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 5 

Highlights 6 

• Fatty acylation of free remdesivir (RDV) offered two structural conjugates.  7 

• 2D H-HCOSY, HSQC, and HMBC confirmed the structure of each isomer. 8 

• Conjugates of RDV with fatty acids were evaluated against SARS-CoV-2 and EBOV.  9 

• 3′-(4-Oxatetradecanolyl) of RDV was most effective against SARS-CoV-2. 10 

• Some fatty acyl conjugates of RDV showed comparable anti-EBOV activity with RDV.  11 

 12 

 13 
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Abstract: We report here the synthesis, purification, and characterization of mono- and di-fatty 73 

acyl conjugates of remdesivir (RDV) and their in vitro antiviral activity against SAR-CoV-2, an 74 

Ebola virus transcription- and replication-competent virus-like particle (trVLP) system, and 75 

infectious Ebola virus. The most potent monofatty acyl conjugate was 4b, containing a 4-76 

oxatetradecanolyl at the 3′ position. Monofatty acyl conjugates, 3′-O-tetradecanoyl (4a) 77 

(IC50(VeroE6) = 2.3 µM; IC50(Calu3) = 0.24 µM), 3′-O-4-oxatetradodecanoyl (4b) (IC50(VeroE6) = 2.0 78 

µM; IC50(Calu3) = 0.18 µM), and 3′-O-(12-ethylthiododecanoyl) (4e) (IC50(VeroE6) = 2.4 µM; 79 

IC50(Calu3) = 0.25 µM) derivatives exhibited less activity than RDV (IC50(VeroE6) = 0.85 µM; 80 

IC50(Calu3) = 0.06 µM) in both VeroE6 and Calu3 cells. Difatty acylation led to a significant 81 

reduction in the antiviral activity of RDV (as shown in conjugates 5a and 5b) against SARS-CoV-82 

2 when compared with monofatty acylation (3a-e and 4a-e). About 77.9% of 4c remained intact 83 

after 4 h incubation with human plasma while only 47% of parent RDV was observed at the 2 h 84 

time point. The results clearly indicate the effectiveness of fatty acylation to improve the half-life 85 

of RDV. The antiviral activities of a number of monofatty acyl conjugates of RDV, such as 3b, 86 

3e, and 4b, were comparable with RDV against the Ebola trVLP system. Meanwhile, the 87 

corresponding physical mixtures of RDV and fatty acids 6a and 6b showed 1.6 to 2.2 times less 88 

antiviral activity than the corresponding conjugates, 4a and 4c, respectively, against SARS-CoV-89 

2 in VeroE6 cells. A significant reduction in viral RNA synthesis was observed for selected 90 

compounds 3a and 4b consistent with the IC50 results. These studies indicate the potential of these 91 

compounds as long-acting antiviral agents or prodrugs of RDV. 92 

 93 

Keywords: Ebola virus, EBOV, Fatty acyl-RDV conjugates, Remdesivir, SARS-CoV-2, 94 

Structure-activity relationships (SAR). 95 

  96 
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1. Introduction 97 

The increasing prevalence of COVID-19 is a severe public health problem affecting people 98 

globally. COVID-19 is taking a devastating toll on human lives. The latest human mortality of 99 

COVID-19 pandemic infection is 4,500,672 people, while approximately 216 million people have 100 

been infected as of August 29, 2021 [1]. Thus, there is an urgent need for safe and effective 101 

antiviral drugs against SARS-CoV-2 and other coronaviruses while also decreasing the likelihood 102 

of developing resistance mutations. However, the discovery and approval of new compounds take 103 

several years. Therefore, several existing drugs and potential drug candidates such as remdesivir 104 

(RDV, GS-5734, 1, Scheme 1) have been considered for repurposing as COVID-19 treatments. 105 

RDV was developed by Gilead in 2017 as a treatment for emerging viral diseases, in 106 

particular Ebola virus (EBOV) infection [2]. RDV was effective against EBOV in cell-based 107 

assays and non-human primate in vivo studies [3].  However, it was found to be less effective than 108 

monoclonal antibodies in a randomized controlled trial (RCT) conducted in 681 patients of acute 109 

EBOV infection where mortality with RDV was 53%, compared to 35% with MAB114 antibody 110 

and 33.5% with the triple antibody cocktail REGN-EB3 [4]. RDV has also shown promising 111 

antiviral activity against multiple variants of animal and human coronaviruses, including the 112 

highly-pathogenic Middle East respiratory syndrome coronavirus (MERS-CoV), severe acute 113 

respiratory syndrome coronavirus (SARS-CoV), and severe acute respiratory syndrome 114 

coronavirus 2 (SARS-CoV-2) [5–9]. 115 

RDV was evaluated for SARS-CoV-2 in early 2020, and randomized clinical trials found that 116 

RDV was superior to placebo in reducing the median time to recovery to 11 days vs. 15 days, 117 

respectively, in severe adult patients hospitalized with Covid-19 [10,11]. However, there was no 118 

significant difference in the mortality rate between drug-treated patients (7.1%) and placebo 119 

(11.9%). RDV received Emergency Use Authorization (EUA) from the United States Food and 120 

Drug Administration (FDA) in May 2020 for patients hospitalized with severe COVID-19, 121 

prompting thousands of studies to evaluate its efficacy [11]. In October 2020, RDV was approved 122 

by the FDA for use in patients of at least 12 years and 40 kg requiring hospitalization. Wang et al. 123 

reported that RDV is a potent inhibitor of SARS-CoV-2 in VeroE6 cells with an EC50 = 0.77 μM 124 

and selectivity index > 129.87 [12]. Pruijssers et al. evaluated RDV in both Calu3 human lung 125 

cells (EC50 = 0.28 μM) and primary human airway epithelial cultures (EC50 = 0.01 μM). This study 126 
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showed a lower potency of RDV in established human and monkey cell lines due to their 127 

diminished ability to metabolize the compound [13].  128 

RDV (half-life 0.39 h) is an adenosine monophosphoramidate nucleotide prodrug that is 129 

converted to the active triphosphate analog (RDV-TP, half-life 24 h) that inhibits RNA-dependent 130 

RNA polymerase (RdRp) activity, resulting in diminished viral RNA replication [3,5,6,14]. For 131 

SARS-CoV-2, and other coronaviruses, the highly conserved nonstructural protein 12 (Nsp12) 132 

serves as the RdRp [15]. The primary mechanism of inhibition for viral replication by RDV 133 

involves its conversion to the active monophosphate nucleoside analog GS-441524 as a metabolite 134 

by protein kinases. GS-441524, in turn, is converted to the active nucleoside triphosphate 135 

metabolite (GS‐443902), which is incorporated into nascent RNA chains by the viral RdRp, 136 

causing delayed RNA chain termination [10,16].  137 

Our group has previously studied the impact of fatty acylation on the antiviral activity of 138 

different anti-HIV (human immunodeficiency virus) nucleoside drugs where we demonstrated 139 

that the conjugation of certain fatty acids to the anti-HIV nucleoside reverse transcriptase 140 

inhibitors (NRTIs), such as 3′-fluoro-3′-deoxythymidine (FLT, alovudine), 2′,3′-didehydro-2′,3′-141 

dideoxythymidine (stavudine, d4T), and 2′,3′-dideoxy-5-fluoro-3′-thiacytidine (emtricitabine, 142 

FTC) [17–21] enhanced activity against X4, R5, cell-associated, and/or multi-drug resistant 143 

strains when compared with their parent nucleosides. For example, 5′-O-tetradecanoyl and 5′-O-144 

(12-azidododecanoyl) derivatives of 3TC were significantly more active (16-36 fold higher) 145 

against an X4 strain of HIV-1 when compared to 3TC [21]. The same pattern was observed for a 146 

