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ABSTRACT 

Respiratory syncytial virus (RSV) and influenza A virus (IAV) are two of the most 

common viruses that cause substantial morbidity and mortality in infants, young 

children, elderly persons, and immunocompromised individuals worldwide. Currently, 

there are no licensed vaccines or selective antiviral drugs against RSV infections and 

most IAV strains become resistant to clinical anti-influenza drug. Here, we described 

the discovery of a series of 2-((1H-indol-3-yl)thio)-N-phenyl-acetamide as novel and 

potent RSV and IAV dual inhibitors. Thirty-five derivatives were designed, prepared, 

and evaluated for their anti-RSV and anti-IAV activities. Among the tested 

compounds, 14’c, 14’e, 14’f, 14’h, and 14’i exhibited excellent activity against both 

RSV and IAV, which showed low micromolar to sub-micromolar EC50 values. Further, 

compounds 14’c and 14’e were identified as the most promising dual inhibitors with 

lesser cytotoxicity than the clinical drug, ribavirin. These findings may contribute to 

the development of a lead compound for the treatment of RSV and/or IAV infections. 

 

Keywords: 2-((1H-indol-3-yl)thio)-N-phenyl-acetamide; respiratory syncytial virus; 

influenza A virus; dual inhibitors 

  



1. Introduction 

Pneumonia is the leading cause of death for children under 5 years-old and accounts 

for approximately 15% of total deaths in this age spectrum worldwide [1-3]. With the 

availability of vaccines, the infection rate of Streptococcus pneumoniae 

(pneumococcus) and Haemophilus influenzae type b has decreased, and viruses have 

become the main pathogen of acute respiratory infections including pneumonia [4]. 

Respiratory viruses are considered to be major contributors to acute respiratory 

infections in children and are associated with almost 60% of acute respiratory 

infections (ARIs) [4]. The most frequently reported viruses include respiratory 

syncytial virus (RSV), Influenza A and B viruses (IAV, IBV), human rhinovirus 

(HRV), parainfluenza viruses (PIVs), and adenovirus (ADV), which are responsible 

for most episodes of ARIs in children. 

 

RSV is a negative stranded non-segmented RNA virus of the pneumovirus family. To 

add, it is the most common respiratory virus in infants, young children, elderly 

persons, and immunocompromised persons worldwide [5]. RSV is the leading cause of 

hospitalization for infants, especially those born premature or with chronic lung or 

heart disease [6, 7]. Almost all infants are infected at least once by RSV by the age of 

three, and severe lower respiratory tract infection by RSV is estimated to be the cause 

of ∼3.4 million hospitalizations and ∼200,000 deaths worldwide [8]. RSV infection 

has also been associated with a greater risk of long-term development of recurrent 

wheezing and asthma in children [9]. Despite the substantial economic impact and the 



medical needs associated with severe viral infection, neither vaccines nor a specific 

antiviral therapy is currently available for RSV infection [10]. Instead, treatment 

therapy is limited to the non-specific antiviral drug, ribavirin (Figure 1), which is 

teratogenic and displays limited efficacy. The monoclonal antibody, palivizumab, has 

demonstrated effectiveness as prophylaxis in infants who are premature or have 

underlying comorbidities [11]. To add, some candidates, such as lumicitabine 

(ALS-8176), presatovir (GS-5806), PC-786, JNJ-678, AK-0529, and TMC353121 

(Figure 1) are in clinical development as anti RSVs [12-17]. In RSV-infected 

hospitalized children under two years-old, higher viral loads on the third day after 

hospitalization have been linked to an increased requirement for intensive care and 

progression to respiratory failure [18]. This result suggests that early and efficacious 

therapeutics given to hospitalized children may improve downstream morbidity and 

reduce immunopathology therapeutics.  

 



Figure 1 Structure of ribavirin, a non-specific anti-viral drug, and candidates in anti-RSV clinical 

development.  

 

Influenza A virus (IAV) is a negative-stranded segmented RNA virus. IAV infection is 

one of the major causes of morbidity and mortality due to respiratory disease, and 

outbreaks of infection sometimes occur in worldwide epidemics. Influenza is 

estimated to be responsible for 291,000 to 646,000 deaths worldwide [19]. To add, IAV 

is responsible for most cases of epidemic influenza [20]. Infrequently, novel or 

reemerging strains of IAV have caused rapid and severe global pandemics, resulting in 

millions of fatalities. Influenza B virus (IBV) almost exclusively infects humans and 

is less common than IAV due to its lower genetic diversity. A degree of immunity to 

IBV is usually acquired at an early age. IAV is often associated with more-severe 

symptoms, morbidity, and mortality due to a greater genetic diversity typified by 

chromosomal reassortment between human and avian viruses [21]. Currently, there are 

only two main classes of antiviral drugs against influenza [22]: M2 ion channel 

inhibitors, also called adamantanes (amantadine and rimantadine); and neuraminidase 

inhibitors (oseltamivir and zanamivir) (Figure 2), to combat the spread of influenza A. 

