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ABSTRACT

The recent global pandemic caused by COVID-19 has triggered an intense effort worldwide towards the
development of an effective cure for this disease. In our effort we have explored the 2-alkynyl substituted
3-chloropyrazine framework as a potential template for the design of molecules for this purpose. Our
strategy was supported by the in silico studies of representative compounds to assess their binding affini-
ties via docking into the N-terminal RNA-binding domain (NTD) of N-protein of SARS-CoV-2. Thus we
created a small library of molecules based on the aforementioned template via an environmentally safer
method that involved the rapid synthesis of 2-alkynyl 3-chloropyrazine derivatives under Cu-catalysis as-
sisted by ultrasound. The reactions proceeded via the coupling of 2,3-dichloropyrazine with commercially
available terminal alkynes in the presence of Cul, PPhs and K,;CO; in PEG-400. Further molecular mod-
elling studies helped in establishing a virtual SAR (Structure Activity Relationship) within the series and
identification of three potential hits. The desirable ADME was also predicted for these three molecules

suggesting their prospective medicinal value.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Since the beginning of global pandemic COVID-19 (coronavirus
disease 2019) [1], the world health and economy has received a
severe blow caused by the novel SARS-CoV-2. An astounding num-
ber of people have died in several countries so far [2] and the
number of cases of new infections are increasing exponentially ev-
ery day. The lack of effective vaccines and therapeutic drugs has
complicated the situation and allowed spreading of the SARS-CoV-
2 worldwide. In view of this urgent need in addressing the ongoing
global health problem efforts have been devoted via employing di-
verse approaches to identify effective therapeutics to fight against
SARS-CoV-2. In one of these approaches an immunomodulant as
well as anti-malaria drug chloroquine (A, Fig. 1) has been exam-
ined and the in vitro studies suggested that the drug might be ef-

* Corresponding author.
E-mail addresses: vbrmandava@yahoo.com (M.V.B. Rao),
manojitpal@rediffmail.com (M. Pal).

https://doi.org/10.1016/j.molstruc.2021.129981
0022-2860/© 2021 Elsevier B.V. All rights reserved.

fective in reducing viral replication in other infections, including
the SARS-associated coronavirus (CoV) and MERS-CoV [3,4]. An-
other drug hydroxychloroquine (a close analogue of A) is also being
explored as an experimental treatment for COVID-19 [5]. Recently,
the drug Favipiravir or T-705 (B, Fig. 1) is being explored for this
purpose in Japan, India etc. Chemically, Favipiravir is a pyrazine
based anti-influenza drug that causes selective inhibition of RNA-
dependent RNA polymerase of influenza virus [G]. The other agents
that are currently in clinical trials for SARS-CoV-2 mostly include
the protease inhibitors e.g. Indinavir, Saquinavir, Darunavir, ASC09,
Ritonavir and Lopinavir [7].

The use of nucleocapsid (N)-RNA binding domain as a tar-
get protein for the virtual screening of molecules towards find-
ing the potential hit molecules against human coronavirus (CoV-
0C43) was explored by Chang et al. [8]. This protein plays a key
role in the packing of viral RNA within the viral envelope into a
ribonucleoprotein (RNP) complex (called the capsid), a major part
of viral self-assembly and replication. Nevertheless, the quinoline
derivative (C, Fig. 1) was identified as the most promising com-
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Fig. 2. The 2-alkynyl substituted 3-chloropyrazine as a potential template to target
COVID-19.

pound that was subsequently verified by the experimental results
based on surface plasmon resonance (SPR) analysis. The crystallo-
graphic structure of molecule C bound with HCoV-0C43 was de-
posited. Recently, a crystallographic structure of Apo-Nucleocapsid
(RNA-binding domain) of SARS-CoV-2/COVID-19 (PDB: 6M3M) has
revealed the potential drug targeting sites [9]. However, efforts
towards identification of small organic molecule based inhibitor
against Nucleocapsid (N) of SARS-CoV-2 is rather uncommon.

