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a b s t r a c t 

In view of the recent global pandemic caused by COVID-19 intense effort s have been devoted world- 

wide towards the development of an effective treatment for this disease. Recently, PDE4 inhibitors have 

been suggested to attenuate the cytokine storm in COVID-19 especially tumour necrosis factor alpha 

(TNF- α). In our effort we have explored the 2-substituted pyrrolo[2,3- b ]quinoxalines for this purpose be- 

cause of their potential inhibitory properties of PDE-4 / TNF- α. Moreover, several of these compounds 

appeared to be promising in silico when assessed for their binding affinities via docking into the N - 

terminal RNA-binding domain (NTD) of N -protein of SARS-CoV-2. A rapid and one-pot synthesis of this 

class of molecules was achieved via the Cu-catalyzed coupling-cyclization-desulfinylation of 3-alkynyl-2- 

chloroquinoxalines with t -butyl sulfinamide as the ammonia surrogate under ultrasound irradiation. Most 

of these compounds showed good to significant inhibition of TNF- α in vitro establishing a SAR (Structure 

Activity Relationship) within the series. One compound e.g. 3i was identified as a promising hit for which 

the desirable ADME and acceptable toxicity profile was predicted in silico . 

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

Being pathogens with very long single-strained RNA the Hu- 

an Corona Viruses (HCoVs) are capable of causing a number of 

iseases via various pathogenic mechanisms. Indeed, due to the 

igher mutation rate of RNA viruses over DNA viruses they can un- 

ergo easy mutation thereby infecting various animal and human 

pecies. Among the six HCoVs such as HCoV-NL63 and HCoV-229E 

s Alpha-CoVs and HCoV-OC43, HCoV-HKU1, SARS-CoV and MERS- 

oV as Beta-CoVs reported till 2019 end the SARS-CoV (Severe 

cute respiratory syndrome Corona Virus) and MERS-CoV (Mid- 

le East respiratory syndrome Corona Virus) were identified as the 

ost aggressive HCoVs that may cause severe and fatal respiratory 

nfections and / or multi-organ failure [ 1 , 2 ]. The outbreak of SARS-

oV-1 was initially witnessed in southern China during 20 02-20 03 

nd re-emerged in Guangdong province of China in December 
∗ Corresponding authors. 

E-mail addresses: vbrmandava@yahoo.com (M.V.B. Rao), 

anojitpal@rediffmail.com (M. Pal). 

h

T

m

R

ttps://doi.org/10.1016/j.molstruc.2020.129868 

022-2860/© 2020 Elsevier B.V. All rights reserved. 
003. While the outbreak of MERS-CoV occurred in 2012 in Jed- 

ah of Saudi Arabia the SARS-CoV-2 caused a global outbreak dur- 

ng 2019-2020 called “COVID-19” (coronavirus disease 2019) [3] re- 

ulting in a severe blow to the world health and economy. A large 

umber of people have died in various countries till date and the 

umber of new infections are increasing exponentially every day 

4] . Due to the lack of definitive vaccines and therapeutic drugs 

here was an urgent need in devoting efforts to identify effective 

herapeutics via employing diverse approaches. Accordingly, an im- 

unomodulant as well as anti-malaria drug chloroquine ( A , Fig 1 ) 

as examined and the in vitro studies [5] indicated its effective- 

ess against SARS-CoV and MERS-CoV [ 6 , 7 ]. A close analogue of A

.e. the drug hydroxychloroquine was also explored as an experi- 

ental treatment for COVID-19 [8] . Favipiravir or T-705 ( B , Fig. 1 ),

he first approved drug in China [9] and explored in Japan, India 

tc is a pyrazine based anti-influenza drug that causes selective in- 

ibition of RNA-dependent RNA polymerase of influenza virus [10] . 

he other agents that are currently in clinical trials for SARS-CoV-2 

ostly include Remdesivir, Indinavir, Saquinavir, Darunavir, ASC09, 

itonavir, Lopinavir etc [11] . 

https://doi.org/10.1016/j.molstruc.2020.129868
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Fig. 1. Example of drugs and agents that were explored against coronavirus. 

