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The 2019 global pandemic caused by the SARS-CoV-2 corona
virus continues to spread around the world. As of May 3, 2023, 
over 765 million people have been infected and 6.9 million have 
already died.1 The SARS-CoV-2 genome is a single-stranded 
positively charged RNA.2 Like other coronaviruses, SARS-CoV-2 
synthesizes various viral enzymes and proteins necessary for virus 
entry, replication, and pathogenesis, including structural and non-
structural proteins that can be used as targets for chemotherapeutic 
effects.3 SARS-CoV-2 is highly pathogenic in the elderly and 
those with high risk factors and can develop into severe, life-
threatening acute respiratory distress syndrome.4 Several anti-
SARS-CoV-2 drugs (remdesivir, molnupiravir and nirmatrelvir) 
have shown clinical efficacy in the early stages of COVID-19 
infection.5–7 However, as new variants of the virus with different 
mutations in the genome appear, resistance to antiviral drugs 

develops. For this reason, the search for new, more effective 
inhibitors of SARS-CoV-2 replication is relevant.8,9

Some uracil derivatives of non-nucleoside type have 
previously been found to inhibit viral polymerases. These 
compounds inhibit HCMV,10,11 VZV,10,11 HIV12,13 and HCV14 
replication. Recently, we have found a moderate activity of 
N1,N3-disubstituted uracil derivatives against SARS-CoV-2 
in  vitro.15 In this work, we synthesized new uracil derivatives 
and evaluated their antiviral activity against SARS-CoV-2 
in vitro in order to determine their potential for further study as 
new antiviral agents blocking SARS-CoV-2 infection.

The synthesis of the target compounds (Scheme 1) was 
started with the reflux of 2,4-bis(trimethylsilyloxy)pyrimidine 1 
with benzylic bromides 2 in 1,2-dichloroethane for 24 h, as 
described previously,10,13 to afford 1-(4-aryloxybenzyl)uracil 
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Anti-SARS-CoV-2 agents
New title uracil derivatives, 4-{3-[2,6-dioxo-3-(4-aryl
oxybenzyl)-3,6-dihydropyrimidin-1(2H)-yl]propoxy}benzoic 
acids and their butoxy homologues, were obtained in three 
steps using 2,4-bis(trimethylsilyloxy)pyrimidine, 4-aryloxy
benzyl bromides and methyl 4-(www-bromoalkoxy)benzoates 
as  the key reactants. The compounds were studied as 
inhibitors of H1N1 influenza virus and SARS-CoV-2 
replication in MDCK and Vero E6 cell cultures, respectively, 
which revealed that the tested compounds had high levels of 
anti-SARS-CoV-2 activity.
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Scheme  1  Reagents and conditions: i, 1,2-dichloroethane, D, 24 h; ii, K2CO3, DMF, 80 °C; iii, NaOH, EtOH–H2O, then HCl (aq.). 
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derivatives 3a–d. These derivatives were then treated with 
methyl 4-(w-bromoalkoxy)benzoates 4a,b. The thus formed 
intermediate methyl esters of acids 5 (R' = Me) were subjected 
to alkaline hydrolysis,13 which upon acidification liberated the 
corresponding target 4-substituted benzoic acids 5a–e (R' = H, 
see Scheme 1). 

The antiviral activity of compounds 5a–e against SARS-
CoV-2 was determined in the system of infected green monkey 
kidney cells Vero E6, one of the most permissive cell lines.16 The 
cells were infected with the virus at a low multiplicity of infection 
(MOI 0.1) by incubation with virions for 2 h, after which the 
culture medium was replaced with a fresh one without virus, but 
containing substances at a concentration 10 µm. The levels of 
virus replication were determined by measuring the number of 
virions in a conditioned medium by detecting SARS-CoV-2 
genomic RNA by reverse transcription and real-time PCR. 

The results presented in Table 1 show that all tested 
compounds exhibited a high level of anti-SARS-CoV-2 activity, 
significantly exceeding the anti-SARS agents such as 
molnupiravir and 4-N-hydroxycytidine. These compounds did 
not have a toxic effect on Vero E6 cells at concentrations up to 
50 µm. Compounds 5a–d showed the similar level of suppression 
of SARS-CoV-2 replication in Vero E6 cell culture. At the same 
time, compound 5e turned out to be an order of magnitude less 
active than its lower homologue 5d. Apparently, the length of the 
polymethylene bridge connecting uracil and benzoic acid 
residues is of great importance in establishing anti-SARS-CoV-2 
activity, and elongation of the bridge from three methylene units 
to four leads to a decrease in antiviral properties.

In addition, the compounds have been investigated as potential 
inhibitors of influenza virus replication. This was done in a 
culture of MDCK cells infected with influenza A virus  
strain A/California/7/2009 (H1N1)pdm09, followed by activity 
determination by analysis of its cytopathogenic effect.17 
However, none of the substances showed appreciable activity at 
concentrations up to 50 µm (data not provided).

In conclusion, the synthesis of new uracil-containing 
derivatives of benzoic acids was carried out, and the compounds 
of this series showed a high level of anti-SARS-CoV-2 activity 
in  vitro. The results obtained can serve as the basis for the 
creation of a drug for the treatment and prevention of coronavirus 
infections.

The work was supported by the state task ‘Nucleic bases 
derivatives as inhibitors of SARS-CoV-2 replication’.
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Table  1  Anti-SARS-CoV-2 activity of compounds 5a–e in cell culture 
Vero E6.

Compound EC50 /µma EC90/µm EC99/µm CC50/µmb SIc

5a 0.016 0.039 0.145   > 50 > 3125
5b 0.017 0.040 0.133   > 50 > 2941
5c 0.018 0.043 0.145   > 50 > 2778
5d 0.016 0.041 0.163   > 50 > 3125
5e 0.148 0.220 0.387   > 50   > 338
Molnupiravir 0.318 – –   > 50   > 167
4-N-Hydroxy- 
cytidine

5.319 – – > 100     > 19 

a The effective concentration required to reduce the formation of viral 
plaques by 50%. b Cytotoxic concentration required to reduce cell growth by 
50%. c Selectivity index, ratio CC50/EC50.