5′-O-tetradecanoyl derivative of FTC that exhibited 19-fold more activity than FTC against an 147 

X4 strain of HIV-1 [20]. The conjugates were also less toxic than their parent nucleoside 148 

analogs, providing a much higher selectivity index. Furthermore, the conjugates significantly 149 

enhanced the cellular uptake versus the parent analogs and corresponding physical mixtures of 150 

fatty acids and nucleosides [19–21]. 151 

In vivo studies have demonstrated that treatment of mice with a nanoformulation of a 5′-152 

O-palmitoyl derivative of FTC led to complete inhibition of HIV-1 reverse transcriptase activity 153 

for up to 10 days by the myristoylated FTC as compared with the parent FTC that had no effect 154 

beyond day 1 [22]. Similar results were obtained using a 5′-O-myristoyl conjugate of 3TC where 155 
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a long-acting nanoformulation of a fatty acyl conjugate of 3TC was shown to reduce hepatitis B 156 

virus replication in humanized mice [23]. Additionally, Creighton et al. demonstrated that fatty 157 

acid conjugation with raltegravir tuned its release pattern, hydrolysis rate, and anti-HIV activity 158 

[24]. Overall, the studies revealed that the prodrug action was dependent on the type of 159 

conjugated fatty acid and the position of the conjugation of fatty acid to the drug.  160 

There are many examples of marketed anticancer and antiviral prodrug and/or long-161 

acting agents, such as valrubicin, capecitabine, valacyclovir, and tenofovir alafenamide (TAF). 162 

TAF, a prodrug of tenofovir (TFV), has higher anti-HIV activity and distribution into the 163 

lymphatic system than TFV. The active metabolite, TFV diphosphate, has an intracellular half-164 

life of 150 to 180 h [25]. Fatty acid conjugation has also been used to form nanosuspensions of 165 

antiretroviral drugs to improve their bioavailability [26,27]. Thus, it is logical to develop and 166 

characterize new long-acting fatty acyl RDV conjugates to potentially provide higher stability 167 

with a longer half-life that display broad-spectrum antiviral activity. Recently, Schooley et al. 168 

[28] reported the synthesis of three novel lipophilic, monophosphate of RDV nucleosides (RVn, GS-169 

441524) prodrugs, two of which had anti-SARS-CoV-2 activity 9 to 24 times greater than that of 170 

RDV in Vero E6 cells. 171 

The presence of a 1′‐CN group on RDV and its metabolites confers high selectivity for 172 

viral RdRps compared to human polymerases. The cryo-EM structure of RDV-TP in complex with 173 

the SARS-CoV-2 RdRp (PDB: 6M71) showed residue S861 in Nsp12 sterically interacts with 1′-174 

CN, inducing a delay in chain termination [29]. However, 2' and 3' residues were not involved in 175 

major interactions [16]. Thus, the 2' and 3′ groups are opportune sites for modification to enhance 176 

RDV permeability and potency. RDV, like other conventional nucleotide and nucleoside analogs, 177 

suffers poor oral bioavailability and limited gastrointestinal uptake [28]. 178 

We hypothesized that 2' or 3′ fatty acyl conjugates of RDV will have different 179 

physicochemical properties from RDV, making their biological profiles and activities more 180 

suitable. Herein, we report the synthesis of fatty acyl derivatives of RDV and structural 181 

characterization of their antiviral activity against SARS-CoV-2 in VeroE6 cells and Calu3 cells. 182 

Five fatty acids, myristic acid, 12-azidododecanoic acid, 12-thioethyldodecanoic acid, 4-183 

tetradodecanoic acid, and palmitic acid were conjugated to RDV at its 2′-O- and 3´-O-position. 184 

The fatty acid selection was based on the anti-HIV activity for the previously reported 185 
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corresponding fatty acyl derivatives of AZT, FLT, d4T, 3TC, and FTC [17–21]. We employed a 186 

unique antiviral screening assay that uses the continuous measurement of electrical resistance 187 

across a cell monolayer to simultaneously measure virus growth and compound cytotoxicity in 188 

parallel [30]. We also assessed their activity against an EBOV transcription- and replication-189 

competent virus-like-particle (trVLP) system [31], and further test three representative derivatives 190 

against infectious EBOV, validating the EBOV trVLP results.  191 

 192 

2. RESULTS AND DISCUSSION  193 

2.1 Synthesis of mono- and difatty acyl RDV conjugates  194 

RDV (1) is composed of three components, the base moiety (4-aminopyrrolo[2,1-195 

f][1,2,4]triazine), 2´,3´-dihydroxy-5-cyanotetrahydrofuran ring, and a phosphoramidate moiety. 196 

Five different fatty acids; myristic acid, palmitic acid, 4-tetraoxodecanoic acid, 12-197 

azidododecanoic acid, and 12-thioethyldodecanoic acid, in the form of acyl chloride (2a-2e), 198 

underwent reaction with the available reactive 2´ and 3´ hydroxyl groups of RDV (Scheme 1). The 199 

conjugation of the fatty acid to RDV was accomplished through two simple steps. First, the fatty 200 

acid was converted to its active acyl chloride form by treating the fatty acid with oxalyl chloride 201 

in dry benzene according to the previously reported procedure [20].  202 
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Scheme 1. Synthesis of mono- and difatty acyl RDV conjugates. 204 

 205 

In the second step, fatty acylation was performed by reacting an equimolar amount of the 206 

corresponding fatty acyl chloride with a dilute solution of RDV (1) in the presence of 207 

diisopropylethylamine (DIPEA) for 5-9 h to generate monofatty acyl derivatives that correspond 208 

to 2′- and 3´-fatty acyl RDV conjugates as 3a-e and 4a-e, respectively. The free aromatic amine of 209 

remdesivir has been shown to be less reactive than free 2′ and 3′-hydroxy groups [2,3]. The 210 

corresponding compounds from both series have the same molecular weight but differ in their 211 

chemical structures. Meanwhile, the use of 3 molar equivalents of fatty acyl chloride and 1 molar 212 

equivalent of RDV (1) yielded the 2´,3´-difatty acyl derivatives of RDV (5a and 5b) (Scheme 1). 213 

Employing this conjugation plan by controlling the coupling conditions (i.e. reactant 214 

concentrations, temperature, and reaction time), we were able to control the target products and 215 

the yield. This direct coupling strategy was successful with the five fatty acyl chlorides used (2a-216 
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e) and reduced the number of reaction steps, time, and solvents required for purification. This is in 217 

contrast to the protection and deprotection strategies, which involve the selective protection of 218 

different functional groups with proper protecting agents, purification of the protected 219 

intermediates, coupling with a fatty acyl chloride, purification, removal of the protecting group, 220 

and purification of the final products in reduced yield.  221 

Mono 3′-fatty acyl derivatives 4a-e were obtained in higher yield as compared to 2′-fatty 222 

acyl derivatives 3a-e, possibly due to the higher reactivity of the 3´-hydroxyl group than the 2´-223 

hydroxyl group of RDV. The presence of an adjacent strong electron-withdrawing group (CN) at 224 

C-1′ in RDV reduces the nucleophilicity of the 2′-hydroxyl group; therefore, the carboxy chloride 225 

of the fatty acid tends to react more efficiently with the 3´-hydroxy group. The two fatty acyl 226 

monoconjugates were separated on semi-preparative reverse-phase high-performance liquid 227 

chromatography (RP-HPLC) and fully characterized using nuclear magnetic resonance (NMR) 228 

and mass spectroscopy (Supporting Information; See methods). 229 

The attachment of the long-chain fatty acid analogs to RDV enhanced their lipophilicity, 230 

as shown by calculated partition coefficients (CLog P) (Table 1). Difatty acyl conjugates (5a and 231 

