were 

trong against gram-negative bacteria, while compounds 5b , 6f and 

g antibacterial activity against gram-positive bacteria. Compounds 

a , 5a and 6a exhibit excellent antifungal activity. Moreover, the 

adical scavenging and ferrous ion (Fe 2 + ) metal chelating impact 

f compound 5c demonstrated the board range in antioxidant ac- 

ivity. The expansion in anticancer action of compounds 5e and 6d 

an be credited to the electron-withdrawing groups such as ‘F’ and 
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H’ atoms. They cause active suppression of proliferation on hu- 

an MCF-7, A549, HeLa and Panc-1 cell lines. Compounds 6b and 

e have good anti-tuberculosis action against H37Rv strain M. tu- 

erculosis . Further studies are needed to realize the action mecha- 

ism of the compounds tested. Molecular docking was performed 

o predict the conceivable binding mode of compounds 4d , 5a , 5b , 

b and 6f with the PDBs: 6LZE (COVID-19) and 6XFN: SARS-CoV-2 

COVID-19) main proteases at active sites. Also, further investiga- 

ions are required into biological validation (in-vitro and in-vivo) 

or more effects of the examined compounds. Some of the synthe- 

ized compounds would possibly represent preliminary leads for 

he design of more new potent multi-target therapeutic agents. 

. Experimental protocol 

All reagents were commercially purchased and used without 

urther purification. Melting points were determined using open 

apillaries and were not corrected. The purity of the compounds 

as verified by TLC using aluminum plates coated with silica gel G 

Merck), hexane:ethyl acetate (3:1), chloroform:ethanol (5:1), ben- 

ene:methol (2:1) mixtures as solvent ratios and spots were visu- 

lized by exposing the dry plates in iodine vapours. The IR (KBr) 

pectra were recorded using a Perkin-Elmer Spectrum on FT-IR 

pectrometer. The 1H NMR (DMSO) spectra were recorded using 

arcy Plus (Varian 400 MHz) and the chemical shifts were ex- 

ressed in ppm ( δ scale) and 13C NMR (125 MHz, DMSO) spec- 

ra recorded on Bruker NMR. Mass spectra were recorded using 

 ILS-CHU-C-41- VBV4 MS mass spectrometer. Elemental analysis 

as carried out using Flash EA 1112 series. 

.1. General procedure for the synthesis of ethyl 8-substituted-5- 

xo-5 H -indolo[3,2-c] isoquinoline-6(11 H )-carboxylates ( 1a-1d ) was 

y following literature procedure [42] . 

.1.1. General procedure for the synthesis of ethyl 8-substituted-11- 

ethyl-5-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylate 

 2a-2d ) . 

To a combination of 1a - 1d (0.1 mol), potassium carbon- 

te (0.2 mol) in dimethylformamide (DMF) (40 mL), Tetra- n - 

utylammonium bromide ( n -TBAB) as catalyst was added at 0 °C 

n mixture. Then, the mixture was stirred at room temperature 

or 30 min following which methyl iodide (0.3 mol) was added 

ropwise and continuously stirring for 12 h. The reaction progress 

as checked by using TLC. Then the reaction mixture was poured 

nto ice-cold water and extracted with ethyl acetate. The organic 

ayer was dried over anhydrous MgSO 4 and evaporated under vac- 

um. The crude residue was purified by column chromatography 

petroleum ether: ethyl acetate (4:1)) to obtain the pure com- 

ounds 2a - 2d . 

.1.2. Ethyl 8-fluoro-11-methyl-5-oxo-5 H -indolo[3,2-c]isoquinoline- 

(11 H )-carboxylate ( 2a ) 

Yellow shinning crystals, yield: 88%, mp 258–59 °C; Rf, 0.67; 

TIR (KBr cm 

−1 ): 2954 (N–CH 3 ), 1715, 1657 (C 

= O); 1 H NMR 

DMSO-d 6 , δ, ppm): 6.9–8.2 (m, 7H, Ar-H), 4.7 (q, 2H, CH 2 ), 4.0(s,

H, N–CH 3 ), 3.7 (t, 3H, CH 3 ); 
13 C NMR (DMSO-d 6 , δ, ppm); 165.2

C 

= O), 157.8 (C–F), 154.5(C 19 , C 

= O), 134.1,131.1, 130.4, 129.5, 128.4, 

28.3, 127.9, 126.4,120.2, 119.3, 119.2, 114.3, 106.3, 67.5 (CH 2 ), 

9.6(N–CH 3 ), 14.3(CH 3 ); MS: m/z 339 [M + H] + ; Anal. Calcd. for

 19 H 15 N 2 O 3 F: C, 67.45; H, 4.47; N, 8.28. Found: C, 67.42; H, 4.44;

, 8.23%. 

.1.3. Ethyl 8-methoxy-11-methyl-5-oxo-5 H -indolo[3,2-c]isoquinoline- 

(11 H )-carboxylate ( 2b ) 

Orange crystals, yield: 82%, m.p. 274–275 °C; Rf, 0.78; FTIR 

KBr cm 

−1 ): 3014 (N–CH 3 ), 1718, 1653 (C 

= O); 1 H NMR (DMSO- 

 , δ, ppm): 7.0–81 (m, 7H, Ar-H), 5.9 (s, 3H, OCH ), 4.3 (q, 2H,
6 3 

10 
H 2 ), 3.9(t, 3H, N–CH 3 ), 3.7 (s, 3H, CH 3 ); 
13 C NMR (DMSO-d 6 ,

, ppm); 165.7(C 

= O), 155.1(C 

= O), 135.2, 133.1, 132.3, 131.0, 129.9, 

29.1, 127.8, 127.4, 127.1, 126.5, 125.2, 120.2, 114.3, 111.1, 57.1(CH 2 ), 

5.8 (OCH 3 ), 36.1(N–CH 3 ), 15.3(CH 3 ); Anal. Calcd. for C 20 H 18 N 2 O 4 :

, 68.56; H, 5.18; N, 8.00;. Found: C, 68.52; H, 5.15; N, 8.05%. 