As part of our ongoing research on identification of new and
potential agents for COVID-19 we decided to assess the potential
of N-heterocycle based library of small molecules for this purpose.
Consequently, compounds based on the template D (Fig. 2) at-
tracted our attention at the initial stage due to the following rea-
sons: (i) the chloro group and pyrazine ring was common in ex-
perimental drugs A and B (Fig. 1) and (ii) the alkyne substituent
has been a well-studied moiety in antiviral research [10,11].

Nevertheless, to validate our predictive rational for picking the
template D the related docking studies were carried out in sil-
ico. Firstly, we compared the N-protein of SARS-CoV-2 with HCoV-
0C43 both sequentially and structurally to realize the common
areas between them. While a 52 % sequence identity was noted
in the conserved region based on sequence alignment (see suppl
data) our main goal was to search for the secondary structure
(to reveal the structural pattern) common in them. Therefore, we
performed the secondary structure based sequence alignment (see
suppl data) using PRALINE web-tool [12] and pursued the struc-
tural comparison in PyMol [13] (Fig. 3). The RMSD was noted as
0.9 A only whereas the active site residues appeared as conserved.
While these data clearly recognized the binding site of SARS-CoV-
2 nucleocapsid protein however we carried out the computational
binding site prediction by using fconv program [14] for further val-
idation where the same binding cavity was noted with the volume
of 279.31 A3.

To evaluate the binding affinity of few selected molecules, e.g.
3¢, 3a and 3h (related to the template D but possess diversity in
the “R” group) along with C and B against N protein of SARS-CoV-
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Fig. 3. Structural alignment between RNA-binding domain of nucleocapsid protein
of SARS-CoV-2 and HCoV-0OC43. Active site residues are shown in stick representa-
tion.
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Fig. 4. Electrostatic surface representation of N-protein of SARS-CoV-2.

2, we conducted molecular docking study at the nucleotide bind-
ing (active) site. While structurally the template D was closer to
B however our main focus was comparing the docking results of
compounds based on D with C rather than B because C has been
reported to be the active molecule for the target pursued in the
current study. The protein (PDB: 6M3M) and test molecules were
prepared (e.g. energy optimization, charge calculation and addi-
tion of hydrogen etc.) using AutoDock tool [15] and all molecules
were docked using reliable open-source tool AutoDock Vina [16].
The binding energy of best pose of each molecule is presented in
Table 1. Notably, the hydrophobicity and electrostatic surface rep-
resentation was generated using UCSF Chimera [17] (Fig. 4) for fur-
ther understanding of the polarity and coulombic electrostatic po-
tential of the binding site (see the following figures). While a bal-
ance between hydrophilic and hydrophobic residues was evident in
case of N-protein and the binding site was somewhat hydrophobic
in nature however it's positive charge was essential for nucleotide
binding.
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Docking of molecules into N-terminal RNA-binding domain (NTD) of N-protein of SARS-

AutoDock Vina score
(Kcal/mol)

Table 1
CoV-2.2
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N Cl
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N Cl
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N F
N
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N Cl
3h
\/\N/\‘

C
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F\[Nj\)LNHZ
—
N~ "OH
B

2 Docking of each individual molecule was performed for 5 times and maximum dif-

ference in score was found to be +0.2.

It was evident from Table 1 that the binding energy of test
molecules especially 3a was nearly comparable with the known
inhibitor C (and better than B). This clearly suggested that com-
pounds based on framework D might interact with the nucleo-
capsid (N) of SARS-CoV-2 too. Indeed, the molecule 3c showed
(i) a pi-pi interaction with TYR110 and (ii) hydrophobic or VdW
contacts with hydrophobic region of polar residue/charged THR55,
SER52, ARG150 etc. and with hydrophobic residues like TYR112,
ALA51 etc (Fig. 5A). The role of cyclic side chain of 3c in the close
contacts mainly with residues THR55, ALA56, ALA51, TYR110 etc
is depicted in the mesh representation (Fig. 5B, see also Fig S-3
in suppl data file). Notably compound C showed hydrophobic con-
tacts mainly with residues ALA157, ARG150, THR55, ALA56, ARGS9,
TYR110 etc (for interaction diagram see Fig S-2 in suppl data file).
However, the most effective interactions were observed in case of
molecule 3a as evident from its binding energy (Table 1). The in-
teraction diagram (Fig. 6, see also Fig S-4 in suppl data file) indi-
cated that pyrazine ring of 3a was involved in a pi-pi interaction
with the residue TYR110, and a pi-cation interaction with ARG150.
Notably, both TYR110 and ARG150 are important residues in the
active site as per the crystallographic data of HCoV-0C43. Never-
theless, 3a also participated in the hydrophobic/VdW interactions
with residues ALA51, SER52, ALA91, ARG89, TYR112, PRO152 etc.
and the surface representation showed the closeness of contacts
towards those residues.