5b) exhibited significantly higher lipophilicity due to a large number of methylene chains as 232 

compared with a smaller number of methylene chains in monofatty acyl conjugates 3a-e and 4a-e 233 

(Table 1). Monopalmitoyl conjugates 3e and 4e were more lipophilic than monofatty acyl 234 

conjugates with shorter chain lengths, such as tetradecanoyl derivatives 3a and 4a. The higher 235 

lipophilicity is expected to improve the permeability properties in order to achieve a higher 236 

concentration of the prodrug in the infected cells. The enhanced lipophilicity of these conjugates 237 

relative to RDV should increase their ability to cross the plasma membrane. This postulate is based 238 

on the observation that increasing the lipophilicity of FTC, FLT, and 3TC improved cell 239 

permeability [19–21]. This conjugation may result in the development of antiviral prodrugs having 240 

a longer duration of action by the sustained intracellular release of active substrates at adequate 241 

concentrations and higher uptake into infected cells.  242 

 243 

 244 

 245 
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Table 1. Calculated partition coefficient of fatty acyl RDV conjugates. 246 

Compound Fatty acyl chain  CLogP 

(calcd)a 

RDV  H 1.25 

3a  CH3(CH2)12CO- 8.45 

3b  CH3(CH2)9O(CH2)2CO- 6.83 

3c  N3(CH2)11CO- 7.66 

3d  CH3(CH2)14CO- 9.51 

3e  CH3CH2S(CH2)11CO- 7.54 

4a  CH3(CH2)12CO- 8.45 

4b  CH3(CH2)9O(CH2)2CO- 6.83 

4c  N3(CH2)11CO- 7.67 

4d  CH3(CH2)14CO- 9.51 

4e  CH3CH2S(CH2)11CO- 7.54 

5a  CH3(CH2)12CO- 15.65 

5b  N3(CH2)11CO- 14.08 
aCalculated partition coefficient using ChemBioDraw Ultra 20.0. 247 

 248 

2.2 Structure elucidation using NMR Spectroscopy 249 

The 1D (1H, 13C, DEPT) and 2D (COSY, HSQC, and HMBC) NMR spectroscopy were 250 

used to establish the chemical structure of 3´-O-monosubstituted derivatives 4a-e (Figure 1). For 251 

example, the 1H-1H COSY analysis for 3´-O-myristyl derivative (4a) showed correlations between 252 

(δH =5.33 ppm, H-3´)/(δH = 4.56 ppm, H-4´), (δH = 5.33 ppm, H-3´)/(δH = 4.71 ppm, H-2´), (δH = 253 

4.56 ppm, H-4´)/(δH = 4.38 ppm, H-5´), revealing that the signals with δH 5.33, 4.70, 4.56, 4.42-254 

4.29 ppm are assigned to H-3´, H-2´, H-4´, and H-5´ respectively. The 1H-13C HSQC correlation 255 

established that H-3´, H-2´, H-4´, and H-5′ protons with δH 5.33, 4.71, 4.57, and 4.41-4.30 ppm 256 

were correlated to C-3´ (δc 72.39 ppm), C-2´ (δc 75.04 ppm), C-4´ (δc 83.28 ppm), C-5´ (δc = 65.77 257 

ppm), respectively. 1H-13C HMBC correlations between H-3´ (δH 5.33 ppm) to CO fatty acyl 258 
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carbonyl (δc = 173.54 ppm) confirmed that the fatty acid was conjugated to the hydroxyl group at 259 

C-3´, and not C-2´ (Figures S27-S32, Supporting Information) 260 

Similarly, for the 2´-O-myristyl derivative (3a), 1H-1H COSY showed correlations between 261 

(δH = 4.50 ppm)/(δH = 4.38 ppm), (δH= 4.50/5.82 ppm), and (δH= 4.41/4.39 ppm), and revealed 262 

that the signals at δH 5.82, 4.54-4.44, 4.42-4.35 ppm were assigned to H-2´, H-3´, H-5´, H-4´ and 263 

H-5′′. The 1H-13C HSQC correlation showed that H-2´, H-3´, H-5´, H-4´and H-5′′ protons were 264 

correlated to C-2´ (δc 74.58 ppm), C-3´( δc 69.31 ppm), C-4´( δc 82.54 ppm), C-5′ (δc 65.05 ppm), 265 

respectively. The 1H-13C HMBC showed the correlation between H-2´ (δH 5.82 ppm) to the fatty 266 

acyl carbonyl (δc 172.75 ppm), verifying that the fatty acid was conjugated to RDV at C-2´ (Figures 267 

S1-S6, Supporting Information).  268 
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Figure 1. General structures of fatty acyl conjugates of RDV.  270 

 271 

2.3. Anti-SARS-CoV-2 Activity 272 

The cytotoxicity and antiviral activity of the fatty acyl conjugates of RDV were compared 273 

among themselves and to RDV, and the physical mixture of the parent analogs with fatty acids. 274 

Screening of RDV fatty acyl conjugates for anti-SARS-CoV-2 activity was accomplished using a 275 

previously described real-time impedance-based, label-free assay that provides continuous 276 

monitoring of cell health [30]. 277 

SARS-CoV-2 induces a significant cytopathic effect (CPE) in Vero E6 cells. The assay 278 

uses the Maestro Z platform (Axion BioSystems, Atlanta, GA), an instrument that uses electrode-279 

containing 96-well plates to continuously measure the electrical impedance across cell 280 

monolayers. As SARS-CoV-2 infection progresses and the resulting CPE becomes more severe, 281 
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impedance measurements decrease over time, providing a detailed assessment of infection 282 

kinetics. Because the Maestro Z provides continuous data regarding the health of cell monolayers, 283 

compound toxicity is readily identified by significant drops in impedance measurements prior (0-284 

24 h post-treatment) to the onset of virus-induced CPE. Vero E6 cells were pre-treated with 6-fold 285 

serial dilutions of RDV or RDV fatty acyl conjugates for one hour and then infected with SARS-286 

CoV-2 at an MOI of 0.01. Resistance measurements were recorded for 48 hours post-infection 287 

(hpi). Percent inhibition was calculated at the 48 hpi time point in comparison to DMSO-treated 288 

infected and uninfected controls.  289 

 RDV fatty acyl conjugates with 50% inhibitory concentration (IC50) values of ≤ 3µM in 290 

Vero E6 cells were selected for further testing in the Calu3 respiratory epithelial cell line. Calu3 291 

cells were pre-treated with 6-fold serial dilutions of RDV or RDV conjugates for one h and then 292 

infected with SARS-CoV-2 at an MOI of 0.01 for 48 h. At 48 hpi, supernatants were harvested, 293 

and infectious virus was quantified by immunofocus forming assay, as previously described 294 

[32,33]. Compound toxicity in Calu3 cells was assayed in parallel by CellTox green (Promega).  295 

Table 2 shows antiviral (IC50) and 50% cell cytotoxicity (CC50) values of synthesized fatty 296 

acyl RDV conjugates on SARS-CoV-2 infected Vero E6 and Calu3 cell lines. Fatty acids alone, 297 

myristic acid, 4-oxatetradecanpic acid, 12-thioethydodecanoic acid, and 12-azidododecanoic acid, 298 

did not exhibit any anti-SARS-CoV-2 activity in Vero E6 cells, even at the highest concentration 299 

of 50 µM. The physical mixtures of RDV with myristic acid (6a) and 12-azidodecanoic acid (6b) 300 

exhibited IC50 values of 4.9 µM in the same cell line. The monofatty acyl RDV analogs showed 301 