Fig. 2. Previously and currently explored quinoxaline derivatives E and F as poten- 

tial ligands for N-protein of SARS-CoV-2 in silico . 
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Table 1 

The binding energies of molecules 3a-j and C with the SARS-CoV-2 N-terminal RNA 

binding domain residues. 

 
3a 

 
3b 

 
3c 

 
3d 

 
3e 

 
3f 

 
                    3g 

 
3h 

 
3i 3j 

Molecules Estimated Total Energy (kcal/mol) 

GEMDOCK DOCKTHOR SWISSDOCK 

3a -78.86 -7.84 -6.40 

3b -78.42 -7.77 -6.17 

3c -86.05 -8.12 -6.85 

3d -86.00 -7.83 -6.91 

3e -68.90 -7.68 -6.37 

3f -73.11 -7.23 -6.11 

3g -72.08 -7.94 -6.18 

3h -64.23 -7.44 -6.19 

3i -89.37 -7.94 -6.33 

3j -85.33 -8.10 -6.98 

C -81.02 -6.90 -6.75 
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The SARS-CoV possess a membrane comprising of four viral 

roteins [e.g. spike glycoprotein (S), membrane glycoprotein (M), 

ucleocapsid proteins (N) and an envelope protein (E)] that play a 

ey role during the host cell entry and viral morphogenesis and 

elease of S-glycoprotein on the virus surface for attaching the 

irus to a host receptor i.e. ACE-II [12] . In 2016, the nucleocap- 

id (N)-RNA binding domain was explored as a target protein for 

he virtual screening of molecules towards the identification of po- 

ential hits against human coronavirus (CoV-OC43) [13] . Accord- 

ngly, the quinoline derivative ( C , Fig. 1 ) was identified as the most

romising hit and the crystallographic structure of C bound with 

CoV-OC43 was deposited. Recently, a crystallographic structure of 

po-nucleocapsid (RNA-binding domain) of SARS-CoV-2/COVID-19 

PDB: 6M3M) has revealed the potential drug targeting sites [14] . 

n earlier study using HCoV-OC43 as a model for CoV (in 2014) 

ou et al presented the 3D structure of HCoV-OC43 N-terminal do- 

ain (N-NTD) complexed with ribonucleoside 5 ′ -monophosphates 

o identify a distinct ribonucleotide-binding pocket [15] . Indeed, 

 new inhibitor PJ34 ( D , Fig. 1 ) was identified by targeting this

ocket through virtual screening and the crystal structure of the N- 

TD–PJ34 complex was determined. Nevertheless, efforts towards 

dentification of small organic molecule based inhibitor against nu- 

leocapsid (N) of SARS-CoV-2 is rather uncommon. In our ear- 

ier effort we have explored alkynyl substituted chloroquinoxaline 

erivatives E ( Fig. 2 ) as potential ligands for N-protein of SARS- 

oV-2 in silico [16] . In further continuation of this research we be- 

ame interested in exploring the related 2-substituted pyrrolo[2,3- 

 ]quinoxalines F ( Fig. 2 ) as potential agents for COVID-19. Notably, 

everal of these compounds showed high inhibition ( > 90% at 30 

M) of PDE4B (phosphodiesterase 4B) in vitro previously though 

he assay results remained inconclusive due to the interference 

aused by the direct luciferase inhibition of these compounds [17] . 

ecently the PDE4 inhibitors, known treatment for asthma, chronic 

bstructive pulmonary disease (COPD), psoriasis etc have been pre- 

icted to be a valuable therapeutic option for COVID-19 ( Fig. 2 ) 

ue to their upstream inhibition of multiple cytokine signaling 

athways along with the regulation of the pro-inflammatory/anti- 

nflammatory balance [18] . Indeed, because of targeting an early 

tage inflammatory response and ameliorating lung inflammation, 

DE4 inhibitors might be effective for the initial phase of COVID-19 
2 
neumonia prior to the onset of cytokine storm and severe multi- 

rgan dysfunction [19] . 