However, most of the influenza A strains have become resistant to adamantanes, and 

strains resistant to oseltamivir and zanamivir have been reported [23, 24]. An urgent 

need therefore exists to discover and develop new anti-influenza antivirals. 
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Figure 2 Antiviral drugs against IAV in the clinic. 

 

Patients infected with either influenza virus or RSV can present similar early 

symptoms [25, 26]; however, the course of therapy and choice of antiviral agent differ 

for both viruses [21]. The lack of a reliable and fast bedside test to rapidly confirm the 

viral etiology makes it impossible to perform early administration of antiviral agent, 

which is an important step toward reducing drug use, especially in hospitalized 

children. Alternatively, discovering new active chemical entities against RSV and IAV 

is a simple and efficient strategy for rapid treatment of respiratory infections.  

 

In this work, we initially identified 29 compounds as potent RSV inhibitors using an 

rRSV-mGFP high-throughput screening assay. After considering toxicity, druggability, 

and feasibility of the synthesis of these compounds, compounds 1 and 2 were selected 

as candidates for further optimization (Figure 3). These compounds showed moderate 

to high inhibition (77.14% and 83.24% for 1 and 2, respectively) in a 

fluorescence-based assay with little or no toxicity to HEp-2 cells at 50 µM. 

 



 

Figure 3 RSV inhibitors 1 and 2 identified on rRSV-mGFP high-throughput screening platform.  

 

As these two candidates share the common scaffold of 2-((1H-indol-3-yl)thio) 

acetamide, we believe this fragment is crucial for RSV inhibition and thus, intend to 

introduce different substituent groups to increase their anti-viral potency. Firstly, a 

methyl group was introduced to the nitrogen-atoms of indole and a series of 

derivatives from compound 1 was designed and synthesized. Thereafter, thioethers 

were oxidized to sulfoxide and sulfone to yield 2 additional series of derivatives. 

Finally, methoxy-, chlorine atoms, or nitrogen atom was successfully introduced to 

the benzene ring in indole. These compounds were evaluated for their anti-RSV and 

anti-IAV activity. Encouragingly, these compounds depicted excellent to moderate 

activity toward these two viruses, with compounds 14’c, 14’e, 14’f, 14’h, and 14’i 

exhibiting excellent activity and low micromolar to sub-micromolar EC50 values. 

Among the compounds, 14’c and 14’e, and 14’f and 14’i were identified as the most 

promising dual inhibitors with lower cytotoxicity than the clinical drug, ribavirin. 

 

2. Materials and methods 

2.1. Experimental chemistry 

Reagents were purchased from commercial suppliers and used without further 



purification, unless otherwise noted. NMR spectra were recorded on Bruker Avance 

400 MHz (1H at 400 MHz) and 500 MHz (1H at 500 MHz, 13C at 125 MHz) 

spectrometer. Chemical shift values are given in ppm with reference to the internal 

standard, TMS (tetramethylsilane). The peak patterns are indicated as follows: s, 

singlet; d, doublet; t, triplet; q, quadruplet; m, multiple and dd, doublet of doublets. 

Coupling constants (J) are reported in hertz (Hz). LC-MS data were recorded on 

Agilent HPLC/MCD instrument. Silica gel column chromatography was performed 

over silica gel 200-300 mesh, and the eluent was a mixture of ethyl acetate and 

petroleum ether, or a mixture of methanol and dichloromethane. 

 

2.2. Inhibitor design and synthesis 

The structure of 2-((1H-indol-3-yl)thio) acetamide is considered to be a crucial moiety 

for the RSV inhibition effect, thus methyl-, methoxy-, chlorine or nitrogen atom was 

subsequently introduced to indole ring in this research.  

The target products were synthesized mainly by two routes. In the first route (Scheme 

1), the N-methyl substituted derivatives was obtained by the coupling of different 

anilines and 2-((1-methyl-1H-indol-3-yl)thio)acetic acid, which was prepared by the 

substitution of N-methyl indole in situ. The sulfur atom at position 2 of the indole ring 

can be oxidized to sulfoxide and sulfone by meta-chloroperoxybenzoic acid.  
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Scheme 1 Reagents and conditions: a). Thiourea, I2, KI, EtOH/H2O, 35-40oC; b). 

Bromoacetic acid, NaOH, NH2NH2·H2O, 100 oC, then 10% HCl; c). substituted 

aniline, HATU, DIEA, dichloromethane; d). m-CPBA (1 equivalent for 7 series and 2 

equivalents for 8 series), dichloromethane. 

 

All other derivatives were obtained using a second route (Scheme 2). 