SARS-CoV-2 antiviral activity with IC50 values of 2.4-4.6 µM and 0.29–3.6 µM against VeroE6 302 

and Calu3 infected cells, respectively. The most potent monofatty acyl conjugate was 4b, 303 

containing a 4-oxatetradecanolyl at the 3′ position, which had IC50 values of 2.0 µM and 0.18 µM 304 

in VeroE6 and Calu3 infected cells, respectively. RDV showed anti-SARS-CoV-2 activity with 305 

IC50 = 0.85 µM (VeroE6) and 0.06 µM (Calu3), which is 2.4 to 3-fold higher than the monofatty 306 

acylated RDV analog 4b. Difatty acyl RDV conjugates 5a and 5b showed significantly lower anti-307 

SARS-CoV-2 activity with IC50 = 31.0 µM and ˃50 µM, respectively, against VeroE6 infected 308 

cells. RDV demonstrated a very high selectivity index (>588 to >833) in both cell lines, as 309 

compared to all the synthesized monofatty acylated RDV conjugates (>10.9 to >208). The 310 
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diminished antiviral activity of monofatty acyl conjugates of RDV can be attributed to the slow 311 

hydrolysis of the conjugates to RDV.  312 

To confirm that the inhibition of SARS-CoV-2 by these compounds was due to inhibition 313 

of RNA synthesis, viral RNA levels from cells treated with RDV (1 µM), or a representative 314 

compound from each class of compounds (5 µM 3a, 5 µM 4b, and 45 µM 5a) were assessed by 315 

reverse transcription followed by quantitative PCR (qPCR). A significant reduction in viral RNA 316 

synthesis was observed for all compounds apart from disubstituted compound 5a (Supplemental 317 

97A), consistent with the IC50 results in Table 2.  318 

The cryo-EM structure of RDV-TP in complex with the SARS-CoV-2 RdRp (PDB: 6M71) 319 

showed residue S861 sterically interacts with 1′-CN, inducing a delay in chain termination [16,29]. 320 

Although 2' and 3' residues are not involved in major interactions with the RdRp, the large 321 

substitutions at 2′ and 3′ positions may interfere with these interactions. However, it is expected 322 

that upon cellular delivery and hydrolysis to RDV, the long-acting effect of RDV is to be observed. 323 

These conjugates were designed as prodrugs to improve the physicochemical properties of RDV 324 

to be used in oral administration or as long-acting antiviral agents. Further investigation is required 325 

to determine the prodrug properties and long-acting activity of the conjugates.  326 

2.4. Anti-EBOV Activity  327 

The anti-EBOV activity of fatty acyl RDV analogs was assessed using a transient 328 

transfection-based transcription- and replication-competent virus-like particle (trVLP) system 329 

(EBOV trVLP) (Table 3). The assay allows for modeling of the virus lifecycle at biosafety level 2 330 

(BSL2) conditions [31]. The fatty acids alone, myristic acid, 4-oxatetradecanpic acid, 12-331 

thioethydodecanoic acid, and 12-azidododecanoic acid, demonstrated no inhibitory activity 332 

against the EBOV trVLP. The physical mixtures of RDV with myristic acid (6a) and 12-333 

azidodecanoic acid (6b) exhibited IC50 values of 0.13 and 0.09 µM, respectively. RDV and 334 

monofatty acylated RVD conjugates showed comparable EBOV trVLP activity with IC50 = 0.16-335 

0.17 µM. However, the selectivity index for RDV was about 6-fold higher than the monofatty 336 

acylated RDV conjugates. Difatty acyl RVD conjugates showed weaker anti-EBOV trVLP 337 

activity, similar to SARS-CoV-2. To validate the compound antiviral activity identified by the 338 

EBOV trVLP assay, we further tested three of the derivatives against infectious EBOV. While 339 
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RDV exhibited approximately 3-fold lower activity against infectious EBOV, relative to the 340 

EBOV trVLP assay, similar IC50 values were obtained for compounds 3c and 4c. Compound 4b 341 

that exhibited the highest anti-SARS-CoV-2 activity among all the fatty acyl conjugates was found 342 

to be also the most potent compound against EBOV trVLP and showed comparable activity with 343 

RDV.  344 

To confirm that the inhibition of the EBOV trVLP by these compounds was due to 345 

inhibition of RNA synthesis, viral RNA levels from cells treated with RDV (1 µM), or a 346 

representative compound from each class of compounds (5 µM 3a, 5 µM 4b, and 45 µM 5b), were 347 

assessed by qPCR. A significant reduction in viral RNA synthesis was observed for all compounds 348 

apart from disubstituted compound 5b (Supplemental 97B), consistent with the IC50 results in 349 

Table 3. Compound 5b, which showed no inhibitory activity in the EBOV trVLP assay, was also 350 

inactive against infectious EBOV at the concentrations tested.  351 

  352 
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 353 

 354 

 355 

 356 

Table 2. SARS-CoV-2 activity of fatty acyl RDV conjugates.a 357 

aData reported are n=3 in 96 well assay format. bND= not determined.   358 

  359 

Compound 
VeroE6  Calu3 

CC50 (µM) IC50 (µM) SI  CC50 (µM) IC50 (µM) SI 

RDV >50 0.85 >588  >50 0.06 >833 

3a >50 2.4 ≥20.7  >50 0.29 >172 

3b >50 4.6 ≥10.9  NDb ND ND 

3c >50 4.6 ≥10.9  ND ND ND 

3d ND ND ND  >50 3.6 >13.9 

3e >50 3.5 ≥14.2  ND ND ND 

4a >50 2.3 ≥22.1  >50 0.24 >208 

4b >50 2.0 ≥25.6  34.3 0.18 >191 

4c >50 3.0 ≥16.6  >50 0.51 >98.0 

4d ND ND ND  >50 1.6 >32.3 

4e >50 2.4 ≥20.5  >50 0.25 >200 

5a >50 31 ≥1.59  ND ND ND 

5b >50 >50   ND ND ND 

Myristic acid  >50 >50   ND ND ND 

4-Oxatetradecanoic acid  >50 >50   ND ND ND 

12-thioethyldodecanoic acid  >50 >50   ND ND ND 

12-Azidododecanoic acid >50 >50   ND ND ND 

6a  >50 4.9 ≥10.0  ND ND ND 

6b  >50 4.9 ≥10.2  ND ND ND 
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Table 3. The activity of fatty acyl RDV conjugates against Ebola trVLP and wild type EBOV.a  360 

Compound 
 EBOV trVLP Ce-FF EBOVc 

CC50 (µM) IC50 (µM) SI IC50 (µM) SI IC50 (µM) 

RDV >50 0.32 >156 24 >2.08 1.0 

3a >50 0.67 >74.6 >50   

3b 15 0.30 50.0 36 0.417 NDb 

3c 27 0.50 54.0 >50  0.19 

3d >50 7.2 >6.94 >50   

3e 41 0.25 164 29 1.41 ND 

4a >50 0.71 >70.4 >50   

4b 7.4 0.16 46.3 14 0.529 ND 

4c 20 0.45 44.4 >50  0.83 

4d >50 2.9 >17.2 >50  ND 

4e 23 0.28 82.1 >50  ND 

5a >50 12.1 >4.13 >50  ND 

5b >50 >50  >50  >5.0 

Myristic acid >50 >50 >50 >50   

4-Oxatetradecanoic acid  >50 >50 >50 >50   

12-thioethyldodecanpic acid  >50 >50 >50 >50   

12-Azidododecanoic acid  >50 >50 >50 >50   

6a  25.1 0.13 193 25.9 0.969 ND 

6b 44 0.09 489 25 1.76 ND 
aData reported are n = 3. bND-not determined. cData reported are n=2. 361 