2. Results and discussion

The synthesis of alkynyl substituted pyrazine or related deriva-
tives have been carried out via the C-C bond forming reaction
under the conditions of Sonogashira type coupling [18-22]. Pre-
viously, we have also reported the synthesis of 2-alkynyl substi-
tuted 3-chloropyrazine via a selective mono alkynylation of 2,3-
dichloropyrazine (1) [23,24]. The combination of 10%Pd/C-Cul-PPh3
as a catalyst system, EtzN as a base and EtOH as a solvent was
employed in these reactions. The duration of these reactions was
2-4 h. Nevertheless, all these methodologies involved the use of
either a Pd catalyst alone or a combination of Pd and Cu salts. Fur-
thermore, in some of these cases the reactions were performed in
organic solvents (e.g. DMF, MeCN, THF etc) that are not environ-
mentally friendly. Because of all these reasons we became inter-
ested in exploring a more convenient and environmentally safer
method for the synthesis of compounds based on D (Fig. 2) in-
cluding 3a, 3c and 3h (Table 1). Thus the synthesis of 2-alkynyl
substituted 3-chloropyrazine derivatives (3) were undertaken via a
ultrasound assisted Cu-catalyzed coupling of 2,3-dichloropyrazine
(1) with commercially available terminal alkynes (2) (Scheme 1).
The methodology involved the use of PEG-400 as a solvent under
mild reaction conditions and does not require the use of any co-
catalyst. The details of this study are presented.
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Fig. 5. (A) 2D interaction diagram between compound 3c and N-protein of SARS-
CoV-2. (B) Mesh representation of N-protein followed by 3D interaction diagram.

The ultrasound irradiation being a useful alternative to the
conventional energy sources such as heat, light, or ionizing ra-
diation has found wide applications in organic synthesis. Indeed,
the ultrasound-assisted reactions have become popular approaches
particularly in the area of green and sustainable chemistry [25].
The key aspects of these approaches include (i) their environmen-
tally friendly nature (via minimization of waste generation) [26],
(ii) decreased energy requirements [27] and (iii) increased effi-
ciency and effectiveness. Indeed, these techniques allow access of
target compounds via employing shorter reaction time and milder
conditions at the same time increasing the product yields [28,29].
Being a high boiling, non-hazardous and polar solvent the PEG-
400 on the other hand has found applications in various chemi-
cal transformations. Indeed, it is considered as one of the environ-
mentally friendly solvents because of its easy recovery from the
reaction mixture and recyclability [30]. Thus the combination of
ultrasound (as an alternative source of energy) and PEG-400 (as a
greener solvent) appeared as an attractive strategy in organic syn-
thesis and hence we became interested in adopting this approach
in our current effort. It is worthy to note that while the Sono-
gashira coupling of iodoarene with terminal alkynes catalyzed by
Cul/PPh; (i) in PEG-water under microwave heating or reflux in oil
bath [31] (at 120 °C) or (ii) in water [32] (at 120 °C) or (iii) under
biphasic conditions [33] (water | organic substrates) have been re-
ported earlier, a similar coupling of chloropyrazine with terminal
alkynes under ultrasound is not common.