. Results and discussion 

To validate our predictive rational in favor of selecting the tem- 

late F the related docking studies were carried out in silico . The 

GEMDOCK version 2.1 software [20] (a graphical automatic drug 

esign system for docking, screening and analysis) was used for 

his purpose. It is a program for computing ligand conformation 

nd orientation relative to the active site of the protein. The i n 

ilico docking simulation studies were performed to evaluate the 

olecular interactions of a series of compounds e.g. 3a-j derived 

rom F along with the reference compound C ( Fig 1 ) with the

ARS-CoV-2 nucleocapsid protein N-terminal RNA binding domain 

PDB: 6M3M). The corresponding binding energies and the inter- 

ction diagrams are presented in Table 1 and 2 , respectively. No- 

ably, the results obtained via iGEMDOCK were further validated 

sing the two other docking programs such as DOCKTHOR [21] and 

WISSDOCK [22] ( Table 1 ). 
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Table 2 

The interaction diagrams (ribbon representation) of molecules 3a-j and the reference compound C with the SARS-CoV-2 N-terminal 

RNA binding domain residues. 

3a 3b 3c

3d 3e
3f

3g 3h
3i

3j
C

∗The box indicates compounds with similar binding modes into the target protein. The circle indicates a different binding site for the 

reference compound C . 
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Among the compounds examined ( Table 1 ) the molecule 3c, 

d and 3j showed superior binding energies across all three 

ocking programs i.e. GEMDOCK, DOCKTHOR and SWISSDOCK 

sed whereas 3i and 3g showed encouraging results in case of 

EMDOCK and DOCKTHOR. Moreover, the interaction diagrams 

 Table 2 ) indicated 3c, 3d, 3i and 3j had similar docking pose in

he same site of the target protein. These molecules also showed 

imilar docking interactions with the residues TYR71, LYS75 and 
3 
RP80 ( Table 3 ). Indeed, the nitrogen of the central fused ring 

as involved in the H-bonding interaction with TRP80 in all 

hese cases whereas π- π interactions was observed with TYR71 

nd LYS75 in most of the cases. The 2D and 3D interaction dia- 

ram of compound 3c and 3i with SARS-CoV-2 nucleocapsid pro- 

ein N-terminal RNA binding domain is shown in Fig 3 (see the 

uppl data for interaction diagram with other molecules). Over- 

ll, these molecules showed similar interactions with the residues 
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Fig. 3. 2D and 3D interaction diagram of SARS-CoV-2 nucleocapsid protein N-terminal RNA binding domain with (A) compound 3c and (B) compound 3i . 

Table 3 

The residues of the binding site involved in the interaction with 

the selected molecules. 

Compounds Binding site interacting residues a 

3c TYR71, LYS75, TRP80 

3d TYR71, LYS75, TRP80 

3g LYS18, TYR71, TRP80 

3i TYR71, LYS75, TRP80 

3j ASP16, TYR71, LYS75, TRP80 

C TRP5, THR96 , ASP92 , ASN101 

a The underlined residue was involved in H-bonding interac- 

tion. 
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n the active site and their binding energies fall in the similar 

ange. 

In the light of usefulness of pyrrolo[2,3- b] quinoxaline deriva- 

ives as potential ligands for SARS-CoV-2 it was desirable to 
4 
xpedite their convenient access for further study. The known 

ynthesis of pyrrolo[2,3 -b ]quinoxaline derivatives [ 23 , 24 , 25 ] in-

lude the Pd-mediated intramolecular ring closure of 2-alkynyl- 

-trifluoroacetamidoquinoxalines [24] or action of amines on 2- 

hloro-3-alkynylquinoxalines [25] . In our earlier effort the 2- 

ubstituted pyrrolo[2,3 -b ]quinoxalines having free NH were pre- 

ared directly via the Cu-catalyzed coupling-cyclization of 3- 

lkynyl-2-chloroquinoxalines with methanesulfonamide in a single 

ot [17] . While the methodology afforded the desired products in 

ood yields the duration of the reaction was 4-8h. It was there- 

ore desirable to establish a faster access to this class of com- 

ounds. The use of ultrasound irradiation is a well-known option 

n accelerating the reaction rate considerably thereby reducing the 

eaction time significantly. It is therefore not surprising that the 

ltrasound irradiation being a useful alternative to the conven- 

ional energy sources such as heat, light, or ionizing radiation has 
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Table 4 