.1.4. Ethyl 8,11-dimethyl-5-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )- 

arboxylate ( 2c ) 

Green shiny crystals, yield: 78%, m.p. 285–286 °C; Rf, 0.65; FTIR 

KBr cm 

−1 ): 2947 (N–CH 3 ), 1660, 1645 (C 

= O); 1 H NMR (DMSO- 

 6 , δ, ppm): 6.7–7.9 (m, 7H, Ar-H), 4.2 (q, 2H, CH 2 ), 3.9(s, 3H,

–CH 3 ), 3.7 (t, 3H, CH 3 ), 2.5 (s, 3H, CH 3 ); 
13 C NMR (DMSO-d 6 ,

, ppm); 166.5(C 

= O), 156.5(C 

= O), 136.2, 134.5, 133.2, 132.3, 130.0, 

29.0, 127.2, 126.8, 126.5,124.5, 123.3, 121.2, 117.3, 109.2, 57.1(CH 2 ), 

8.2(N–CH 3 ), 25.5(CH 3 ), 19.1(CH 3 ); Anal. Calcd. for C 20 H 18 N 2 O 3 : C,

1.84; H, 5.43; N, 8.38; Found: C, 71.82; H, 5.45; N, 8.35 %. 

.1.5. Ethyl 11-methyl-5-oxo-5 H -indolo[3,2-c]isoquinoline-6 

11 H )-carboxylate ( 2d ) 

Pale yellow solid, yield: 82%, m.p. 262–263 °C; Rf, 0.58; FTIR 

KBr cm 

−1 ): 3051 (N–CH 3 ), 1673, 1652 (C 

= O); 1 H NMR (DMSO- 

 6 , δ, ppm): 7.0–8.1 (m, 8H, Ar-H), 5.5 (q, 2H, CH 2 ), 3.7(s,

H, N–CH 3 ), 2.9 (t, 3H, CH 3 ); 
13 C NMR (DMSO-d 6 , δ, ppm);

68.1(C 

= O), 155.2(C 

= O), 134.9, 134.3, 133.4, 132.6, 130.7, 129.7, 

26.7, 125.8, 125.5, 124.3, 123.2, 120.2, 119.6, 110.4, 56.3(CH 2 ), 

6.7(N–CH 3 ),16.2(CH 3 ); Anal. Calcd. for C 19 H 16 N 2 O 3 : C, 71.24; H,

.03; N, 8.74; Found: C, 71.21; H, 5.00; N, 8.71%. 

.2. General procedure for the synthesis of 8-Substituted-11-methyl- 

-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylic acids 

 3a - 3d ) 

To a solution of compounds 2a - d (0.01 mol) in ethanol (30 mL), 

N NaOH (30 mL) was added and heated under reflux for 3 h. The 

eaction mixture was cooled and acidified with 2N HCl. The com- 

letion of reaction was monitored by TLC using silica gel coated 

lates using solvents (ethyl acetate: petroleum ether 1:1) as eluent 

nd observed in UV light. The solid residue was filtered off and 

ashed with cold water, dried and purified from ethanol to get 

a - 3d . 

.2.1. 8-Fluoro-11-methyl-5-oxo-5 H -indolo[3,2-c]isoquinoline-6 

11 H )-carboxylic acid ( 3a ) 

White solid, yield: 87%, m.p. 271–272 °C; Rf, 0.58; FTIR (KBr 

m 

−1 ): 2974 (N–CH 3 ), 1676, 1638 (C 

= O); 1 H NMR (DMSO-d 6 , δ,

pm):10.6(1H, -OH), 7.1–8.3 (m, 7H, Ar-H), 3.9(s, 3H, N–CH 3 ); 
13 C 

MR (DMSO-d 6 , δ, ppm); 164.7(C 

= O), 160.5(C 

= O), 157.5 (C–F), 

36.7, 135.9, 135.6, 134.3, 131.0, 130.6, 126.1, 125.0, 123.6, 123.4, 

23.2, 119.4, 118.9, 36.6(N–CH 3 ); MS: m/z 311 [M + H] + : Anal. Calcd.

or C 17 H 11 N 2 O 3 F: C, 65.81; H, 3.57; N, 9.03; Found: C, 65.79; H,

.55; N, 9.01 %. 

.2.2. 8-Methoxy-11-methyl-5-oxo-5 H -indolo[3,2-c] 

soquinoline-6(11 H )-carboxylic acid ( 3b ) 

Greenish solid, yield: 81%, mp 262–263 °C; Rf, 0.73; FTIR 

KBr cm 

−1 ): 2985 (N–CH 3 ), 1675, 1635 (C 

= O); 1 H NMR (DMSO- 

 6 , δ, ppm):10.2(1H, -OH), 6.9–8.0 (m, 7H, Ar-H), 3.9(s, 3H, N–

H 3 ), 2.5 (s, 3H, OCH 3 ); 
13 C NMR (DMSO-d 6 , δ, ppm); 163.1(C 

= O),

52.2(C 

= O), 134.7, 134.3, 132.7, 132.5, 132.2, 129.7, 128.1, 126.8, 

25.5, 123.9, 122.7, 122.4, 120.1, 115.6, 55.4(OCH 3 ), 38.2(N–CH 3 ); 

nal. Calcd. for C 18 H 14 N 2 O 4 : C, 67.07; H, 4.38; N, 8.69; Found: C,

7.05; H, 4.35; N, 8.70 %. 
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.2.3. 8,11-Dimethyl-5-oxo-5 H -indolo[3,2-c]isoquinoline- 

(11 H )-carboxylic acid ( 3c ) 

Yellow solid, yield: 75%, mp 291–292 °C; Rf, 0.59; FTIR (KBr 

m 

−1 ): 2954 (indol,N–CH 3 ), 1715, 1660 (C 

= O); 1 H NMR (DMSO- 

 6 , δ, ppm):10.7(1H, -OH), 7.1–8.1 (m, 7H, Ar-H), 3.7(s, 3H, N–

H 3 ), 2.9 (s, 3H, CH 3 ); 
13 C NMR (DMSO-d 6 , δ, ppm); 162.5(C 

= O),

60.7(C 

= O), 133.8, 133.5, 132.6, 132.4, 131.5, 130.5, 126.7, 126.8, 

25.5,123.9, 122.7, 122.4, 120.1, 115.6, 39.4(CH 3 ), 36.1(N–CH 3 ); Anal. 

alcd. for C 18 H 14 N 2 O 3 : C, 70.58; H, 4.61; N, 9.15; Found: C, 70.59;

, 4.59; N, 9.16%. 