Commercially-available anilines were acylated with bromoacetyl bromide to yield the 

corresponding 2-bromo-N-(substituted phenyl) acetamides, which can be converted to 

sodium S-(2-oxo-2-(phenylamino)ethyl) sulfurothioates using sodium thiosulfate. 

Subsequently, the sodium sulfurothioates were reacted with substituted indole to yield 

the target products.  



 

Scheme 2 Reagents and conditions: a). Et3N, Dichloromethane, 0 oC; b). 

Na2S2O3·5H2O, MeOH: H2O=3:1(v/v), 60 oC; c. Substituted indole or azaindole, 

iodine, DMSO, 60 oC 

Details regarding the syntheses and characterizations of the compounds can be found 

in the Supplementary data. 

 

2.3 Viruses and cells 

Green Fluorescent Protein expressing recombinant RSV (RSV-mGFP; kindly 

provided by Prof. Jean-Francois Eleouet, Unite de Virologie et Immunologie 

Moleculaires (UR892), INRA, Jouy-en-Josas, France) and wild type subgroup A RSV 

Long strain (wtRSV, kindly provided by Prof. Y. Qian, Capital Institute of Pediatrics, 

Beijing, China) were propagated in HEp-2 cells (ATCC, Rockefeller, MD, USA) in 

DMEM (Gibco BRL, Gaithersburg, MD, USA) supplemented with 2% fetal bovine 

serum (FBS, Hyclone, Logan, UT, USA), L-glutamine (2 mmol/L), penicillin G (40 

U/ml), streptomycin (100 µg/ml), and 0.2% sodium bicarbonate. RSV-mGFP and 

wtRSV were purified by sucrose ultracentrifugation, titrated for infectivity by 

immunoplaque assay, and expressed as plaque-forming units (pfu) per ml. 

HEK293T-Gluc cells were generated by transfection of plasmid DNA pLenti6-Gluc 



constitutively expressing the negative-strand RNA of Gaussia luciferase (Gluc) gene, 

that is converted into the positive strand upon IAV infection, and expresses the Gluc 

enzyme [27]. 

 

2.4 Cytotoxicity assay 

Method 1 (for data in Table 1): 

All compounds were individually subjected to cytotoxicity assay with MTS method. 

HEp-2 cells were plated in 96-well plates, and infected with virus alone or together 

with the test compound after 24 h. Following incubation for 48 h, 20 µl of 2 mg/ml 

MTS (Promega, Madison, WI, USA) was added to 96-well plates, and cells were 

further incubated for 3 h at 37 °C in a 5% CO2 incubator. After shaking the plate for 

10 s, absorbance was measured with a microplate reader (Tecan, Mannedorf, 

Switzerland) at a wavelength of 490 nm. Cells in the mock-treated control were left 

uninfected by virus or infected but untreated with the test compound. Cell activity was 

set as 100%. 

Method 2 (for data in Table 2): 

Cell viability was evaluated by cell counting kit-8 (CCK-8) assay. Briefly, 293T cells 

were cultured in a 96-well plate and incubated with compounds. Six concentrations of 

each compound, ranging from 12.5 µM to 200 µM, were used to treat cells for 48 h. 

Cells cultured in DMSO only were used as the control. After a 48-h incubation, 10 µL 

CCK-8 solution was added to each well and incubated for an additional 1 h at 37 °C. 

Optical density (OD) of each well at 450 nm was recorded on a Microplate Reader 



(Thermo, Varioskan Flash). 

 

2.5 RSV replication assay 

The compounds tested was dissolved in DMSO as a solution of 100mM and diluted to 

the concentration indicated. HEp-2 cells in different concentrations were plated in 

96-well flat bottom black plates. After 24 h, HEp-2 cells were infected with 3-fold 

serially-diluted viral inocula starting from 3 × 104 pfu/well. Relative fluorescence 

units (RFU) were measured using multi-mode microplate reader (Molecular Devices, 

Silicon Valley, USA) with excitation wavelength of 479 nm and emission wavelengths 

of 517 nm at 24 h, 48 h, and 72 h post-infection. Non-infected HEp-2 cells were 

severed as background levels of the fluorescence. 

 

2.6. IAV replication assay  

HEK293T-Gluc and MDCK cells were incubated with IAV A/WSN/33 (H1N1) (or 

H3N2) for 1 h at room temperature, and then cultured in fresh DMEM for 24 h at 

37 °C. Gluc activity in culture medium was measured as described previously [28]. 

Briefly, coelenterazine-h (16.7 µM in PBS) was equilibrated for 30 min in the dark at 

room temperature. Thereafter, cell culture supernatants were added to the wells in 

white and opaque 96-well plates, followed by automated injection of 60 µl of 

coelenterazine-h per well. The 0.5-s photon counts were acquired using Centro XS3 

LB 960 microplate luminometer (Berthold Technologies). 