Effect of catalysts/base on the coupling-cyclization of 1a to 3c . a 

Entry 2 ; Z = Time %Yield b 

1 2a ; MeSO 2 2 51 

2 2b ; PhSO 2 2 46 

3 2c ; p -MeC 6 H 4 SO 2 2 40 

4 2d ; t BuSO 1.5 67 

5 2d 1.5 32 c 

6 2d 2 68 

7 2d 4 49 d 

8 2d 1.5 30 e 

9 2d 1.5 36 f 

a All the reactions were carried out by using 1a (2.5 mmol), 2 (2.8 mmol), Cu(OAc) 2 (0.025 mmol) 

and Et 3 N (3.77 mmol) in DMF (3 mL) under ultrasound. 
b Isolated yield. 
c DBU was used in place of Et 3 N. 
d The reaction was performed under silent conditions. 
e The reaction was performed using 1.4 mmol of 2d . 
f The reaction was performed using 0.014 mmol of Cu(OAc) 2 . 
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Fig. 4. Partial representation of 1 H and 13 C NMR spectral data of compound 3e . 
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a

ound wide applications in organic synthesis [26-29] . Indeed, the 

ltrasound-assisted reactions have become common approaches in 

he area of green and sustainable chemistry [26] because of (i) 

heir environmentally friendly nature ( via minimization of waste 

eneration), [27] (ii) decreased energy requirements [28] and (iii) 

ncreased efficiency and effectiveness. Thus we became interested 

n adopting this approach in our current effort. 

Initially, we examined the reaction of 2-chloro-3- 

phenylethynyl)quinoxaline ( 1a ) with methanesulfonamide 

NH 2 SO 2 CH 3 ) ( 2a ) under ultrasound irradiation at 80 °C with-

ut altering the other reaction conditions used earlier [17] . The 

eaction was carried out in the presence of Cu(OAc) 2 and Et 3 N 

n DMF using a laboratory ultrasonic bath SONOREX SUPER RK 

10H model producing irradiation of 35 kHz (entry 1, Table 4 ). 

hile the reaction was completed within 2h the yield of desired 

roduct 3c was not particularly high. The yield was not improved 

hen 2a was replaced by other sulfonamides such as benzene 

ulfonamide ( 2b ) (entry 2, Table 4 ) or p -toluene sulfonamide 

 2c ) (entry 3, Table 4 ). Notably, the product yield was increased

onsiderably when t -butyl sulfinamide (racemic) ( 2d ) was used 

entry 4, Table 4 ) and the reaction was completed within 1.5 h. 

ncouraged by this observation we continued the optimization 

tudies. However, change of base from Et 3 N to DBU decreased to 

roduct yield (entry 5, Table 4 ) whereas increase of reaction time 

id not improve the yield significantly (entry 6, Table 4 ). The reac- 

ion was also performed under silent conditions (entry 7, Table 4 ). 

hile the coupling-cyclization proceeded under this condition the 

roduct 3c was isolated in inferior yield even after 4h. All these 

eactions were carried out using slight excess of stoichiometric 

mount of 2 . In order to understand the role of sulfinamide the 

eaction was carried out using half equivalent of 2d when the 

eaction did not reach to the completion affording 3c in inferior 

ield (entry 8, Table 4 ). Further, these reactions were catalyzed 

y 1 mol% of Cu(OAc) 2 whereas decrease in catalyst quantity was 

ound to be counterproductive (entry 9, Table 4 ). Similarly, the 

ffect of quantity of base i.e. 1.5 equivalent of Et 3 N used was also

xamined and was found to have negative impact on the product 

ield when used in decreased quantity i.e. 1 equivalent or less. 

otably, while the current coupling-cyclization-desulfinylation was 

b

5 
ound to be insensitive to the presence of air however maintaining 

he anhydrous atmosphere was necessary in order to avoid the 

artial hydrolysis of the starting chloro derivative ( 1a ) as a side 

eaction. Thus the reaction does not require the use of any closed 

eaction vessel thereby avoiding the pressure development inside 

he vessel. Nevertheless, the condition of entry 4 of Table 1 ap- 

eared to be optimum for the preparation of 3c under ultrasound 

rradiation. 