2.4. Plasma stability 362 

To analyze the stability imparted by fatty acylation of the parent compound, we determined 363 

the percentage digestion of RDV and one of the lead fatty acyl derivatives of RDV (4c) in the 364 

presence of human plasma and analyzed the data using high resolution Liquid Chromatography 365 

Quadrupole Time-Of-Flight mass spectrometry (LC-QTOF-MS) (Supporting Information, Figures 366 

S93-S96). Data are represented in the form of percentage degradation of test compound against 367 
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time by measuring area under the curve in extracted ion chromatogram (EIC, Figure 2). For RDV, 368 

around 13% degradation was observed after 1h. However, only 47% RDV was observed at the 2 369 

h time point. However, no degradation was observed after 2 h incubation for 4c, and the parent 370 

compound remained intact by 77.9% after 4 h incubation. The results clearly indicate the 371 

significant effectiveness of fatty acylation to improve the half-life of RDV. 372 

Approximately 22.2% of the active triphosphate metabolite of remdesivir (RDV-373 

triphosphate) was observed at the 12 h time point, which was further increased to 26.3% at 24 h. 374 

Similarly, 11.3%, 10.04%, and 19.01% of the active triphosphate metabolite of 4c were observed 375 

at 8 h, 12 h, and 24 h, respectively. Further studies will be conducted in the future to determine the 376 

outcome of the triphosphate metabolite of 4c and the effect of the fatty acyl chain on its activity. 377 

However, these studies show that the metabolism of these compounds occurs first through 378 

phosphorylation.  379 

Figure 2. A) Chemical structures of parent molecules and their observed metabolites. B) Plasma 381 

stability of remdesivir and 4c. 382 
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3. Conclusion 383 

The modification of existing nucleoside analogs with fatty acids has been previously 384 

demonstrated to improve antiviral activity through a variety of mechanisms, including increasing 385 

their bioavailability and half-life. This suggests a mechanism by which the antiviral activity of 386 

RDV may be further improved. In this study, we demonstrate that controlled fatty acylation of 387 

RDV results in two structural isomers of 2′ and 3′ fatty acyl RDV derivatives. The yield of 3′-fatty 388 

acyl RDV was higher than 2′-fatty acyl RDV due to the 3′-hydroxyl groups of RDV seeming to be 389 

more reactive than the 2′-hydroxyl group. Further, controlling the feed ratio of the fatty acid and 390 

RDV controlled the formation of products (mono and/or diconjugates).  391 

To assess the antiviral activity of the new fatty acyl conjugates, we evaluated them against 392 

SARS-COV-2, an EBOV trVLP system, and infectious EBOV. The higher lipophilicity of the new 393 

conjugates was expected to improve the permeability properties of the compounds, allowing the 394 

prodrug to achieve a higher concentration in the infected cells, relative to RDV. This effect was 395 

previously observed when increasing the lipophilicity of FTC, FLT, and 3TC improved cell 396 

permeability, suggesting that this conjugation may result in the development of antiviral prodrugs 397 

having a longer duration of action by the sustained intracellular release of active substrates at 398 

adequate concentrations and higher uptake into infected cells [19–21]. Most monofatty acyl 399 

derivatives of RDV demonstrated IC50 values against SARS-CoV-2 that were only slightly 400 

decreased relative to RDV. This may be attributable to slow hydrolysis of the conjugates to RDV. 401 

Against the EBOV trVLP and infectious EBOV, most of the monofatty acyl conjugates had IC50s 402 

similar to that of RDV.  403 

Overall, these data together indicate that RDV can be modified with fatty acids at positions 404 

2′ or 3′, without demonstrating a significant loss of antiviral activity in cell culture against SARS-405 

CoV-2 and EBOV while generating long-acting effect in vitro. Future studies will determine if 406 

these modifications result in greater long-acting effect, bioavailability, and stability in animal 407 

models. 408 

 409 

4. Experimental Section  410 
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4.1. Materials 411 

Compound 1 (RDV) was purchased from Hangzhou Molcore Biopharmatech Co., Ltd 412 

(Hangzhou, China). 12-Bromododecanoic acid, 2-ethanethiol, sodium azide, oxalyl chloride were 413 

purchased from MilliporeSigma (USA). All the other reagents, including solvents, were purchased 414 

from Fisher Scientific (USA). The final products were purified on a Phenomenex Gemini 10 μm 415 

ODS reversed-phase column (2.1 × 25 cm) with semi-preparative Shimadzu HPLC system using 416 

a gradient system at a constant flow rate of 7 mL/min for derivatives 3a-e and 4a-e, and 9 mL/min 417 

for products 5a and 5b. 418 

The purity of the compounds was confirmed by using a Shimadzu analytical HPLC system 419 

on a C18 column (Phenomenex Synergi™ 4 µm Hydro-RP 80 Å, LC Column 250 x 4.6 mm) using 420 

a gradient system (water/acetonitrile) at a constant flow rate of 1 mL/min with UV detection at 421 

254 nm. Analytical HPLC confirmed the purity of the final products. The chemical structures of 422 

final products were characterized by nuclear magnetic resonance spectrometry 1D NMR (1H, 13C) 423 

and 2D NMR spectra (HSQC, HSQC-TOCSY, HMBC, COSY) measured on a Bruker NMR 424 

spectrometer (400 MHz). The chemical shifts were reported in parts per millions (ppm). The 425 

compounds' molecular weight was confirmed by a high-resolution mass spectroscopy time-of-426 

flight electrospray mass spectrometer using (Phenomenex Luna, 4 um C18 150 x 4.6 mm HPLC 427 

Column).  428 

Huh-7 (a generous gift from the Gordan lab at the University of California at San Fransico), 429 

Vero E6 (ATCC CRL-1586), and Calu3 (ATCC HTB-55) cells were maintained in Dulbecco’s 430 

minimal essential medium (DMEM) with 10% fetal bovine serum (FBS) and cultured at 37°C and 431 

5% CO2. SARS-CoV-2, strain USA/WA1/2020, was obtained from the World Reference 432 

Collection for Emerging Viruses and Arboviruses at the University of Texas Medical Branch-433 

Galveston. Stocks of SARS-CoV-2 were grown and titered on Vero E6 cells as described 434 

previously [32]. pCAGGS VP35, pCAGGS NP, pCAGGS VP30, pCAGGS L, pCAGGS T7 and 435 

a constitutively expressed firefly plasmid, pCAGGS ce-FF, were previously [34,35]. The EBOV 436 

tetracistronic minigenome (EBOV trVLP) reporter was synthesized by Genscript, based on the 437 

tetracistronic minigenome described in Watt et al., [31] and cloned into the plasmid pM1. 438 

 439 
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4.2. Preparation of fatty acyl chloride 440 

The fatty acids namely 12-azidododecanoic acid and 12-ethylthiododecanoic acid were 441 

prepared according to the previously reported methods described [36,37], and purified by HPLC. 442 

The appropriate fatty acid (3.0 mmol) was dissolved in 5 mL of anhydrous benzene. Then oxalyl 443 

chloride (300 μL, 3.6 mmol) was added to the solution of fatty acid, and the reaction mixture was 444 

stirred at room temperature (25 °C) for 5 h. The solvents were evaporated to dryness under reduced 445 

pressure to get the corresponding fatty acid chloride as yellow syrup. 446 

4.3 General procedure for the synthesis of monofatty acyl RDV conjugates 3a-e and 4a-e  447 

Remdesivir (1, 61 mg, 0.1 mmol) was dissolved in an anhydrous DCM/THF (2:1, 40 mL) followed 448 

by addition of DIPEA (8 equiv, 140 µL, 0.8 mM). The freshly prepared acid chloride (2a-e, 1.5 449 

equiv, 0.15 mmol) was dissolved in (10 mL) of anhydrous DCM and added to the mixture dropwise 450 

over 60 min. The reaction mixture was kept stirring at 40 °C for 6-9 h. LC/MS was used to monitor 451 

the progress of the reaction. Upon completing the reaction, the reaction mixture was cooled down 452 

to room temperature, the solvents were evaporated to dryness, and the crude product was dissolved 453 

in acetonitrile+water+0.1% trifluoroacetic acid (TFA). A C18 reverse phase column was used for 454 

purification and separation of different isomers of conjugates 3a-e and 4a-e using a gradient of 455 

acetonitrile/water containing 0.1% TFA at the flow rate of 7 mL/min using a semipreparative 456 