In order to find the optimized reaction conditions for the cou-
pling of 2,3-dichloropyrazine (1) with phenyl acetylene (2a) was
examined under a range of reaction conditions and the results are
summarized in Table 2. The reaction proceeded well when carried
out using 5 mol% Cul as a catalyst, 30 mol% PPhs as a ligand and
K,CO3 as a base in PEG-400 under ultrasound using a laboratory
ultrasonic bath SONOREX SUPER RK 510H model producing irradi-
ation of 35 kHz (entry 1, Table 2). However, the desired coupled
product 3a was obtained in low yield after 8h. The increase of Cul
loading to 10 and then 15 mol% improved the product yield to 49

Journal of Molecular Structure 1231 (2021) 129981

(A) PRO

152

TYR
| | 11
SER
52
I cl
ALA \ N

51 | SR
j—‘ 110
N /

(B)

Fig. 6. (A) 2D interaction diagram between N-terminal RNA-binding domain (NTD)
of N-protein of SARS-CoV-2 and compound 3a (where pi-pi and pi-cation interac-
tion shown in green and red line respectively), prepared in in Maestro visualizer
(Schrodinger, LLC). (B) Surface representation along with 3D interaction diagram
(where pi-pi and pi-cation interaction shown in cyan and green dashed line re-
spectively).

R
N_CI ))) N Z
[ /I + —R > [ _
N e Cul, PPhg N el
1 2 K,CO3 PEG-400 4
60°C,051h (R =alkyl anyl)

Scheme 1. Cu-catalyzed synthesis of 3-alkynyl substituted 2-chloropyrazines (3)
under ultrasound irradiation.

and 75%, respectively (entry 2 and 3, Table 2). Indeed, the reaction
was completed within 1h in case of entry 3. This result encouraged
us to continue our study for possibility of further improvement in
product yield. Hence the catalyst quantity was increased further
from 15 mol% to 20 mol% but no significant increase in yield of 3a
was observed (entry 4, Table 2). The use of other solvent e.g. EtOH
or n-BuOH (entry 5 and 6, Table 2) in place of PEG-400 or other
base e.g. EtsN (entry 7, Table 2) in place of K,CO5 did not improve
the product yield. The use of pure water as a solvent was not suc-
cessful as the partial hydrolysis of 1 was observed under the con-
ditions employed. We also examined the use of other Cu-catalysts
e.g. CuBr or CuCl in the present coupling reaction but these were
found to be less effective (entry 8 and 9, Table 2). Notably, the C-
C coupling did not proceed in the absence of a catalyst (entry 10,
Table 2) indicating key role played by the Cu-sat in the current
alkynylation method. Moreover, though the reaction proceeded in
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Table 2
Effect of reaction conditions on coupling of
2,3-dichloropyrazine (1) with terminal alkyne
P
)) ) ) N 4

N
Ph —m> [ P
Cu-cat, PPh, N™ °CI

N C
A
~
N C
1

2a base 3a
solvent
(2a)
Entry  Cu-cat (mol%) Base Solvent Time (h)  Yield®
1. Cul (5) K,CO3;  PEG-400 8 17
2. Cul (10) K,CO3;  PEG-400 4 49
3. Cul (15) K,CO3  PEG-400 1 71
4, Cul (20) K,CO3  PEG-400 1 73
5. Cul (15) K,CO3;  EtOH 1 65
6. Cul (15) K;CO;3  n-BuOH 1 64
7. Cul (15) EtsN PEG-400 4 58
8. CuBr (15) K,CO3;  PEG-400 4 43
9. CuCl (15) K,CO3;  PEG-400 4 30
10. No catalyst K,CO3 PEG-400 4 No reaction
11. Cul (15) K,CO3;  PEG-400 1 59¢
12. Cul (15) K,CO3;  PEG-400 4 474

2 All reactions were carried out using the chloro compound 1 (1 equiv.),
alkyne 2a (1 equiv.), a Cu-catalyst, PPh; (30 mol%) and base (2 equiv.) in a
solvent (5.0 mL) at 50 °C under ultrasound irradiation.

b Isolated yields.

¢ The reaction was performed in absence of PPhj

4 The reaction was performed in the absence of ultrasound.

the absence of ligand PPhs the product yield was not particularly
high (entry 11, Table 2). The reaction was also found to be less ef-
ficient in terms of product yield when carried out in the absence
of ultrasound (entry 12, Table 2). While the reaction temperature
was maintained at 50 °C during all reactions as mentioned above
the decrease and increase of temperature was examined. The re-
action did not proceed at lower temperature e.g. at 40 °C and no
improvement in product yield was observed at higher temperature
e.g. at 70 °C though the reaction progressed well at this tempera-
ture. Overall, the condition of entry 3 of Table 2 (i.e. the combina-
tion of Cul, PPh3 and K,CO3 in PEG-400 at 50 °C under ultrasound)
appeared to be optimum and was used for the preparation of ana-
logues of 3a.