The optimized reaction conditions were then used to prepare 

ll the target compounds 3c-j ( Table 1 ) and results are presented 

n Table 5 . A range of 2-chloro-3-alkynyl quinoxaline derivatives ( 1 ) 

ere employed for this purpose and the ultrasound assisted reac- 

ion proceeded well in all these cases affording the correspond- 

ng 2-substituted pyrrolo[2,3 -b ]quinoxalines ( 3c-j ) in good to ac- 

eptable yield. Notably and expectedly, unlike the previous report 

17] the use of 2d did not afford the corresponding 1-alkylsulfonyl 

ubstituted analogues such as 3a and 3b ( Table 1 ) under the con- 

itions employed. Thus access of these compounds were made via 

he earlier non-sonochemical method [17] . Nevertheless, all the 

ynthesized pyrrolo[2,3 -b ]quinoxaline derivatives ( 3 ) were charac- 

erized by the spectral ( 1 H and 

13 C NMR and Mass) data. The par-

ial 1 H and 

13 C NMR data of a representative compound 3e is pre- 

ented in Fig 4 . It is evident that the methyl protons of t -butyl

roup appeared at 1.46 in the 1 H NMR spectra whereas the C-3 

roton and NH of the pyrrolo[2,3 -b ]quinoxaline ring appeared at 

.65 and 9.13 δ respectively. The methyl carbons of t -butyl group 

ppeared at 31.4 ppm in the 13 C NMR spectra whereas the car- 

on bearing all these Me groups appeared at 40.5 ppm. The 13 C 
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Table 5 

Ultrasound assisted synthesis of compound 3c-j . a 

1 ; R’, R = Time Product ( 3 ) %Yield b 

1a ; H, Ph 1.5 3c 67 

1b ; H, C 6 H 4 Me- p 1.5 3d 71 

1c ; H, t -Bu 2 3e 59 

1d ; H, CMe 2 OH 1.5 3f 63 

1e ; H, n-Bu 1.5 3g 73 

1f ; H, H 2 3h 60 

1g ; Me. Ph 4 3i 65 

1h ; Me, C 6 H 4 Me- p 1.5 3j 62 

a All the reactions were carried out by using 1 (2.5 mmol), 2d (2.8 mmol), Cu(OAc) 2 (0.025 mmol) 

and Et 3 N (3.77 mmol) in DMF (3 mL) under ultrasound. 
b Isolated yield. 
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Table 6 

Inhibition of TNF- α by compounds 3a-j . 

Molecules 

TNF- α inhibition 

% inhibition @ 10 μM IC 50 ( μM) 

3a 66.5 7.12 ±0.48 

3b 67.9 7.02 ±0.72 

3c 76.1 5.47 ±0.69 

3d 75.6 5.92 ±0.89 

3e 56.8 n.d. 

3f 62.4 7.58 ±0.55 

3g 61.7 7.45 ±0.37 

3h 53.6 n.d. 

3i 77.3 5.14 ±0.34 

3j 75.4 5.65 ±0.29 

Rolipram 97.7 0.91 ±0.02 

Thalidomide n.d. 198.91 ±6.32 

n.d. = not determined. 
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MR signals at 99.4 and 150.9 ppm were due to the C-3 and one 

f the ring junction carbon as shown in Fig 4 , respectively. The 

resence of NH moiety was further supported by the IR absorption 

ear 3200 cm 

−1 . 

Based on results of Table 2 and previous reports [ 17 , 30 ] a plau-

ible Cu-catalytic cycle depicting the ultrasound assisted coupling- 

yclization-desulfinylation of 1 with 2d is presented in Scheme 1 . 