.2.4. 11-Methyl-5-oxo-5 H -indolo[3,2-c]isoquinoline- 

(11 H )-carboxylic acid ( 3d ) 

Off-white crystal, yield: 75%, m.p. 274–275 °C; Rf, 0.61; FTIR 

KBr cm 

−1 ): 3053 (N–CH 3 ), 1710, 1651 (C 

= O); 1 H NMR (DMSO-d 6 ,

, ppm):10.2(1H, -OH), 7.1–8.1 (m, 8H, Ar-H), 3.7(s, 3H, N–CH 3 ); 
3 C NMR (DMSO-d 6 , δ, ppm); 165.0(C 

= O), 159.3(C 

= O), 134.5, 133.7, 

33.2, 132.7, 132.6, 131.2, 125.7, 124.8, 124.1,123.5, 123.2, 121.5, 

20.4, 117.6, 32.7(N–CH 3 ); Anal. Calcd. for C 17 H 12 N 2 O 3 : C, 69.86;

, 4.14; N, 9.58; Found: C, 69.85; H, 4.13; N, 9.57%. 

.3. General procedure for the synthesis of 2-Chloroethyl 

-substituted-11-methyl-5-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )- 

arboxylates ( 4a - 4d ) 

To a solution of 8-substituted-11-methyl-5-oxo-5 H -indolo[3,2- 

]isoquinoline-6(11 H )-carboxylic acids ( 3a-3d ) (1 mol), 

ichloroethane (2 mol) and anhydrous K 2 CO 3 (2 mol) in ace- 

one (40 mL) was added and resulting solution was refluxed for 

 h. The resulting residue was washed with petroleum ether 

nd distilled water progressively and separated under reduced 

ressure. Then the residue was dried and purified by silica gel 

hromatography (petroleum ether: ethyl acetate (2:1)) as eluent to 

fford compounds 4a-4d . 

.3.1. 2-Chloroethyl 8-fluoro-11-methyl-5-oxo-5 H -indolo[3,2- 

]isoquinoline-6(11 H )-carboxylate ( 4a ) 

Yellow crystals, yield: 78%, m.p. 301–302 °C; Rf, 0.77; FTIR (KBr 

m 

−1 ): 2962 (N–CH 3 ), 1715, 1657 (C 

= O); 1 H NMR (DMSO-d 6 , δ,

pm): 7.0–8.3 (m, 7H, Ar-H), 4.9 (q, 2H, CH 2 ), 4.6 (q, 2H, CH 2 Cl),

.9(s, 3H, N–CH 3 ); 
13 C NMR (DMSO-d 6 , δ, ppm); 164.7(C 

= O), 

60.8(C 

= O), 157.5 (C–F), 137.1, 134.3, 132.7, 131.1, 130.9, 130.8, 

30.5, 129.1,128.3, 127.6, 120.2, 117.3, 113.9, 72.6(CH 2 ), 39.5(N–CH 3 ), 

9.4(CH 2 Cl); MS: m/z 420 [M 

+ + 2]; Anal. Calcd. for C 19 H 14 N 2 O 3 FCl:

, 61.22; H, 3.79; N, 7.51;Found: C, 61.21; H, 3.74; N, 7.49%. 

.3.2. 2-Chloroethyl 8-methoxy-11-methyl-5-oxo-5 H -indolo[3,2- 

]isoquinoline-6(11 H )-carboxylate ( 4b ) 

Orange crystals, yield: 72%, m.p. 298–299 °C; Rf, 0.73; FTIR (KBr 

m 

−1 ): 2951 (N–CH 3 ), 1712, 1655 (C 

= O); 1 H NMR (DMSO-d 6 , δ,

pm): 7.0–8.1 (m, 7H, Ar-H), 4.5 (q, 2H, CH 2 ), 4.1 (q, 2H, CH 2 Cl);

.9 (s, 3H, OCH 3 ), 3.7(s, 3H, N–CH 3 ), 
13 C NMR (DMSO-d 6 , δ, ppm);

68.1(C 

= O), 160.0(C 

= O), 134.3, 134.0, 132.2, 132.0, 128.9, 128.1, 

26.9, 126.4, 125.3,124.3, 124.2, 121.1, 116.2, 110.2, 65.3(CH 2 ), 55.3 

OCH 3 ), 36.1(N–CH 3 ), 25.7(CH 2 Cl); Anal. Calcd. for C 20 H 17 N 2 O 4 Cl:

, 62.42; H, 4.45; N, 7.28; Found: C, 62.38; H, 4.40; N, 7.26 %. 

.3.3. 2-Chloroethyl 8,11-dimethyl-5-oxo-5 H -indolo[3,2-c] 

soquinoline-6(11 H )-carboxylate ( 4c ) 

Green solid, yield: 71%, m.p. 295–296 °C; Rf, 0.69; FTIR (KBr 

m 

−1 ): 2983 (N–CH 3 ), 1670, 1652 (C 

= O); 1 H NMR (DMSO-d 6 , 

, ppm): 7.0–8.1 (m, 7H, Ar-H), 4.8 (q, 2H, CH 2 ), 4.2 (q, 2H,

H 2 Cl), 3.9(s, 3H, N–CH 3 ), 2.9 (s, 3H, CH 3 ); 
13 C NMR (DMSO-

 6 , δ, ppm); 167.1(C 

= O), 159.9(C 

= O), 134.3, 134.2, 132.5, 132.2, 

31.2, 129.4, 126.7, 125.6, 124.7,124.2, 123.3, 120.2, 119.3, 110.1, 

3.1(CH ), 38.2(N–CH ), 29.2(CH Cl), 25.6(CH ); Anal. Calcd. for 
2 3 2 3 

11 
 20 H 17 N 2 O 3 Cl: C, 65.13; H, 4.65; N, 7.60; Found: C, 65.10; H, 4.63;

, 7.56 %. 

.3.4. 2-Chloroethyl 11-methyl-5-oxo-5 H -indolo[3,2-c] 

soquinoline-6(11 H )-carboxylate ( 4d ) 

Yellow crysstal, yield: 72%, m.p. 287–288 °C; Rf, 0.65; FTIR 

KBr cm 

−1 ): 3001 (N–CH 3 ), 1670, 1661 (C 

= O); 1 H NMR (DMSO- 

 6 , δ, ppm): 7.0–8.1 (m, 8H, Ar-H), 5.6 (q, 2H, CH 2 ), 4.0 (q,

H, CH 2 Cl); 3.9(s, 3H, N–CH 3 ), 
13 C NMR (DMSO-d 6 , δ, ppm); 

62.5(C 

= O), 159.6(C 

= O), 134.5, 134.2, 133.2, 132.5, 129.8, 129.5, 

25.9, 125.5, 124.5,124.2, 123.2, 121.3, 118.7, 109.2, 60.2(CH 2 ), 

6.7(N–CH 3 ),28.2(CH 2 Cl); Anal. Calcd. for C 19 H 15 N 2 O 3 Cl: C, 64.32; 

, 4.26; N, 7.90; Found: C, 64.28; H, 4.20; N, 7.87 %. 