 



2.7. Statistical analysis 

Data are presented as mean ± standard deviation (SD) from at least three independent 

experiments. Statistical analyses were performed using two-tailed Student’s t-test. 

 

3. Results  

3.1. Chemistry 

Using the commercially available substrate, 4 series of derivatives were designed and 

synthesized. The obtained compounds were further evaluated for their anti-RSV and 

anti-IAV activities. 

 

The N-methyl-1H-indole analogues 6a-h, 7a-c, and 8d-f were synthesized according 

to the route outlined in Scheme 1. This route started with the commercially-available 

1-methyl-1H-indol. The key intermediate 5 was constructed in one pot using a method 

reported [29] with good yield (85%). Subsequently, it was coupled with different 

substitutive anilines to yield the N-methyl-1H-indole analogues 6a-h. Initially, 6d and 

6f were obtained in a yield of no more than 10% when the coupling reaction was 

conducted with 1-Ethyl-3-(3-Dimethylaminopropyl) Carbodiimide (EDC). 

Considering the low reactivity of aniline, a more efficient coupling reagent, 

Hexafluorophosphate Azabenzotriazole Tetramethyl Uronium (HATU), was used 

instead of EDC, and all target products 6a-h were yielded in moderate to high yields 

(42.2% - 86.1%). At last, the analogues were oxidized to the corresponding sulfoxide 

and sulfone using different amounts of meta-chloroperoxybenzoic acid quantitatively. 



 

The analogues, 14a-i and 14’a-j , were synthesized according the route outlined in 

Scheme 2. Compounds 3,4-di-chloroaniline 9 and 2-ethoxyaniline 10 were acylated 

with bromoacetyl bromide 11 to yield the 2-bromo-N-phenylacetamides 12 and 12’ 

(yield: 88.7% and 91.0% respectively). Subsequently, the 

2-bromo-N-phenylacetamides were converted to the corresponding sodium 

sulfurothioates 13 and 13’, which reacted with the substituted indoles to yield the 

target products 14a-h and 14’a-i by a nucleophilic attack in the presence of a catalytic 

amount of iodine (yield: 68.3% - 81.4% for 2 steps from compound 12/12’). While 

preparing compound 14’b, a byproduct 14’i with an additional 7-bromination 

substitution was obtained (13.5%) with the target product. This byproduct was derived 

by bromination of 6-methoxyl indole or compound 14’b by bromide ion generated in 

the previous steps in the presence of iodine. Compound 14’i was also evaluated for its 

anti-viral activity and as one of the most potent compounds with both anti-RSV and 

anti-IAV activity. While preparing the azaindole analogues, the 7-azaindole analogues 

14j and 14’j were obtained only in low yields of 8.4% and 6.7%, and the 4-, 5- and 6- 

aza-indole analogues could not be formed under this reaction condition. This can be 

explained by the oxidation of 1H-pyrrolo(2,3-c)pyridine, 1H-pyrrolo(3,2-c)pyridine, 

and 1H-pyrrolo(3,2-b)pyridine in the presence of iodine (Scheme 3), and the 

decreased nucleophilicity of the aromatic ring that caused a more difficult iodination. 

Although 1H-pyrrolo(2,3-b)pyridine can be oxidized under this condition, the 

intramolecular hydrogen bond between N and H-N obstructed the oxidation and hence 



the same target product could be yielded.  

 

Scheme 3. Oxidation of the azaindole in the present of iodine. 

 

 

3.2. Biological results 

3.2.1. Evaluation of anti-RSV activity and cytotoxicity 

After the synthesis of the target products, they were evaluated for their anti-RSV 

activity and cytotoxicity in an in vitro cell-based assay. Most of these derivatives 

possessed a potent anti-RSV profile compared to that of the reference compound, 

ribavirin (Table 1). 

 

Compounds 6a-h were derived from lead 1. When an N-methyl was introduced to the 

indole ring, compound 6h showed increased anti-RSV activity compared to that by 

lead 1 (EC50=12.46±1.97 µM vs. EC50=32.70±2.09 µM). Compounds 6d-6h were 

di-chlorine substituted derivatives, of which, 6g and 6h exhibited good anti-RSV 



activities with an EC50 value of 17.27±0.73 and 12.46±1.97 µM. The activity of these 

derivatives might be due to their symmetric substitution on the aromatic ring of 

phenylamine. Besides, 6d, 6e, and 6f were not active with asymmetric substitution. 