he catalyst Cu(OAc) 2 participated in all three steps i.e. in the ini- 

ial C-N coupling followed by subsequent cyclization ( via formation 

f a second C-N bond) and then in the final N-S bond cleavage. In

he first catalytic cycle the chloro group of 1 was activated due 

o the coordination of the proximate nitrogen of the pyrrolo[2,3 - 

 ]quinoxaline ring with the Cu(II) species under ultrasound irradi- 

tion. Subsequent ultrasound assisted displacement of the chloro 

roup by the sulfinamide reactant 2d afforded the intermediate 

-1 with the release of Cu catalyst to complete the first catalytic 

ycle. The next catalytic cycle was initiated with the activation 

f the triple bond of E-1 by coordination to the Cu(II) species to 

orm the π-complex E-2 . The increased nucleophilicity of the sul- 

namide nitrogen in the form of corresponding anion generated in 

he presence of Et 3 N under ultrasound facilitated its intramolecu- 

ar nucleophilic attack to the metal-coordinated triple bond in an 

ndo-dig fashion. As a result the metal-vinyl species E-3 was gener- 

ted that upon subsequent in situ protonation afforded E-4 . Finally, 

he intermediate E-5 was generated from E-4 with the regenera- 

ion of Cu-catalyst thereby completing the second catalytic cycle. 

he conversion of E-5 to the product 3 involved the ultrasound 

ssisted cleavage of N-S bond facilitated by the Cu(II) species 

ia coordination with the oxygen atom of S = O group [31] (see 

cheme S-1, Supplementary data). In order to gain further evi- 

ence on the involvement of intermediate E-5 attempt was made 

o detect the formation of the corresponding compound i.e. 1-( t - 

utylsulfinyl)-2-phenyl-1 H -pyrrolo[2,3-b]quinoxaline. Indeed, this 

ompound was detected and isolated in low yield when the re- 

ction of entry 4 of table 4 was stopped after 45 min. The dis-

ppearance of this compound from the reaction mixture on fur- 

her progress of the reaction clearly indicated intermediacy of 

-5 in the current transformation. Notably, we failed to isolate 

he alkyne derivative corresponding to E-2 even after several at- 

empts perhaps due to its high reactivity under the conditions 

mployed. 

In view of the fact that inhibition of PDE4 may attenuate the 

ytokine storm in COVID-19 (through the upstream inhibition of 
6 
ro-inflammatory molecules) particularly tumour necrosis factor 

lpha (TNF- α) [19] we examined the TNF- α inhibitory potential of 

ll the synthesized compounds ( 3a-j ) in vitro . All the compounds 

ere tested initially at 10 μM concentration and the known TNF- 

inhibitors rolipram [32] and thalidomide [33] was used as refer- 

nce compounds in this assay ( Table 6 ). While most of the com- 

ounds showed good to significant inhibition of TNF- α the com- 

ound 3c, 3d, 3i and 3j appeared to be promising (inhibition > 

0%) among them. Besides, 3a, 3b, 3f and 3g were also found to 

e effective (inhibition > 60%). The nature and size of the sub- 

tituent attached to the pyrrolo[2,3 -b ]quinoxaline ring at C-2 posi- 

ion appeared to have played a key role in the inhibition of TNF- α
 Fig 5 ). The effectiveness of substituents was found to be in the or-

er aryl moiety > long chain alkyl / hydroxyl alkyl > H / t -butyl.

hile the “Me” group was found be marginally better than “H”

t C-5 position however activity was decreased when “H” was re- 

laced by “MeSO 2 ” group at N-1 position. Nevertheless, except 3e 

nd 3h (inhibition < 60%) the IC 50 values of rest of the compounds 

ere determined ( Table 6 ). Accordingly, the compound 3i with IC 50 

5.14 ± 0.34 μM ( Fig. 6 ) was identified as the most potent in-

ibitor among them. While 3i was not better than the reference 

ompound rolipram however it was found to be superior to an- 

ther known inhibitor thalidomide ( Table 6 ). 

Next, an initial assessment about ADME (absorption, distribu- 

ion, metabolism, and excretion) or pharmacokinetic properties of 

ompound 3i along with the two other compounds 3c and 3j was 
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Fig 5. SAR summary of TNF- α inhibition of compound 3 . 