.4. General procedure for the synthesis of 2-(5-cyano-4- 

ydroxy-6-methoxypyrimidin-2-ylthio)ethyl 8-Substitued-11-methyl- 

-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylates ( 5a - 5h ) 

Compounds 4a-d (3 mol), substituted pyrimidine-2-thiol 

3 mol) and dry K 2 CO 3 (3 mol) were introduced to dry DMF 

20 mL). The reaction mixture was stirred at room temperature for 

–10 h. When the reaction was completed (by means of TLC), the 

eaction mixture was poured into ice water (100 mL) and acidified 

ith acetic acid. The obtained residue was filtered, washed with 

ater, dried and purified by silica gel (petroleum ether: ethyl 

cetate (3:1)) to afford the compounds 5a–5h . 

.4.1. 2-(4-Hydroxy-5-methylpyrimidin-2-ylthio)ethyl 8-fluoro-11- 

ethyl-5-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylate 

 5a ) 

Yellow crystals, yield: 68%, m.p. 311–312 °C; Rf, 0.77; 

TIR (KBr cm 

−1 ): 3154 (O–H), 2984 (N–CH 3 ), 1715, 1657 

C 

= O),1612, 1540(C 

= N), 1153(C-O); 1 H NMR (DMSO-d 6 , δ, ppm): 

0.8(s,1H,OH),7.1–8.4 (m, 8H, Ar-H), 4.7 (t, 2H, CH 2 ), 4.2(t, 2H, 

-CH 2 ), 3.9(s, 3H, N–CH 3 ), 1.5(s,3H,CH 3 ); 
13 C NMR (DMSO-d 6 , 

, ppm); 177.2, 161.5(C 

= O), 161.0(C 

= O), 159.8 (C–F), 154.9(C 

= N), 

54.8(C 

= N), 137.8, 135.1, 134.1, 131.9, 130.2,128.6, 127.1,126.6,120.7, 

18.7,115.1, 114.2, 113.8, 107.0, 65.4(CH 2 ), 39.9(CH 2 ), 36.4(N–CH 3 ), 

4.4(CH 3 ); MS: m/z 479 [M + H] + ; Anal. Calcd. for C 24 H 19 N 4 O 4 FS: C,

0.24; H, 4.00; N, 11.71;Found: C, 60.22; H, 3.98; N, 11.68%. 

.4.2. 2-(4-Hydroxy-5-methylpyrimidin-2-ylthio)ethyl 8-methoxy-11- 

ethyl-5-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylate 

 5b ) 

White solid, yield: 72%, m.p. 300–301 °C; Rf, 0.56; 

TIR (KBr cm 

−1 ): 3162 (O–H), 2954 (N–CH 3 ), 1725, 1659 

C 

= O),1610, 1532(C 

= N), 1153(C–O); 1 H NMR (DMSO-d 6 , δ, ppm): 

0.5(s,1H,OH),7.0–8.2 (m, 8H, Ar-H), 4.7 (t, 2H, CH 2 ), 3.9(s, 3H, 

–CH 3 ), 3.7(t, 2H, S-CH 2 ), 2.7(t, 3H, CH 3 ), 2.1(t, 3H, OCH 3 ); 
13 C

MR (DMSO-d 6 , δ, ppm); 178.2, 167.1(C 

= O), 162.3(C 

= N), 156.2, 

55.5(C 

= O), 154.2(C 

= N), 132.5, 132.0, 130.7, 129.9, 129.1,128.3, 

28.0,127.2,123.1, 119.2,115.4, 114.2, 111.9, 105.2, 59.1(CH 2 ), 55.7 

OCH 3 ), 37.3(CH 2 ), 35.6(N–CH 3 ), 14.5(CH 3 ); Anal. Calcd. for 

 25 H 22 N 4 O 5 S: C, 61.21; H, 4.52; N, 11.42;Found: C, 61.20; H, 4.50;

, 11.41 %. 

.4.3. 2-(4-Hydroxy-5-methylpyrimidin-2-ylthio)ethyl 8,11-dimethyl- 

-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylate ( 5c ) 

Yellowish solid, yield: 74%, m.p. 297–298 °C; Rf, 0.61; 

TIR (KBr cm 

−1 ): 3123 (O–H), 2974 (N–CH 3 ), 1710, 1675 

C 

= O),1612, 1518(C 

= N), 1150(C–O); 1 H NMR (DMSO-d 6 , δ, ppm): 

0.3(s,1H,OH),6.9–8.0 (m, 8H, Ar-H), 5.1 (t, 2H, CH 2 ), 4.4(t, 2H, 

–CH 2 ), 4.5(s, 3H, N–CH 3 ), 2.5(t, 3H, CH 3 ), 2.2(t, 3H, CH 3 ); 
13 C

MR (DMSO-d 6 , δ, ppm); 175.1,163.1(C 

= O), 159.2(C 

= N), 154.5, 

53.4(C 

= O), 152.6(C 

= N), 132.7, 132.2, 131.3, 130.4, 129.3,128.7, 

28.2,127.5, 123.6, 120.1, 119.3, 115.1, 113.5, 101.4, 60.3(CH ), 
2 



V.A. Verma, A.R. Saundane, R.S. Meti et al. Journal of Molecular Structure 1229 (2021) 129829 

3

C  

N

5

5

F

(

1

S

d

1

1

C  

N

5

o

F

(

p

4  

1

1

1

f  

3

5

o

F

(

1

C  

p

1

1

3  

1

5

5

F

(

p

4  

(

1

1

3  

C

5

5

c

(

8

3

1

1

5  

C

5

{

i

(

d

(

a

i

w

r

e

c

a

5

m

n

(

5

p

1

1

3

C  

6

5

1

n

(

4  

(

1

1

(

f  

5

5

m

E  

1

8  

δ
1

1

a  

C

5

6

n

(

4  

1

1

1

r  

N

7.3(CH 2 ), 36.6(N–CH 3 ), 25.7 (CH 3 ), 15.4(CH 3 ); Anal. Calcd. for 

 25 H 22 N 4 O 4 S: C, 63.28; H, 4.67; N, 11.81;Found: C, 63.25; H, 4.62;

, 11.84 %. 