HPLC system. 457 

4.3.1. (2R,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((((R)-1-(2-458 

ethylbutoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydroxytetra- 459 

hydrofuran-3-yl tetradecanoate (3a). Compound 3a was obtained by the reaction of 1 with 460 

myristoyl chloride (2a). Yield (3.23 mg, 5.3%, colorless solid). 1H NMR (400 MHz, CDCl3) δ 461 

7.81 (s, 1 H), 7.30 (t, J = 7.6 Hz, 2H), 7.17 (d, J = 7.6 Hz, 3H), 7.09 (d, J = 5.6 Hz, 1H), 6.99 (d, 462 

J = 4.8 Hz, 1H), 5.82 (d, J = 5.6 Hz, 1 H), 4.54-4.44 (m, 2H), 4.42-4.35 (m, 2H), 4.06 (dd, J = 6.0, 463 

6.0 Hz, 1H), 3.98 (dd, J = 5.6, 6.0 Hz, 1 H), 3.95-3.90 (m, 1H), 2.62 (br, 1 H, NH), 2.52 (t, J = 7.6 464 

Hz, 2H), 1.72-1.63 (m, 2H), 1.54-1.46 (m, 1H), 1.36-1.25 (m, 27 H), 0.89-0.84 (m, 9H). 13C NMR 465 

(101 MHz, CDCl3) δ 173.81, 172.75, 151.22, 150.54, 136.38, 130.03, 129.87, 125.44, 120.02, 466 

115.17, 114.62, 114.02, 109.22, 82.54, 78.36, 74.58, 69.31, 68.02, 65.05, 50.37, 40.33, 34.22, 467 
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32.07, 29.80, 29.63, 29.51, 29.37, 29.21, 24.83, 23.29, 22.84, 21.06, 14.27, 11.10, HR-MS (ESI-468 

TOF) (m/z): C41H61N6O9P, calcd., 812.9458; found, 813.4431 [M + H]+ . 469 

 470 

4.3.2. ((2R,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((((R)-1-(2-471 

ethylbutoxy)-1-oxopropanyl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydroxytetra- 472 

hydro- furan-3-yl 3-(decyloxy)propanoate (3b). Compound 3b was obtained by the reaction of 473 

1 with 3-(decyloxy)propanoyl chloride (2b). Yield (3.3 mg, 5.3%, colorless solid). 1H NMR (400 474 

MHz, CDCl3) δ 7.85 ( s, 1 H), 7.28 (t, J = 7.6 Hz, 2H), 7.15 (dd, J = 8.4, 7.6 Hz, 3H), 7.08 (d, J 475 

=5.6 Hz, 1 H), 6.99 (d, J = 5.6 Hz, 1H), 5.83 (d, J = 5.6 Hz, 1 H), 4.53-4.43 (m, 2H), 4.43–4.31 476 

(m, 2H), 4.08 (dd, J = 5.6, 6.0 Hz, 1H), 4.00-3.95 (m, 2H), 3.94-3.88 (m, 1H), 3.73-3.65 (m, 2H), 477 

3.55-3.42 (m, 2H), 2.76 (t, J = 7.6 Hz, 2H), 1.57-1.47 (m, 3H), 1.34-1.23 (m, 24H), 0.89-0.84 (m, 478 

9H). 13C NMR (101 MHz, CDCl3) δ 173.53, 172.62, 150.65, 150.46, 137.57, 130.21, 128.03, 479 

124.98, 120.09, 115.99, 114.68, 113.77, 107.31, 82.38, 78.37, 74.70, 71.54, 69.43, 67.99, 65.70, 480 

65.07, 50.36, 40.31, 34.22, 32.06, 29.80 29.63, 29.50, 29.41, 29. 27, 26.13, 23.29, 22.83, 21.16, 481 

14.27, 11.05. HR-MS (ESI-TOF) (m/z): C40H59N6O10P, 814.9178; found, 815.4182 [M + H]+.  482 

 483 

4.3.3. (2R,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((((R)-1-(2-484 

ethylbutoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydroxytetra 485 

hydrofuran-3-yl palmitate (3c). Compound 3c was obtained by the reaction of 1 with 12-486 

azidododecanoyl chloride (2c). Yield (4.27 mg, 7%, colorless solid). 1H NMR (400 MHz, CDCl3) 487 

δ 7.80 ( s, 1 H, H-2 of the pyrrolotriazine ring), 7.29 (t, J =7.6 Hz, 2 H, phenyl m-Hs), 7.18 (d, J 488 

=8.0 Hz, 3H phenyl  o- and p-Hs), 7.14 (d, J = 4.8 Hz, 1H), 6.99 (d, J = 4.4 Hz, 1H), 5.81 (d, J= 489 

5.2 Hz, 1H), 4.53-4.43 (m, 2 H), 4.43-4.33 (m, 2H), 4.14 (t, 1H) 4.06 (dd, J = 5.8, 5.8 Hz, 1H), 490 

3.99 (dd, J = 5.7, 5.6 Hz, 2H), 3.25 (t, J = 6.8 Hz, 2H), 2.52 (t, J = 7.6 Hz, 2H), 1.72-1.65 (m, 2H), 491 

1.62 -1.55 (m, 2H), 1.52-1.46 (m, 1H), 1.36-1.27 (m, 23 Hs), 0.86 (t, J = 7.4 Hz, 6H). 13C NMR 492 

(101 MHz, CDCl3) δ 173.82, 172.49, 150.98, 150.53, 137.39, 130.03 128.13, 125.44, 119.96, 493 

114.58, 114.31, 114.01, 108.10, 82.54, 78.34, 74.61, 69.20, 68.02, 64.92, 51.63, 50.40, 40.33, 494 

34.19, 29.58, 29.26, 29.16, 28.96, 26.84, 24.80, 23.29, 21.02, 11.10. HR-MS (ESI-TOF) (m/z): 495 

C39H56N9O9P, calcd, 825.9048; found, 826.4096 [M + H]+.  496 
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 497 

4.3.4. (2R,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((((R)-1-(2-498 

ethylbutoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydroxytetra 499 

hydrofuran-3-yl palmitate (3d). Compound 3d was obtained by the reaction of 1 with palmitoyl 500 

chloride (2d). Yield (6.0 mg, 10%, colorless solid). 1H NMR (400 MHz, CDCl3) δ 7.82 (s, 1H), 501 

7.30 (t, J = 7.6 Hz, 2H), 7.18 (dd, J =8.0, 8.0 Hz, 3H), 7.11 (d, J = 4.4 Hz, 1H), 6.98 (d, J = 4.8 502 

Hz, 1H), 5.82 (d, J = 5.6 Hz, 1H), 4.52-4.45 (m, 2H), 4.40-4.30 (m, 2 H), 4.07 (dd, J = 6.0, 6.0 Hz, 503 

1H), 4.00 (dd, J = 5.6, 5.6 Hz, 1H), 3.93-3.86 (m, 1 H), 2.50 (t, J = 7.6 Hz, 2H), 1.71-1.59 (m, 2H), 504 