Fig. 6. Concentration dependent inhibition of TNF- α by the compound 3i . 
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Scheme 1. The proposed Cu-catalytic cycle for the ultrasound assisted coupling- 

cyclization of 1 with 2d . 
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arried out using Swiss ADME web-tool [34] and results are sum- 

arized in Table 7 (among the various descriptors only notable 

ne are listed in the table). The desirable ADME was predicted for 

ll the compounds including the high GI absorption. Indeed, a good 

o acceptable bioavailability (LogP > 3) (i.e. reasonable permeabil- 

ty through cell membranes and achieving required concentration 

t the site of interaction) is also predicted for these compounds. 

otably, none of these compounds showed violation of Lipinski or 

eber rule. Finally, to gain some initial idea about potential tox- 

city of the identified hit 3i the toxicity prediction of this com- 

ound was carried out using the pkCSM web-tool [35] ( Table 8 ). 

hough the predicted AMES toxicity (mutagenicity or genetic tox- 
Table 7 

Computational ADME prediction of 3c, 3i and 3j . 

Properties Molecules 

(i) Physicochemical 3c 3i

Molecular Weight (g/mol) 245.28 25

Consensus Log P a 3.23 3.

Log S (ESOL) b -4.01 (Moderately soluble) -4

(ii) Pharmacokinetics 

GI c absorption High H

P-gp d substrate yes Ye

(iii) Druglikenss 

Lipinski rule No violation N

Veber rule No violation N

Bioavailability score 0.55 0.

a Log P: Lipophilicity. 
b Log S (ESOL): water solubility, calculated by ESOL method whi

based model. 
c GI: Gastrointestinal. 
d P-gp: permeability glycoprotein. 

7 
city) could be a possible concern the molecule was predicted to 

e safe in terms of hepatotoxicity, hERG I (human ether-a-go-go) 

nhibition, skin sensitisation etc. The molecule also appeared to 

e safe from the view point of predicted value of oral rat acute 

nd chronic toxicity. Thus the molecule 3i may have medicinal 

alue and deserves further evaluation towards the identification of 

rospective agent against COVID-19. 
 3j 

9.31 273.33 

61 3.89 

.47 (Moderately soluble) -4.58 (Moderately soluble) 

igh High 

s No 

o violation No violation 

o violation No violation 

55 0.55 

ch is a Quantitative Structure-Property Relationship (QSPR) 
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Table 8 

Predicted toxicities of compound 3i . 

Property Predicted Value Unit 

AMES toxicity Yes Categorical (Yes/No) 

Max. tolerated dose (human) 0.223 Numeric (log mg/kg/day) 

hERG I inhibitor No Categorical (Yes/No) 

hERG II inhibitor Yes Categorical (Yes/No) 

Oral Rat Acute Toxicity (LD 50 ) 2.525 Numeric (mol/kg) 

Oral Rat Chronic Toxicity (LOAEL) 0.902 Numeric (log mg/kg_bw/day) 

Hepatotoxicity No Categorical (Yes/No) 

Skin Sensitisation No Categorical (Yes/No) 

T.Pyriformis toxicity 0.314 Numeric (log ug/L) 

Minnow toxicity -0.362 Numeric (log mM) 
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. Conclusions 

In conclusion, we have explored the 2-substituted pyrrolo[2,3- 

 ]quinoxalines as potential agents against COVID-19. Several of 

hese compounds appeared to be promising in silico when 

ssessed for their binding affinities via docking into the N - 

erminal RNA-binding domain (NTD) of N -protein of SARS-CoV- 

. A rapid synthesis of this class of molecules was achieved via 

he Cu-catalyzed coupling-cyclization-desulfinylation of 3-alkynyl- 

-chloroquinoxalines with t -butyl sulfinamide as the ammonia sur- 

ogate under ultrasound irradiation. This one-pot method afforded 

he desired products in good yield, better than that of the previ- 

usly reported method. Two N-sulfonyl analogues were also ac- 

essed via the reported method. Most of these compounds showed 

ood to significant inhibition of TNF- α in vitro establishing a SAR 

Structure Activity Relationship) within the series. In general the 

 -sulfonyl analogues were found to be less effective than the 

yrrolo[2,3- b ]quinoxalines having free NH group. One of the three 

est active compounds i.e. 3i was identified as a promising hit for 

hich the desirable ADME and acceptable toxicity profile was pre- 

icted in silico . The compound 3i deserves further evaluation to- 

ards the identification of a prospective agent against COVID-19. 
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