.4.4. 2-(4-Hydroxy-5-methylpyrimidin-2-ylthio)ethyl 11-methyl- 

-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylate ( 5d ) 

Pale yellow crystals, yield: 67%, m.p. 298–299 °C; Rf, 0.65; 

TIR (KBr cm 

−1 ): 3123 (O–H), 2971 (N–CH 3 ), 1705, 1650 

C 

= O),1624, 1521 (C 

= N), 1132(C–O); 1 H NMR (DMSO-d 6 , δ, ppm): 

0.1(s,1H,OH),7.1–8.1 (m, 9H, Ar-H), 5.6 (t, 2H, CH 2 ), 4.3(t, 2H, 

-CH 2 ), 3.9(t, 3H, N–CH 3 ), 2.8(t, 3H, CH 3 ); 
13 C NMR (DMSO- 

 6 , δ, ppm); 172.7, 165.5(C 

= O), 156.4(C 

= N), 155.5, 154.2(C 

= O), 

53.1(C 

= N), 133.6, 133.5, 132.9, 131.2, 130.1,129.3, 128.1,126.6, 

22.3, 119.5,118.2, 112.3, 112.1, 104.2, 59.2(CH 2 ), 38.6(CH 2 ), 36.7(N–

H 3 ), 14.5(CH 3 ); Anal. Calcd. for C 24 H 20 N 4 O 4 S: C, 62.60; H, 4.38;

, 12.17;Found: C, 62.61; H, 4.36; N, 12.15%. 

.4.5. 2-(4-Hydroxypyrimidin-2-ylthio)ethyl-8-fluoro-11-methyl-5- 

xo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylate ( 5e ) 

Organ solid, yield: 75%, m.p. 310–311 °C; Rf, 0.71; 

TIR (KBr cm 

−1 ): 3110 (O–H), 2961 (N–CH 3 ), 1712, 165o 

C 

= O),1612, 1540(C 

= N), 1153(C–O); 1 H NMR (DMSO-d 6 , δ, 

pm): 10.6(s,1H,OH),7.0–8.0 (m, 9H, Ar-H), 4.8 (t, 2H, CH 2 ), 

.5(t, 2H, S–CH 2 ); 3.6(t, 3H, N–CH 3 ), 
13 C NMR (DMSO-d 6 , δ, ppm);

73.4,165.5(C 

= O), 163.4(C 

= N), 156.4 (C–F),155.6(C 

= O), 155.2(C 

= N), 

32.3,132.1, 131.4, 130.7, 129.4,128.6, 128.4,127.3,122.2, 117.1,112.4, 

12.2, 111.2, 102.5, 59.3(CH 2 ), 38.8(CH 2 ), 36.6(N–CH 3 ); Anal. Calcd. 

or C 23 H 17 N 4 O 4 FS: C, 59.48; H, 3.69; N, 12.06; Found: C, 59.45; H,

.67; N, 12.03%. 

.4.6. 2-(4-Hydroxypyrimidin-2-ylthio)ethyl 8-methoxy-11-methyl-5- 

xo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylate ( 5f ) 

Yellow crystals, yield: 69%, m.p. 312–313 °C; Rf, 0.66; 

TIR (KBr cm 

−1 ): 3184 (O–H), 2964 (N–CH 3 ), 1713, 1650 

C 

= O),1613, 1530(C 

= N), 1149(C–O); 1 H NMR (DMSO-d 6 , δ, ppm): 

0.7(s,1H,OH),7.1–7.9 (m, 9H, Ar-H), 5.1 (t, 2H, CH 2 ), 4.2(t, 2H, S–

H 2 ), 3.6(t, 3H, N–CH 3 ), 2.5(t, 3H, OCH 3 ); 
13 C NMR (DMSO-d 6 , δ,

pm); 172.1,165.2(C 

= O), 160.1(C 

= N), 156.3,155.4(C 

= O), 153.5(C 

= N), 

32.7, 132.4, 131.8, 130.1, 129.4, 128.2, 128.1, 127.3, 124.2, 

19.7,115.2, 112.5, 111.1, 102.3, 56.6(CH 2 ), 54.5(OCH 3 ), 38.8(CH 2 ), 

6.6(N–CH 3 ); Anal. Calcd. for C 24 H 20 N 4 O 5 S: C, 60.49; H, 4.23; N,

1.76;Found: C, 60.50; H, 4.20; N, 11.72%. 

.4.7. 2-(4-Hydroxypyrimidin-2-ylthio)ethyl 8,11-dimethyl-5-oxo- 

 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylate ( 5g ) 

Off-white crystals, yield: 74%, m.p. 297–298 °C; Rf, 0.61; 

TIR (KBr cm 

−1 ): 3126 (O–H), 2958 (N–CH 3 ), 1732, 1665 

C 

= O),1613, 1519(C 

= N), 1145(C–O); 1 H NMR (DMSO-d 6 , δ, 

pm): 10.3(s,1H,OH),6.8–7.9 (m, 9H, Ar-H), 4.9 (t, 2H, CH 2 ), 

.3(t, 2H, S–CH 2 ), 3.6(t, 3H, N–CH 3 ), 2.8(t, 3H, CH 3 ); 
13 C NMR

DMSO-d 6 , δ, ppm); 172.4, 165.2(C 

= O), 160.2(C 

= N), 153.5, 

52.4(C 

= O), 152.1(C 

= N), 132.4, 132.3, 131.2, 131.0, 129.1,128.4, 

28.5, 127.2,124.5, 121.3,120.5, 118.5, 112.7, 109.3, 58.8(CH 2 ), 

8.9(CH 2 ), 36.7(N–CH 3 ), 26.1 (CH 3 ); Anal. Calcd. for C 24 H 20 N 4 O 4 S:

, 62.60; H, 4.38; N, 12.17;Found: C, 62.58; H, 4.36; N, 12.14%. 