1.53-1.47 (m, 1 H), 1.37-1.25 (m, 31H), 0.89-0.84 (m, 9 H). 13C NMR (101 MHz, CDCl3) δ 505 

173.46, 172.52, 150.80, 150.46, 137.22, 130.05, 128.43, 125.45, 120.05, 115.20, 114.57, 114.11, 506 

108.11, 82.50, 78.33, 74.65, 69.30, 68.02, 65.00, 50.42, 40.33, 34.22, 32.07, 29.85, 29.64, 29.51, 507 

29.36, 29.23,  , 24.84, 23.26, 22.84, 21.08, 14.27, 11.06. HR-MS (ESI-TOF) (m/z): C43H65N6O9P, 508 

840.9866; found, 841.4703 [M + H]+. 509 

 510 

4.3.5. 2R,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-(((((®-1-(2-511 

ethyl-butoxy)-1-oxopropanyl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydroxy-512 

tetrahydro-furan-3-yl 12-(ethylthio)dodecanoate (3e). Compound 3e was obtained by the 513 

reaction of 1 with 12-(ethylthio)dodecanoyl chloride (2e). Yield (5.49 mg, 9%, colorless solid). 1H 514 

NMR (400 MHz, CDCl3) δ 7.79 (s, 1 H), 7.30 (t, J = 7.6 Hz, 2H), 7.19 (dd, J = 7.2, 8.4 Hz, 3H), 515 

7.11 (d, J = 4.8 Hz, 1H), 6.93 (d, J = 4.8 Hz, 1H), 5.84 (d, J = 5.6 Hz, 1 H), 4.51-4.44 (m, 2 H), 516 

4.39-4.30 (m, 2 H), 4.18 (t, 1H), 4.06 (dd, J = 6.0, 6.0 Hz, 1H), 3.97 (dd, J = 5.6, 6.0 Hz, 1H), 517 

3.94-3.89 (m, 1 H), 2.56-2.45 (m, 6H), 1.72-1.65 (m, 2H), 1.61-1.53 (m, 2H), 1.51-1.46 (m, 1H), 518 

1.36-1.23 (m, 24 H), 0.88-0.83 (dt, J = 4.36, 7.4 Hz, 6H). 13C NMR (101 MHz, CDCl3): δ 173.49, 519 

172.58, 151.51, 150.50, 138.65, 130.00, 127.30, 125.38, 120.06, 115.44, 114.76, 116.66, 107.36, 520 

82.53, 78.47, 74.58, 69.27, 67.96, 65.72, 50.36, 40.18, 34.11, 31.80, 29.78, 29.64, 29.58, 29.37, 521 

29.17, 29.09, 26.05, 24.83, 23.28, 21.10, 14.96, 11.04. HR-MS (ESI-TOF) (m/z): C41H61N6O9PS 522 

844.9995; found, 845.4168 [M + H]+. 523 

 524 
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4.3.6. (2R,3S,4R,5R)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-2-((((((R)-1-(2-525 

ethylbutoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydroxy 526 

tetrahydro-furan-3-yl tetradecanoate (4a). Compound 4a was obtained by the reaction of 1 with 527 

myristoyl chloride (2a). Yield (39.6 mg, 65%, colorless solid). 1H NMR (400 MHz, CDCl3) δ 7.85 528 

(s, 1H), 7.19 (t, J = 7.6 Hz), 7.07 (dd, J = 5.6, 3.2 Hz, 3H), 7.01 (d, J = 5.2 Hz, 1 H), 6.92 (d, J = 529 

4.4 Hz, 1H), 5.33 (dd, J = 2.8, 2.8 Hz, 1H), 4.71 (d, J = 6 Hz, 1H), 4.60-4.54 (br. m, 1 H), 4.41-530 

4.30 (m, 2 H), 4.07 (dd, J = 5.6 Hz, 5.6 Hz, 1H), 3.99-3.94 (m, 2H), 3.93-3.88 (m, 1H), 2.48 (dt, J 531 

= 7.6 Hz, 2.8 Hz, 2H), 1.73-1.65 (m, 2 H), 1.53-1.47 (m, 1H), 1.35-1.25 (m, 27 H), 0.89-0.85 (m, 532 

9 H). 13C NMR (101 MHz, CDCl3) δ 173.64, 173.54, 152.83, 150.46, 141.79, 130.01, 129.81, 533 

125.23, 120.08, 115.58, 114.88, 112.92 105.55, 83.28, 78.67, 75.04, 72.39, 67.93, 65.77, 50.37, 534 

40.31, 34.19, 32.06, 29.80, 29.63, 29.50, 29.40, 29.26, 24.85, 23.25, 22.83, 21.12, 14.27, 11.10. 535 

HR-MS (ESI-TOF) (m/z): C41H61N6O9P calcd., 812.4635 found, 813.4425 [M + H]+. 536 

 537 

4.3.7. (2R,3S,4R,5R)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-2-((((((R)-1-(2-538 

ethylbutoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydroxy- 539 

tetrahydrofuran-3-yl-3-(decyloxy)propanoate (4b). Compound 4b was obtained by the 540 

reaction of 1 with 3-(decyloxy)propanoyl chloride (2b). Yield (32.3 mg, 53%, colorless solid). 541 
1H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.24 (t, J =7.6 Hz, 2H), 7.09 (t, J = 8 Hz, 3 H), 7.04 542 

(d, J = 3.2 Hz, 1H), 6.98 (d, J = 4.0 Hz, 1H), 5.53 (dd, J = 2.0, 2.4 Hz, 1H), 4.84 (d, J = 5.6 Hz, 543 

1H), 4.64-4.57 (br. m, 1H), 4.40-4.30 (m, 2 H), 4.08 (dd, J= 6.0, 6.0 Hz, 1H), 3.99 (dd, J = 6.0, 544 

5.6 Hz, 1H),  3.96 -3.90 (m, 2 H), 3.80-3.66 (m, 2 H), 3.55-3.42 (m, 2 H), 2.77 (t, J = 6.0 Hz, 2H), 545 

1.55-1.46 (m, 3 H), 1.35-1.25 (m, 21 H), 0.90-0.85 (m, 9 H). 13C NMR (101 MHz, CDCl3) δ 546 

173.48, 170.42, 151.72, 150.45, 138.99, 129.91, 127.63, 125.36, 120.15, 115.37, 114.01, 113.86, 547 

107.01, 82.83, 78.27, 75.41, 72.01, 71.72, 67.95, 65.86, 65.69, 50.39, 40.33, 35.43, 32.03, 29.72, 548 

29.55, 29.45, 26.06, 23.26, 22.82, 21.20, 14.26, 11.06. HR-MS (ESI-TOF) (m/z): C40H59N6O10P 549 

814.9178; found, 815.4215 [M + H]+. 550 

 551 

4.3.7. (2R,3S,4R,5R)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-2-((((((R)-1-(2-552 

ethylbutoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydroxy- 553 
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tetrahydrofuran-3-yl-12-azidododecanoate (4c). Compound 4c was obtained by the reaction of 554 

1 with 12-azidododecanoyl chloride (2c). Yield (30.50 mg, 50%, colorless solid). 1H NMR (400 555 

MHz, CDCl3) δ 7.84 (s, 1H), 7.22 (t, J = 7.2 Hz, 2 H), 7.18 (d, J =7.6 Hz, 1 H), 7.06 (dd, J= 6.8, 556 

7.6 Hz, 3H), 6.98 (d, J = 3.6 Hz, 1H), 5.30 (dt, J = 2.8, 3.2 Hz, 1H), 4.77 (d, J = 5.2 Hz, 1H), 4.62-557 

4.54 (br. m, J = 5.6 Hz, 1H), 4.44-4.29 (m, 2 H), 4.06 (dd, J = 6.0, 6.0 Hz, 1H), 3.99 (dd, J = 5.6, 558 