Derivatives 6a-c had one chlorine substituted on the phenylamine ring, of which, 6b 

displayed similar activity to 6h while 6c was inactive. Such finding indicates that 3-Cl 

is more important than 4-Cl for anti-viral activity. The 2-Cl substituted 6a was also 

inactive. Compound 6a showed limited anti-RSV activity, but when oxidized to the 

corresponding sulfoxide 7a, it possessed an anti-RSV activity with EC50 of 

12.34±1.43 µM. For the comparison of the activity of thioether, sulfoxide 7a-c and 

sulfone 8d-f indicated that when the oxygen atom was introduced into the molecules, 

the orientation of phenylamine changed, ultimately altering the optimal position of 

chlorine substitution on phenylamine for anti-RSV activity. The preliminary 

structure-activity relationship revealed that the ability of a compound to inhibit RSV 

is mainly dependent on the number and position of the chlorine substituent on the 

phenylamine ring.  

 

To explore the structure-activity relationship between the structure of indole ring and 

its anti-RSV activity, compounds 14a-h, 14j, and 14’a-j were designed and 

synthesized. Most of the compounds with a mono-chlorine or methoxy group (i.e., 

14b, 14g, 14’a, 14’c, 14’e, 14’f, and 14’h) on the indole ring depicted excellent to 

moderate activity. Compound 14’a, with a 7-MeO on the indole ring, had the most 

potent anti-RSV activity (EC50=0.43±0.10 µM), a value indicating 27-fold more 



potent activity than the lead 2 and 76-fold greater activity than lead 1. With an 

increase in anti-viral activity, toxicity of the mono-chlorine or methoxy substituted 

derivatives decreased (i.e., 14b, 14’c, 14’d, 14’e, and 15’g). Compound 14’c was 

identified as the most promising lead with a safety index (SI= CC50/ EC50) of 379.25. 

When another nitrogen-atom was introduced onto the indole ring, the compounds 

became inactive (14j vs. 1 and 14’j vs. 2). 

Most of the compounds in series 14 and 14’ were more potent than those in series 6-8. 

The EC50 values of the most potent compounds 14b, 14’a, 14’c, 14’e, 14’f, 14’h, and 

14’i for RSV inhibition effect were 5.79±1.20, 0.43±0.10, 4.82±0.99, 4.46±0.28, 

5.58±0.02, 2.45±0.40, and 2.92±0.77 µM, respectively. All compounds showed a 

dose-dependent inhibition to RSV. Dose-response curve is shown in Figure 4. 

 

Figure 4 Dose-response curve for compounds 8d, 14’d, 14’e, 14’g on HEp-2 cell 

viability and RSV inhibition. The compounds tested were dissolved in DMSO as a 

solution of 100mM and diluted to the concentration indicated. The concentration of 

DMSO (v/v) used to determine the cells activity was 0.01‰, 0.1‰, 1‰, and 10‰, 

respectively; and the concentration of DMSO used to determine the inhibition rate 



was 0.001‰, 0.01‰, 0.1‰ and 1‰, respectively. Data are representative of three 

independent experiments and values are expressed as mean ± SD. 

To derive the stage of virus replication where these compounds exerted their antiviral 

activity, the most promising compound 14’c was added before or after RSV infection. 

As shown in Figure 5, pretreatment was unnecessary for full (99.94% and 99.89%) 

antiviral activity. Treatment at times -1 h and 0 h with 20 µM of 14’c resulted in 

similar and full virus inhibition effects. This result suggests that compound 14’c 

inhibits RSV replication at post viral entry. 

 

Figure 5 Anti-RSV effect of 14’c with and without pretreatment. Compound 14’c (20 

µM) was added to the culture medium before infection (-1 h) or after infection (0 h). 

DMSO and ribavirin were used as negative and positive controls, respectively. The 

level of RSV-mGFP infection was determined by measuring fluorescence levels. Data 

are normalized to control group, with the value of control arbitrarily set as 1. Data are 

representative of three independent experiments and values are expressed as mean ± 

SD. 



 

3.2.1. Evaluation of anti-IAV activity 

We proceeded to assess the anti-IAV effect of these compounds and found that the 

most potent compounds 6g, 6h, 14’c, 14’f, and 14’i displayed inhibition greater than 

85% against IAV A/WSN/33 (H1N1) at a concentration of 10 µM (data not shown). 

This inspiring result encouraged us to further evaluate their anti-IAV effect at different 

concentrations. Most of these compounds depicted moderate to excellent activity 

(Table 2). Compounds 6g, 6h, 14’c, 14’e, 14’f, 14’h, and 14’i were identified as the 

most potent IAV inhibitors with low micromolar to sub-micromolar EC50 values.  