.4.8. 2-(4-Hydroxypyrimidin-2-ylthio)ethyl 11-methyl- 

-oxo-5 H -indolo[3,2-c]isoquinoline-6(11 H )-carboxylate ( 5h ) 

Greenish, yield: 67%, m.p. 298–299 °C; Rf, 0.65; FTIR (KBr 

m 

−1 ): 3164 (O–H), 2976 (N–CH 3 ), 1712, 1658 (C 

= O),1611, 1521 

C 

= N), 1130(C–O); 1 H NMR (DMSO-d 6 , δ, ppm): 10.7(s,1H,OH),7.0–

.2 (m, 10H, Ar-H), 5.1 (t, 2H, CH 2 ), 4.6(t, 2H, S–CH 2 )3.8(t, 

H, N–CH 3 ),; 
13 C NMR (DMSO-d 6 , δ, ppm); 172.1,165.3(C 

= O), 

57.2(C 

= N), 154.6, 154.2(C 

= O), 152.6(C 

= N), 132.6, 132.5, 132.3, 

31.5, 130.7,129.4, 128.6,126.7,122.1, 119.4,118.2, 117.1, 110.4, 102.1, 

8.3(CH 2 ), 39.5(CH 2 ), 36.4(N–CH 3 ); Anal. Calcd. for C 23 H 18 N 4 O 4 S:

, 61.87; H, 4.06; N, 12.55;Found: C, 61.85; H, 4.03; N, 12.52%. 
12 
.5. General procedure for the synthesis of 8-Substitued-6- 

[4-(4-nitrophenyl)piperazin-1-yl]oxomethyl}-11-methyl-6 H - 

ndolo[3,2-c]isoquinolin-5(11 H )-ones ( 6a - 6h ) 

Compounds ( 3a-3d ) (0.001 mol), hydroxylbenzotriazole 

0.012 mol) in dry Tetrahydrofuran (THF) and 1-ethyl-3-(3- 

imethylaminopropyl) carbodiimide hydrochloride (EDCH) 

0.012 mol) were mixed and stirred for 30 min. To the re- 

ction mixture, substituted phenylpiperazine (0.001 mol) was 

ncluded under ice cold temperature and the reaction mixture 

as further stirred at room temperature for 6 h. After finish of 

eaction as checked by TLC, Reaction mixture was separated with 

thyl acetate, collected organic layer was dried over Na 2 SO 4 and 

oncentrated under vacuum to give compounds 6a-6h . Hexanine 

s solvent for TLC. 

.5.1. 8-Fluoro-6-{[4-(4- fluoro phenyl)piperazin-1-yl]oxomethyl}-11- 

ethyl-6 H -indolo[3,2-c]isoquinolin-5(11 H )-one ( 6a ) 

Yellow crystals, yield: 68%, m.p. 311–312 °C; Rf, 0.50 (Hexa- 

ine:EtOAc = 6:4); FTIR (KBr cm 

−1 ): 2959 (N–CH 3 ), 1715, 1657 

C 

= O); 1 H NMR (DMSO-d 6 , δ, ppm): 7.1–8.3 (m, 11H, Ar-H), 

.3–4.2(m, 8H, CH 2 ), 3.9(s, 3H, N–CH 3 ); 
13 C NMR (DMSO-d 6 , δ, 

pm); 164.7 (C 

= O), 160.4(C 

= O), 154.8 (C–F), 150.5 (C–F),148.0, 

37.1, 134.3, 132.7, 130.5, 129.1, 128.6, 128.2, 127.6, 127.1, 123.9, 

23.6, 120.2, 117.3,115.4, 114.3, 113.9, 101.2, 40.5(piperazine ring), 

9.8(piperazine ring), 37.6 (N–CH 3 ); MS: m/z 473 [M + H] + ; Anal. 

alcd. for C 27 H 22 N 4 O 4 F 2 : C, 68.63; H, 4.69; N, 11.86; Found: C,

8.60; H, 4.65; N, 11.83 %. 

.5.2. 8-Methoxy-6-{[4-(4- fluorophenyl)piperazin-1-yl]oxomethyl}- 

1-methyl-6 H -indolo[3,2-c]isoquinolin-5(11 H )-one ( 6b ) 

White crystals, yield: 66%, m.p. 278–279 °C; Rf, 0.47 (Hexa- 

ine:EtOAc = 6:4); FTIR (KBr cm 

−1 ): 2897 (N–CH 3 ), 1687, 1620 

C 

= O); 1 H NMR (DMSO-d 6 , δ, ppm): 7.0–8.0 (m, 9H, Ar-H), 5.8–

.1(m, 8H, CH 2 ), 3.9(s, 3H, N–CH 3 ), 2.7 (s,3H OCH 3 ); 
13 C NMR

DMSO-d 6 , δ, ppm); 164.2 (C 

= O), 160.1(C 

= O), 151.2(C–F), 143.2, 

33.6, 132.4, 131.4, 130.2, 128.5, 128.2, 128.0, 127.2, 122.3, 116.5, 

16.2, 115.6, 115.3,113.4, 112.4, 112.2, 105.2, 55.7 (OCH 3 ), 51.3 

piperazine ring), 48.9 (piperazine ring), 36.6 (N–CH 3 ); Anal. Calcd. 

or C 28 H 25 N 4 O 3 F: C, 69.41; H, 5.20; N, 11.56; Found: C, 69.43; H,

.18; N, 11.53 %. 

.5.3. 8-Methyl-6-{[4-(4- fluorophenyl)piperazin-1-yl]oxomethyl}-11- 

ethyl-6 H -indolo[3,2-c]isoquinolin-5(11 H )-one( 6c ) 

White solid, yield: 70%, m.p. 281–282 °C; Rf, 0.38 (Hexanine: 

tOAc = 6:4); FTIR (KBr cm 

−1 ): 2984 (N–CH 3 ), 1687, 1620 (C 

= O);
 H NMR (DMSO-d 6 , δ, ppm): 7.1–8.1 (m, 11H, Ar-H), 5.6–40(m, 

H, CH 2 ), 3.8 (s, 3H, N–CH 3 ), 3.2 (s,3H CH 3 ); 
13 C NMR (DMSO-d 6 ,

, ppm); 165.1 (C 

= O), 161.2(C 

= O), 152.4 (C–F), 141.1, 132.5, 132.3, 

30.9, 129.8, 128.2, 128.5, 127.9, 127.1, 124.2, 117.5, 116.8, 116.2, 

15.1, 112.7, 112.1, 112.0, 104.3, 51.3(piperazine ring), 48.9 (piper- 

zine ring), 36.5(N–CH 3 ), 25.7 (CH 3 ); Anal. Calcd. for C 28 H 25 N 4 O 2 F:

, 71.78; H, 5.38; N, 11.96; Found: C, 71.75; H, 5.37; N, 11.93 %. 