A range of terminal alkynes (2) were employed to couple with
the chloro compound (1) under the optimized conditions. The
alkyne may contain a primary, secondary or tertiary hydroxyl
group or an aliphatic chain such as n-propyl, n-butyl, n-pentyl, n-
hexyl etc or an aryl group. The Cu-catalyzed C-C bond forming re-
action proceeded smoothly in all these cases affording the desired
coupled product in good to acceptable yield (Table 3). Notably, a
high yield of product was not observed in any of these cases be-
cause of the partial dimerization of the terminal alkyne used. The
dimerization of terminal alkynes to the corresponding diyne is of-
ten known to be a side reaction under the Sonogashira coupling
conditions and Cu-salts play a key role in such oxidative homocou-
pling (Glaser coupling) of terminal alkynes [34-36]. Furthermore,
the formation of bis-alkynylated product in some cases especially
in case of 3¢, 3e, 3j etc (though in trace quantity) perhaps de-
creased the yield of desired monoalkynylated product. Though the
use of reactant alkyne (2) was restricted to 1 equivalent to avoid
the formation of unwanted bis-alkynylated product however the
formation of side product could not be suppressed completely. Be-
cause of the low boiling point (i.e. 37-38 °C) of 3,3-dimethylbut-1-
yne a gradual evaporation of this alkyne was observed under the
reaction conditions employed and hence the use of higher quan-
tity of alkyne (1.5 equiv.) was necessary during the preparation
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Scheme 2. The proposed Cu-catalytic cycle for the ultrasound assisted coupling of
1 with 2.

of 3b. The partial hydrolysis of chloro compound 1 was also ob-
served in some cases thereby affecting the product yield. Never-
theless, all the 2-alkynyl substituted 3-chloropyrazine derivatives
(3) synthesized were characterized via the spectral ('H and 13C
NMR and Mass) data. The partial 'H and 13C NMR data of a rep-
resentative compound 3d is presented in Fig. 7. It is evident that
the methyl protons of t-butyl group appeared at 1.37 § in the 'H
NMR spectra whereas the C-5 and C-6 protons of the pyrazine ring
appeared at 8.24 and 8.43 §. The methyl carbons of t-butyl group
appeared at 30.3 ppm in the 13C NMR spectra whereas the carbon
bearing all these Me groups appeared at 28.4 ppm. The 13C NMR
signals at 75.5 and 108.8 ppm were due to the two sp-hybridized
carbons of alkyne moiety and the signal at 150.7 ppm was due
to the aromatic carbon bearing the chloro group. The presence of
alkyne moiety was further supported by the IR absorption near
2240 cm~ 1.

In the light of results of Table 2 and previous reports [31-33] a
proposed Cu-catalytic cycle depicting the coupling of 1 with 2 un-
der ultrasound irradiation is presented in Scheme 2. The interac-
tion of Cul with PPh; under ultrasound irradiation afforded the
Cu(l) complex (A) that was the actual catalytic species to catalyze
the C-C coupling. The complex A then interacted with the terminal
alkyne (2) in the presence of K,CO3 to give the intermediate E-
1 and KI. Next, the interaction of E-1 with the chloro compound
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Table 3

Synthesis of 3-alkynyl substituted 2-chloropyrazine derivatives (3)*" (Scheme 1).
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€1.5 equivalent of alkyne (3,3-dimethylbut-1-yne) was used in this case.

2 All reactions were carried out using the chloro compound 1 (1 equiv.), alkyne 2 (1 equiv.), Cul (15 mol%), PPhs (30 mol%) and K,COs3 (2 equiv.) in PEG-400 (5.0

mL) at 50 °C under ultrasound irradiation for 0.5-1h.
b Figure in the bracket represents isolated yield.