 

Compounds 6a-h, 7a-c, and 8d-f with a common N-Methyl substitution on the indole 

ring showed relatively low activity and cytotoxicity unlike 14a-h and 14’a-i. This 

result indicates that the substitution of the N-hydrogen on the indole ring may reduce 

the toxicity of these IAV inhibitors. Compounds 14a-h and 14j have a common 

3,4-di-Cl substitution on the aniline. When a methoxy group was introduced into these 

molecules on the benzene ring in indole, compounds 14a-d displayed similar antiviral 

effects with EC50 values in the 15-µM range. Such finding indicates that the position 

of the methoxy group is not crucial. Higher activity was observed for derivatives 

14e-h bearing the same chlorine atom on different positions of the benzene ring in 

indole. When another nitrogen atom was introduced onto the indole ring, compound 

14j showed decreased activity with an EC50 value of 32 µM. Compounds 14’a-j had a 

common 2-ethoxyl substitution on the aniline and showed relatively higher inhibitory 



effect than the corresponding 14a-h and 14j. This result demonstrates that a 2-ethoxyl 

substitution on the aniline is superior to a 3,4-di-Cl substitution for the anti IAV effect. 

The increased IAV inhibitory effect of compounds 14e-f compared to that of 14a-d 

also demonstrate a chlorine atom substitution on different position of the benzene ring 

in indole is crucial for their anti IAV effect.  

Results obtained suggest that N-hydrogen on the indole ring may be related to its 

cytotoxicity. All compounds with a 2-ethoxyl substitution on the aniline and a 

chlorine/bromine substitution on the indole ring pose a high IAV inhibitory effect.  

All compounds showed dose-dependent anti-IAV effect. The representative 

dose-response curve for the most potent compounds 6g, 14’c, 14’f, 14’h and 14’i are 

shown in Figure 6 and the EC50 values were 0.64, 1.26, 1.53, 0.60, and 1.90 µM, 

respectively.  

 

Figure 6 Dose-response curve for compounds 6g, 14’c, 14’f, 14’h, and 14’i. The 

serially-diluted concentrations of test compounds were added to the culture medium. 



Ribavirin was used as the positive control. The level of IAV A/WSN/33 (H1N1) 

infection was determined by measuring Gluc activity. Data are normalized to control 

group, with the value of control arbitrarily set as 100%. Data are representative of 

three independent experiments and values are expressed as mean ± SD. 

 

Compounds 6g, 14’e, 14’f, 14’h, and 14’i were selected to evaluate their antiviral 

effect in MDCK cells against H1N1 and H3N2, which are important causes of human 

influenza. All of these compounds showed a more potent inhibitory effect than 

ribavirin against both of these two IAVs. (Figure 7). The EC50 values of compounds 

6g, 14’e, 14’f, 14’h, and 14’i against H1N1 were 1.75, 4.33, 2.42, 2.67, and 3.25µM, 

and that against H3N2 were 1.50, 1.83, 1.58, 2.33, and 1.50µM, while the EC50 values 

of ribavirin against both virus were measured as 16.0 and 20.5µM, respectively.  

 

Figure 7 Antiviral effect of compounds 6g, 14’e, 14’f, 14’h, and 14’i against H1N1 

and H3N2 in MDCK cells. The serially-diluted concentrations of test compounds 

were added to the culture medium. Ribavirin was used as the positive control. The 

level of IAV A/WSN/33 (H1N1) and H3N2 infection was determined by measuring 



Gluc activity. Data are normalized to control group, with the value of control 

arbitrarily set as 100%. Data are representative of three independent experiments and 

values are expressed as mean ± SD. 

 

Notably, the most potent anti-IAV compounds 6g, 6h, 14’c, 14’e, 14’f , 14’h, and 14’i 

showed potency in the anti-RSV assay above, and 14’c, 14’e, 14’f, 14’h, and 14’i 

exhibited excellent activity against both RSV and IAV. Such finding suggests that 

these compounds may employ a similar mechanism to control the replication of both 

viruses. In support of this notion, we observed that compounds 14’f and 14’i inhibited 

IAV replication at the post-entry stage, similar to that found for RSV. For instance, 

treatment before or after IAV infection (at time -2 h and 0 h) with 20 µM of 14’i or 

14’f resulting in similar and complete inhibitory effects on IAV replication 

(99.72%-99.86%, see Figure 8).  
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Figure 8 Time of addition assay of 14’f and 14’i. Test compounds (20 µM) were 

added to the culture medium before infection (-1 h) or during infection (0 h). DMSO 

and ribavirin were used as negative and positive controls, respectively. The level of 



IAV A/WSN/33 (H1N1) infection was determined by measuring Gluc activity. Data 

are normalized to control group, with the value of control arbitrarily set as 100%. 

Data are representative of three independent experiments and values are expressed as 

mean ± SD. 

 

 

To further explore the action of these active compounds, we investigated their effect 

on IAV RNA transcription and replication using an IAV mini-genome replicon system. 