.5.4. 6-{[4-(4- Fluorophenyl)piperazin-1-yl]oxomethyl}-11-methyl- 

 H -indolo[3,2-c]isoquinolin-5(11 H )-one ( 6d ) 

White crystals, yield: 74%, m.p. 294–295 °C; Rf, 0.47 (Hexa- 

ine:EtOAc = 6:4); FTIR (KBr cm 

−1 ): 2968 (N–CH 3 ), 1670, 1631 

C 

= O); 1 H NMR (DMSO-d 6 , δ, ppm): 7.0–8.2 (m, 12H, Ar-H), 5.5–

.3 (m, 8H, CH 2 ), 3.8 (s, 3H, N–CH 3 ); 
13 C NMR (DMSO-d 6 , δ, ppm);

65.1 (C 

= O) 161.2(C 

= O),152.4(C–F), 141.1, 132.5, 132.3, 130.9, 129.8, 

28.2, 128.5, 127.9, 127.1, 125.7, 124.2, 117.5, 116.8, 116.2, 115.1, 

12.7, 112.1, 112.0, 104.3, 51.3 (piperazine ring), 48.9(piperazine 

ing), 37.2(N–CH 3 ); Anal. Calcd. for C 27 H 23 N 4 O 2 F: C, 71.35; H, 5.10;

, 12.33;Found: C, 71.32; H, 5.08; N, 12.30;%. 
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.5.5. 8-Fluoro-6-{[4-(4-methoxyphenyl)piperazin-1-yl]oxomethyl}-11- 

ethyl-6 H -indolo[3,2-c]isoquinolin-5(11 H )-one ( 6e ) 

White solid, yield: 68%, m.p. 259–260 °C; Rf, 0.49 (Hexa- 

ine:EtOAc = 6:4); FTIR (KBr cm 

−1 ): 2983 (N–CH 3 ), 1720, 1634 

C 

= O); 1 H NMR (DMSO-d 6 , δ, ppm): 6.8–8.1 (m, 11H, Ar-H), 5.7–

.5(m, 8H, CH 2 ), 3.9(s, 3H, N–CH 3 ), 2.9(s, 3H, OCH 3 ); 
13 C NMR

DMSO-d 6 , δ, ppm); 163.5 (C 

= O), 161.3(C 

= O), 154.7 (C–F), 152.7, 

42.7, 132.4, 132.1, 131.6, 130.2, 128.4, 128.2, 128.0, 126.3, 122.3, 

16.7, 116.2, 115.6, 115.2, 113.7, 112.6, 112.3, 102.4, 55.6 (OCH 3 ), 

1.8(piperazine ring), 49.1(piperazine ring), 36.6 (N–CH 3 ); Anal. 

alcd. for C 28 H 25 N 4 O 3 F: C, 69.41; H, 5.20; F, 3.92; N, 11.56; Found:

, 69.39; H, 5.17; F, 3.92; N, 11.47; %. 

.5.6. 8-Methoxy-6-{[4-(4-methoxyphenyl)piperazin-1-yl]oxomethyl}- 

1-methyl-6 H -indolo[3,2-c]isoquinolin-5(11 H )-one 6f 

Yellow solid yield: 67%, m.p. 275–276 °C; Rf, 0.35 (Hexa- 

ine:EtOAc = 6:4); FTIR (KBr cm 

−1 ): 2973 (N–CH 3 ), 1680, 1642 

C 

= O); 1 H NMR (DMSO-d 6 , δ, ppm): 7.0–8.1 (m, 11H, Ar-H), 5.6–

.2(m, 8H, CH 2 ), 3.7(s, 3H, N–CH 3 ), 2.7 (s,3H OCH 3 ), 2.3 (s,3H

CH 3 ); 
13 C NMR (DMSO-d 6 , δ, ppm); 168.1 (C 

= O), 160.1(C 

= O), 

51.2, 143.2, 133.2, 132.3, 131.2, 130.1, 128.3, 128.8, 128.5, 126.7, 

22.8, 116.7, 116.4, 115.7, 113.4, 112.4, 112.2, 105.2, 55.7 (OCH 3 ), 

5.3 (OCH 3 ), 51.3(piperazine ring), 48.9 (piperazine ring), 34.9 (N–

H 3 ); Anal. Calcd. for C 29 H 28 N 4 O 4 : C, 70.15; H, 5.68; N, 11.28;

ound: C, 70.12; H, 5.64; N, 11.23 %. 

.5.7. 8-Methyl-6-{[4-(4-methoxyphenyl)piperazin-1-yl]oxomethyl}- 

1-methyl-6 H -indolo[3,2-c]isoquinolin-5(11 H )-one ( 6g ) 

Green solid, yield: 68%, m.p. 264–265 °C; Rf, 0.51 (Hexa- 

ine:EtOAc = 6:4); FTIR (KBr cm 

−1 ): 2985 (N–CH 3 ), 1710, 1640 

C 

= O); 1 H NMR (DMSO-d 6 , δ, ppm): 7.0–8.0 (m, 11H, Ar-H), 5.2–

.1 (m, 8H, CH 2 ), 3.9 (s, 3H, N–CH 3 ), 3.1 (s,3H CH 3 ), 2.1 (s,3H

CH 3 ); 
13 C NMR (DMSO-d 6 , δ, ppm); 165.1 (C 

= O) 161.2(C 

= O), 

52.4 (C–F), 141.1, 132.5, 132.3, 130.9, 129.8, 128.2, 128.5, 127.9, 

27.1, 124.2, 117.5, 116.8, 116.2, 115.1, 112.7, 112.1, 112.0, 104.3, 59.7 

OCH 3 ), 50.8(piperazine ring), 49.9 (piperazine ring), 36.9(N–CH 3 ), 

8.6 (CH 3 ); Anal. Calcd. for C 29 H 28 N 4 O 3 : C, 72.48; H, 5.87; N, 11.66;

ound: C, 72.47; H, 5.85; N, 11.63%. 

.5.8. 6-{[4-(4-Methoxyphenyl)piperazin-1-yl]oxomethyl}-11-methyl- 

 H -indolo[3,2-c]isoquinolin-5(11 H )-one ( 6h ) 

White crystals, yield:71%, m.p. 280–281 °C; Rf, 0.36 (Hexa- 

ine:EtOAc = 6:4); FTIR (KBr cm 

−1 ): 2964(N–CH 3 ), 1687, 1652 

C 

= O); 1 H NMR (DMSO-d 6 , δ, ppm): 7.0–8.1 (m, 12H, Ar-H), 

.4–4.0 (m, 8H, CH 2 ), 3.7 (s, 3H, N–CH 3 ), 2.4 (s,3H OCH 3 );
3 C NMR (DMSO-d 6 , δ, ppm); 165.1 (C 

= O) 161.2(C 

= O),152.4(C–

), 141.1, 132.5, 132.3, 130.9, 129.8, 128.2, 128.5, 127.9, 127.1, 

25.7,124.2, 117.5, 116.8, 116.2, 115.1,112.7, 112.1, 112.0, 104.3, 55.6 

OCH 3 ); 51.3(piperazine ring),48.9(piperazine ring), 36.6(N–CH 3 ); 

nal. Calcd. for C 28 H 26 N 4 O 3 C, 72.09; H, 5.62; N, 12.01;Found: C,

2.05; H, 5.64; N, 12.00%. 