(1) produced a copper cluster (E-2) linked with both alkyne as
well as heteroarene moiety. The E-2 then in the presence of lig-
and and ultrasound afforded the desired product 3 and the Cu-
species E-3. On interaction with KI the E-3 regenerated the catalyst
A to complete the catalytic cycle. It was evident from the results
of Table 2 that the C-C coupling was accelerated significantly by
the ultrasound irradiation. This may be explained as follows: ul-
trasound generally causes the compression of the liquid and then
rarefaction (expansion) resulting in a sudden pressure drop that
forms small oscillating bubbles of gaseous substances. These bub-
bles with each cycle of the applied ultrasonic energy continue to
expand till they reach to an unstable size. Then the collision and
Jor violent collapse of these cavitation bubbles raise the local tem-
perature within the reaction medium. This promotes [37] the facile
crossing of energy barrier thereby faster conversion of reactants to
intermediates and subsequently to product(s) within a short reac-
tion time. The acceleration of various steps of Scheme 2 by ultra-
sound in this way explains the rapid formation of product 3 from
the reactants 1 and 2.

Having synthesized a library of molecules (3) based on D
(Fig. 2) we re-focused on assessing their binding affinities via dock-
ing into the N-terminal RNA-binding domain (NTD) of N-protein
of SARS-CoV-2 (PDB: 6M3M). The purpose of this study was to
gain some insights regarding the virtual SAR (Structure-Activity-
Relationship) within this series of compounds. The results are pre-
sented in Table 4 including that of Table 1 for head-to-head com-
parison and discussion. It was evident that most of the compounds
showed good to or moderate binding affinities (> 4.0 Kcal/mol) ex-
cept the compound 3e (for which the docking study was not per-
formed). The nature and size of the substituent (other than the
chloropyrazine moiety) attached to the alkyne moiety appeared to

Table 4
Docking of molecules into N-terminal RNA-binding
domain (NTD) of N-protein of SARS-CoV-2.?

Compound AutoDock Vina score (Kcal/mol)
3a -5.0
3b -4.5
3c -4.9
3d -4.5
3e n.d.
3f -4.2
3g -4.1
3h -4.4
3i -4.8
3j -4.2
3k -4.3
31° -4.5

Compound C*  -5.6
Compound B®  -4.3

n.d. = not done
2 See the footnote of Table 1.
b Reference compound (see Table 1).

have played a key role in binding affinities (> 4.0 Kcal/mol) ex-
cept the compound 3e (for which the docking study was not per-
formed). The nature and size of the substituent (other than the
chloropyrazine moiety) attached to the alkyne moiety appeared to
have played a key role in binding with the protein in silico (Fig. 8).
For example, the in silico study of less active compound 3g (Fig. 9)
indicated the absence of pi-pi interaction with TYR110. Moreover,
the butyl side chain in this case was not favorable in adopting the
proper orientation. Indeed, due to the hindrance caused by the
ARG150, PRO152 and ALA51 at the top site and limited flexibil-
ity of the butyl side chain, the molecule 3g could not adopt any
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Fig. 9. The 2D interaction diagram of compound 3g with N-protein of SARS-CoV-2.

other suitable orientation. In other words, the molecular volume
of ALA51, PRO152, and ARG150 (shown as spheres in Fig S-5, suppl
data file) was responsible for the probable clashes with the butyl
side chain. On the other hand, the compound 3i though possesses
a longer side chain (n-hexyl moiety) showed relatively better bind-
ing affinity. Indeed, because of its higher flexibility (e.g. total num-
ber of rotatable bond 6 vs 4 of compound 3g) the molecule could
adopt a favorable orientation at the active site and able to stack on
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Fig. 10. 2D interaction diagram of compound 3i and N-protein of SARS-CoV-2.