IAV polymerase activity was reconstituted by expressing A/WSN/33 (H1N1) RdRp 

subunits (PA, PB1 and PB2), NP, and a vRNA-like reporter gene Gluc (PolI-luc) in 

293T cells as described previously [30]. The result showed that compounds 14’i and 

14’f significantly inhibited the activity of luciferase in a dose-dependent manner, with 

EC50 values of 1.98 µM and 3.89 µM, respectively (Figure 9). The similar potency of 

compounds 14’i and 14’f for the inhibition of IAV infectivity and RdRp activity 

suggests that these compounds may target viral RNA transcription and replication.  

 

 

Figure 9 Effect of compounds 14’i and 14’f on IAV vRNP. HEK239T cells were 

co-transfected with pCAGGS expression plasmids encoding PB2, PB1, PA, NP, and 

PolI-LUC in the absence or presence of compound 14’i or 14’f (1 µM, 2.5 µM, 5 µM, 

10 µM, or 20 µM). At 24 h post-transfection, effects of vRNA transcription was 

determined by measuring luciferase activity. Data are normalized to control group, 



with the value of control arbitrarily set as 100%. Data are representative of three 

independent experiments and values are expressed as mean ± SD. 

 

4. Conclusions 

RSV and IAV cause substantial morbidity and mortality, and mainly affect infants and 

elderly persons worldwide. In this study, the anti-viral potential of a series of 

2-((1H-indol-3-yl)thio)-N-phenyl-acetamide was revealed. The developed compounds 

displayed moderate to high activity against both viruses, with compounds 14’c, 14’e, 

14’f, 14’h, and 14’i exhibiting excellent activity at low micromolar to sub-micromolar 

EC50 values. Among these compounds, 14’c and 14’e, and 14’f and 14’i were 

identified as the most promising dual inhibitors, displaying lower cytotoxicity (with 

highest safety index up to 379.25) than the clinical drug, ribavirin. The preliminary 

results imply that these 2-((1H-indol-3-yl)thio)-N-phenyl-acetamide derivatives exert 

their antiviral activity at the viral post-entry stage. Such findings can significantly 

contribute to the discovery of novel and potent drugs against respiratory syncytial 

virus and influenza A infection, thereby providing great protection for individuals at 

both ends of the age spectrum. 
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Table 1 Structure, anti-RSV activity, and cytotoxicity of the target products. 

 

Compd 

Structure 

EC50 (µM) * CC50 (µM) * 

Safety Index 

SI= CC50/ 

EC50 
R1 R2 X R3 

1 H H S 3,4-di-Cl 32.70±2.09 37.48±1.78 1.15 

2 H H S 2-EtO 11.76±3.36 20.74±5.75 1.76 

6a Me H S 2-Cl >128 >1000 -b 

6b Me H S 3-Cl 23.92±3.48 18.93±0.93 0.79 

6c Me H S 4-Cl >128 31.39 - a 

6d Me H S 2,3-di-Cl >128 >1000 - a 

6e Me H S 2,4-di-Cl >128 >1000 - a 

6f Me H S 2,5-di-Cl >128 76.89 - a 

6g Me H S 2,6-di-Cl 17.27±0.73 23.65±1.55 1.37 

6h Me H S 3,4-di-Cl 12.46±1.97 30.51±9.62 2.45 

7a Me H S=O 2-Cl 12.34±1.43 97.42±3.48 7.89 

7b Me H S=O 3-Cl >128 >1000 - a 

7c Me H S=O 4-Cl >128 61.88 - a 

8d Me H 
 

2,3-di-Cl 19.94±5.43 275.05±28.85 13.79 

8e Me H 
 

2,4-di-Cl >128 >1000 - a 

8f Me H 
 

2,5-di-Cl >128 >1000 - a 

14a H 
7-Me

O 
S 3,4-di-Cl 17.28±1.44 39.47±2.66 2.28 

14b H 
6-Me

O 
S 3,4-di-Cl 5.79±1.20 42.67±4.70 7.16 

14c H 
5-Me

O 
S 3,4-di-Cl 16.59±1.90 46.35±0.735 2.79 

14d H 
4-Me

O 
S 3,4-di-Cl >128 >256 - a 

14e H 7-Cl S 3,4-di-Cl 18.12±0.72 32.83±0.73 1.81 

14f H 6-Cl S 3,4-di-Cl 13.95±0.02 27.79±1.86 1.99 

14g H 5-Cl S 3,4-di-Cl 9.95±0.28 35.20±2.04 3.54 

14h H 4-Cl S 3,4-di-Cl 25.34±1.17 27.74±2.91 1.09 

14j - a - a - a 3,4-di-Cl >128 >256 - a 

14’a H 
7-Me

O 
S 2-EtO 0.43±0.10 0.61±0.05 1.42 

14’b H 6-Me S 2-EtO 23.07±6.01 35.23±4.34 1.53 



O 

14’c H 
5-Me

O 
S 2-EtO 4.82±0.99 

1828.00±84.0

0 
379.25 

14’d H 
4-Me

O 
S 2-EtO 12.28±1.32 220.35±12.25 17.94 

14’e H 7-Cl S 2-EtO 4.46±0.28 262.30±24.90 58.81 
14’f H 6-Cl S 2-EtO 5.58±0.02 29.95±0.39 5.36 