. Biological procedure 

.1. Antimicrobial activity 

The synthesized compounds were tested against four bacteria 

nd four fungi. The bacterial strains incubated at 106 microbe/mL 

oncentration by the broth dilution method (concentrations 100, 

5, 50, 25, 12.5, 6.5 3.12 and 1.5 (μg/mL). The optical density was 

easured at 655 nm wavelength for each sample and compared 

ith standard drugs streptomycin and fluconazole for antibacterial 

nd antifungal activities, respectively. The lowest concentration of 

he test compound was considered as precise MIC values. At this 

oncentration, growth of bacteria and fungi were completely in- 

ibited. 
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.2. Antioxidant activities 

.2.1. 1, 1-Diphenyl-2-picryl-hydrazil (DPPH) radical scavenging 

ctivity (RSA) 

The RSA of the test compounds was carried out in methano- 

ic solution at concentrations 25, 50, 75 and 100 μg/mL contain- 

ng freshly prepared DPPH solution (0.004% w/v) and compared to 

tandards using reported method [57] . All the analysis were per- 

ormed on averaged of triplicates. The results are expressed as the 

atio of absorption decrease in the presence of test compounds and 

bsorption of DPPH solution in the absence of test compounds at 

17 nm on ELICO SL171 mini spect spectrometer in percentage. The 

ercentage scavenging activity of the DPPH free radical was deter- 

ined using the following equation: 

PPH radical scavenging (%) = [ ( Ac − As / Ac ) ] × 100 

where, 

Ac is the absorbance of the control reaction and As is the ab- 

orbance of the sample or standards. 

.3. Ferrous (Fe 2 + ) ion metal chelating activity 

The metal chelating activity of the ferrous ions (Fe 2 + ) towards 

he synthetic compounds was determined by the Denis method by 

he ferrous ions and BHA as standards. In this strategy, samples of 

thanol solution (0.4 ml) in a solution of ferrous chloride (0.05 ml, 

 ml) were included in 25, 50, 75, and 100 μg / mL at concen-

rations. The reaction was initiated by the addition of ferrozine 

0.02 mL, 5 mM) and the total volume was made up to 4 mL in

thanol. The mixture was shaken vigorously and incubated at room 

emperature for 10 min and absorbance at 517 nm were estimated 

sing a UV–Visible spectrophotometer. The percentage of inhibi- 

ion of the ferrozine complex formation was determined using the 

ccompanying equation. 

 of Ferrous ion Chelating 

= 

Absorbance of Control − −Absorbance of Sample × [ 100 ] 

Absorbance of Control 

.4. Anticancer activity 

The anticancer activity of synthesized compounds were tested 

gainst three human cancer cell lines including MCF-7 (breast car- 

inoma), A-549 (lung carcinoma) and HeLa (Cervical carcinoma). 

he synthesized compounds were diluted to various concentra- 

ions (10, 5, 2.5 and 1.25 μg ML −1 ) in Dimethyl Sulfoxide (DMSO) 

nd assessed using 3-(4, 5-dimethyl-2-yl-2, 5-diphenyl tetrazolium 

romide (MTT assay). Anticancer activity was determined for cells 

reated with various concentrations of the titled compounds, the 

ntreated cells (negative control) and Doxorubicin (positive con- 

rol). A statistical significance was tested between sample and neg- 

tive control using independent t-test by SPSS 12 program. The 

oncentration of compounds required to kill half of the cell pop- 

lation (IC 50 ) were determined by non-linear regression analysis. 

ytotoxic activity was expressed as the mean IC 50 of three inde- 

endent experiments. 

.5. Anti-tuberculosis activity 

The anti-TB activity of the synthesized compounds were de- 

ermined as per reported method. The DMSO dissolved test com- 

ounds were further diluted in cation adjusted Mueller–Hinton 

roth (MHB) to a concentration of 256 mg/L. To each well of 

25 μL of MHB, 125 μl of each test solution were added to obtain 

28 mg/L starting concentration. A twofold serial dilution of test 

olutions of range 128–0.25 mg/L was prepared. Columbia blood 
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gar supplemented with 7% defibrinated horse blood was the used 

edia. Bacterial suspension with a turbidity of 0.5 on the MacFar- 

and scale was made in 0.9% NaCl solution and diluted to inoculum 

ensity of 5 × 10 5 cfu/mL. Each well was inoculated with 125 μL 

f inocula, except the blank. The plates were incubated at 37 °C 

or 72 h. The lowest concentration of test compounds that com- 

letely fail to produce macroscopic growth (MIC) were detected by 

ncubation at 35 °C for 20 min with 20 μL methanolic solution of 

etrazolium redox dye (MTT, 3.5 mg/mL). Tests were done in tripli- 

ates and ethambutol, isoniazid and rifampicin were used as posi- 

ive controls. 

.6. Molecular docking protocol 

All the synthesized ligands were subsequently prepared using 

hemdraw ultra 12 in CDX format. The ligands were converted into 

hree-dimensional structure by Minimize Energy to Minimum RMS 

radient of 0.100 in Chem3D ultra and saved as MDL, MolFiles. 

he molfile of ligands were then converted to smiles format us- 

ng Open Babel. The molecular docking studies were performed 

or PDBs: 6LZE and 6XFN the crystal structure of COVID-19 and 

ARS-CoV-2 (COVID-19) main proteases downloaded from the Pro- 

ein Data Bank ( https://www.rcsb.org ). Protein was prepared using 

IOVIA Discovery Studio Visualizer 2020 to define and edit bind- 

ng site after the preparation of protein and saved as PDB format. 

urther the ligands’ smiles format and prepared protein (PDB) have 

een imported into mcule (mcule.com: online drug discovery plat- 

orm) for molecular docking and the docked protein-ligands inter- 

ctions poses were downloaded for docking studies. 
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