TYR110 that allowed its participation in a pi-pi interaction (Fig. 10).
Moreover, the steric hindrance caused by ALA51 and ARG150 was
avoided in this case due to the folding of alkyl chain to a different
direction (see Fig S-6, suppl data file). The molecule participated
in hydrophobic interactions with residues ALA51, ALA56, PHE54,
SER52, THR55, ARGS9, etc. It is worthy to mention that while the
pyrazine ring was involved in the pi-pi interaction in most of the
cases the chloro group was prominently involved in hydrophobic
contacts mainly with residues that were in close proximity. No-
tably, while the pi-interactions were missed in case of reference
compound C its participation in a number of effective hydropho-
bic contacts was reflected by its good binding affinity. Neverthe-
less, though none of the synthesized pyrazine derivatives (3a-1)
showed better binding affinities than C however several of them
were found to be better than Favipiravir (compound B) in terms of
binding affinities (Table 4). Indeed, Favipiravir showed fewer inter-
actions (e.g. a H-bond with the backbone atom of GLY117 at dis-
tance of 2.43A and some van der Waals | hydrophobic interaction
with residues THR50, ALA51, TYR112, THR149, and PRO118) when
docked into the N-protein of SARS-CoV-2 (see Fig S-7, suppl data).
Nevertheless, the compound 3a, 3¢ and 3i appeared as potential
agents for further studies.

Next, to gain some initial assessment about ADME (absorption,
distribution, metabolism, and excretion) or pharmacokinetic prop-

Table 5

Computational ADME prediction of 3a, 3c and 3i.
Properties Molecules
(i) Physicochemical 3a 3c 3i
Molecular Weight (g/mol)  214.65 236.70 222.71
Consensus Log P? 2.65 2.15 3.40
Log S (ESOL)" -3.53 (soluble)  -2.78 (soluble)  -3.86 (soluble)
(soluble)

(ii) Pharmacokinetics

GI¢ absorption High

P-gp? substrate No

Lipinski rule No violation
Veber rule No violation
Bioavailability score 0.55

High High

Yes No

No violation No violation
No violation No violation
0.55 0.55

@ Log P: Lipophilicity.

b Log S (ESOL): water solubility, calculated by ESOL method which is a Quantitative
Structure-Property Relationship (QSPR) based model.

¢ GI: Gastrointestinal.
d P_gp: permeability glycoprotein.
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erties of 3a, 3c and 3i in silico the computational ADME predic-
tion of these compounds was carried out using SwissADME web-
tool [38] (Table 5, among the various descriptors only notable one
are listed in the table). Indeed, this study predicted the desirable
ADME for all three compounds except 3c. The reason for predict-
ing 3c to be a substrate of P-gp was perhaps the presence of
hydroxycycloalkyl moiety. Nevertheless, besides their high GI ab-
sorption no violation of Lipinski or Veber rule was noted for all
these compounds that showed the bioavailability score 0.55. Over-
all, the compound 3a emerged as a potential hit molecule for
further evaluation towards the identification of prospective agent
against COVID-19. Currently, assessing the effect of 3a on the RNA-
binding affinity of nucleocapsid proteins by surface plasmon reso-
nance (SPR) experiment is being planned.

3. Conclusions

In conclusion, we have explored the 2-alkynyl substituted 3-
chloropyrazine framework as a potential template for the de-
sign of molecules targeting COVID-19. Initially the in silico eval-
uation was carried out using few representative molecules via
assessing their binding affinities against the N-terminal RNA-
binding domain (NTD) of N-protein of SARS-CoV-2. The promis-
ing results of this study triggered further assessment of these
molecules. Consequently, efforts were devoted to build a library
of molecules based on the designed framework. Thus, the target
molecules were synthesized via a Cu-catalyzed C-C bond forming
reaction under ultrasound irradiation. This rapid and environmen-
tally safer method allowed a convenient access to the 2-alkynyl
substituted 3-chloropyrazine derivatives via the coupling of 2,3-
dichloropyrazine with commercially available terminal alkynes in
the presence of Cul, PPh3 and K,CO3 in PEG-400. The methodology
was free from the use of bi-metallic salts as catalysts and furnished
the desired products in acceptable yields. Further in silico studies
of these compounds helped in establishing a virtual SAR (Structure
Activity Relationship) within the series and identification of three
potential hit molecules. The desirable ADME was also predicted for
these three molecules. Overall, besides describing a Cu-catalyzed
ultrasound assisted rapid and greener approach towards the syn-
thesis of 2-alkynyl 3-chloropyrazine derivatives the current study
also unveiled a prospective framework for the design and discov-
ery of new agents targeting COVID-19.
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