14’g H 5-Cl S 2-EtO 18.13±2.75 204.45±0.05 11.27 

14’h H 4-Cl S 2-EtO 2.45±0.40 7.15±0.02 2.92 

14’i H 

6-Me

O 

7-Br 

S 2-EtO 2.92±0.77 9.65±0.88 3.30 

14’j  - a - a - a 2-EtO >128 >1000 - a 

Ribavirin - a - a - a - a 15.83±3.38 273.80±4.13 17.30 

*Data are expressed as Mean±SD of three independent experiments, test of CC50 values was not 

repeated for inactive compounds; - a: not applicable. 

 

Table 2 Structure, anti-IAV activity and cytotoxicity of the target products 

 

Compd 
Structure 

EC50(µM) CC50(µM） 
Safety Index 

SI= CC50/ EC50 R1 R2 X R3 

6a Me H S 2-Cl 27.94±3.89 >100 >3.59 

6b Me H S 3-Cl 9.98±0.36 >100 >10.02 

6c Me H S 4-Cl 9.82±1.54 >100 >10.17 

6d Me H S 2,3-di-Cl 13.96±2.22 >100 >7.26 

6e Me H S 2,4-di-Cl 11.93±0.24 >100 >8.38 

6f Me H S 2,5-di-Cl 15.75±2.02 >100 >6.38 

6g Me H S 2,6-di-Cl 3.50±0.48 >100 >28.57 

6h Me H S 3,4-di-Cl 0.64±0.02 >100 >156.25 

7a Me H S=O 2-Cl 29.78±1.04 >100 >3.36 

7b Me H S=O 3-Cl 39.27±2.70 >100 >2.55 

7c Me H S=O 4-Cl 9.93±0.39 >100 >10.00 

8d Me H 
 

2,3-di-Cl 36.34±0.18 >100 >2.75 

8e Me H 
 

2,4-di-Cl 33.71±0.48 >100 >2.97 

8f Me H 
 

2,5-di-Cl 18.03±7.30 >100 >6.72 

14a H 7-MeO S 3,4-di-Cl 13.81±0.81 >100 >7.21 

14b H 6-MeO S 3,4-di-Cl 15.80±3.21 78.44±2.10 5.00 



14c H 5-MeO S 3,4-di-Cl 15.45±5.57 61.75±6.31 4.19 

14d H 4-MeO S 3,4-di-Cl 15.08±0.63 >100 >6.61 

14e H 7-Cl S 3,4-di-Cl 10.41±0.63 49.07±2.70 4.69 

14f H 6-Cl S 3,4-di-Cl 7.36±1.06 67.79±2.63 9.16 

14g H 5-Cl S 3,4-di-Cl 7.62±1.57 42.66±1.36 5.53 

14h H 4-Cl S 3,4-di-Cl 5.72±1.48 34.70±0.92 5.95 

14j - a - a - a 3,4-di- al 31.56±4.84 >100 >3.10 

14’a H 7-MeO S 2-EtO 12.20±2.00 >100 >8.24 

14’b H 6-MeO S 2-EtO 4.48±0.22 88.20±1.09 15.36 

14’c H 5-MeO S 2-EtO 1.27±0.07 >100 >79.37 
14’d H 4-MeO S 2-EtO 11.21±3.04 >100 8.80 

14’e H 7-Cl S 2-EtO 1.75±0.96 >100 >57.47 
14’f H 6-Cl S 2-EtO 1.53±0.39 >100 >65.36 
14’g H 5-Cl S 2-EtO 4.19±0.73 37.62±2.90 8.97 

14’h H 4-Cl S 2-EtO 0.58±0.22 25.23±4.07 >40.97 

14’i H 
6-MeO 

7-Br 
S 2-EtO 1.90±0.05 >100 >52.63 

14′′′′j  - a - a - a 2-EtO 31.42±2.68 >100 3.21 

ribavin - a - a - a - a 25.08±2.28 >100 >3.99 

*  Data are expressed as Mean±SD of three independent experiments; - a: not applicable. 

 



Highlights 
 

• RSV and IAV cause substantial morbidity and mortality 

• The developed compounds displayed moderate to high activity against both viruses 

• 14’c, 14’e, 14’f, 14’h and 14’I  had excellent activity at low to sub-micromolar EC50 

• 14’c and 14’e, and 14’f and 14’i were the most promising dual inhibitors 

• The derivatives exert their antiviral activity at the viral post-entry stage 