5.6 Hz, 1H), 3.93-3.85 (m, 1 H), 3.81 (d, J = 7.6 Hz, 1H), 3.25 (t, J = 6.8 Hz, 2H), 2.48 (t, J = 7.6 559 

Hz, 2H), 1.71-1.66 (m, 2 H), 1.61-1.55 (m, 2 H), 1.52-1.46 (m, 1H), 1.35-1.25 (m, 23 H), 0.87 (t, 560 

J= 7.6 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 173.63, 173.51, 150.83, 150.31, 137.73, 129.94, 561 

128.40, 125.42, 120.06, 115.28 , 114.15, 113.90, 108.62, 83.23, 78.35, 74.93, 72.23, 67.99, 65.81, 562 

51.62, 50.37, 40.31, 34.16,  29.84, 29.57, 29.33, 29.27, 28.96, 26.84, 24.82, 23.24, 20.99, 11.10. 563 

HR-MS (ESI-TOF) (m/z): C39H56N9O9P: 825.9048, 826.4135 [M + H]+. 564 

 565 

4.3.8. (2R,3S,4R,5R)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-2-((((((R)-1-(2-566 

ethylbutoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydrox-567 

ytetrahydrofuran-3-yl pentadecanoate (4d). Compound 4d was obtained by the reaction of 1 568 

with palmitoyl chloride (2d). Yield (39.0 mg, 64%, colorless solid). 1H NMR (400 MHz, CDCl3) 569 

δ 7.86 (s, 1 H, H-2 of the pyrrolotriazine ring), 7.22 (t, J = 7.6 Hz, 2 H), 7.18 (d, J = 7.6 Hz, 570 

1H),7.09 (dd, J = 7.2, 8.0 Hz, 3H), 6.98 (d, J = 4.8 Hz, 1 H), 5.30 (dd, 1 H, J = 2.4, 2.8 Hz,), 4.76 571 

(d, J = 6.0 Hz, 1 H), 4.60-4.53 (br. m, 1 H), 4.45-4.29 (m, 2 H), 4.06 (dd, J = 5.6, 6.0 Hz,1 H), 572 

3.99 (dd, J = 5.6, 6.0 Hz, 1H), 3.93-3.85 (m, 1H), 2.46 (t, J = 7.6 Hz, 2 H), 1.72-1.62 (m, 2 H), 573 

1.53-1.47 (m, 1H), 1.33-1.25 (m, 31H), 0.89-0.85 (m, 9 H). 13C NMR (101 MHz, CDCl3) δ 173.51, 574 

173.43, 150.37, 150.27, 136.44, 129.95, 129.13, 125.52, 120.04, 114.99, 114.22, 113.79, 109.26, 575 

83.29, 78.22, 75.10, 72.13, 68.04, 65.87, 50.35, 40.31, 34.15, 32.07, 29.81, 29.63, 29.51, 29.39, 576 

29.25, 24.84, 23.23, 22.84 (CH2-15 of the fatty acid moiety), 20.89, 14.27, 11.02. HR-MS (ESI-577 

TOF) (m/z): C43H65N6O9P, 840.9998; found, 841.4892 [M + H]+.  578 

 579 

4.3.8. ((2R,3S,4R,5R)-5-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-5-cyano-2-((((((R)-1-(2-580 

ethyl-butoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)-4-hydroxy-581 

tetrahydro-furan-3-yl 12-(ethylthio)dodecanoate (4e). Compound 4e was obtained by the 582 
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reaction of 1 with 12-(ethylthio)dodecanoyl chloride (2′e) .Yield (33.6 mg, 55%, colorless solid). 583 
1H NMR (400 MHz, CDCl3) δ 7.83 (s, 1H) , 7.23 (t, J = 7.6 Hz, 2H), 7.17 (d, J = 7.2 Hz, 1H),7.08 584 

(dd, J = 7.6, 7.2 Hz, 3H), 6.96 (d, J = 4.0 Hz, 1H), 5.31 (dd, J = 2.8, 2.8 Hz, 1H), 4.81 (d, J = 5.2 585 

Hz, 1H), 4.61-4.53 (m, J = 6.0 Hz, 1H), 4.41- 4.34 (m, 2H), 4.06 (dd, J = 5.6, 5.6 Hz, 1 H), 3.98 586 

(dd, J = 6.0, 5.6 Hz, 1 H), 3.94-3.90 (m, 1 H), 2.52-2.43 (m, 6 H), 1.72-1.63 (m, 2 H), 1.61-1.53 587 

(m, 2 H), 1.52-1.47 (m, 1 H), 1.34-1.23 (m, 24H), 0.87 (t, J = 7.6 Hz, 6H). 13C NMR (101 MHz, 588 

CDCl3), δ 173.85, 173.48, 150.71, 150.38, 137.96, 129.93, 128.42, 125.41, 120.07, 115.23, 589 

114.17, 113.83, 108.41, 83.24, 78.34, 75.07, 72.23, 67.99, 65.82, 50.39, 40.32, 34.17, 33.74, 32.96, 590 

31.80, 29.80, 29.65, 29.57, 29.36, 29.24, 29.11, 28.89, 28.30, 26.04, 24.83, 23.25, 21.09, 14.98, 591 

11.10. HR-MS (ESI-TOF) (m/z): C41H61N6O9PS 844.9995; found, 845.4116 [M + H]+. 592 

 593 

4.4. General procedure for the synthesis of difatty acyl remdesivir conjugates 5a-b. A solution 594 

of 1 (20.40 mg, 0.033 mmol) was dissolved in an anhydrous DCM/THF (2:1, 20 mL) containing 595 

DIPEA (~ 8 equiv, 47 µL, 0.27 mM). Then this solution o was added gradually on three portions 596 

to a solution of freshly prepared fatty acyl chloride (5 equiv, 0.165 mmol) dissolved in (10 mL) of 597 

anhydrous DCM. The reaction mixture was kept stirring at 40 °C for 6-9 h. LC/MS was used to 598 

monitor the progress of the reaction. Upon completing the reaction, the reaction mixture was 599 

cooled down to room temperature, the solvents were evaporated to dryness, and the crude product 600 

was dissolved in acetonitrile + water + 0.1% TFA. The crude compound was purified using a C18 601 

column as mentioned above.  602 

 603 

4.4.1. ((2R,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((((R)-1-(2-604 

ethylbutoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)tetrahydro- furan-605 

3,4-diyl ditetradecanoate (5a). Compound 5a was obtained by the reaction of 1 with myristoyl 606 

chloride (2′a).Yield (~ 17.4 mg, 85.0 %, colorless solid). 1H NMR (400 MHz, CDCl3) δ 7.94 (s, 607 

1H), 7.29 (t, J = 7.6, 2H), 7.15 (dd, J = 8.4, 7.2 Hz, 3 H), 6.85 (d, J = 4.4, 1 H), 6.57 (d, J = 4.8 608 

Hz, 1 H), 6.22 (d, J = 5.6 Hz, 1H), 6.15-5.90 (br s, 2H), 5.52 (dt, J = 4.8, 0.8 Hz), 4.58 (dd, J = 609 

4.0, 4.0 Hz 1H), 4.39 (dd, J = 5.6, 4.4 Hz, 2H), 4.06 (dd, J = 5.6, 6.0 Hz, 1H), 4.01 (d, J = 3.2 Hz, 610 

1 H), 3.99 (dd, J = 6.0, 6.0 Hz, 2 H), 2.42-2.35 (m, 4 H), 1.52-1.45 (m, 1 H), 1.36-1.24 (m, 47 H), 611 
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0.89-0.84 (m, 12 Hs). 13C NMR (101 MHz, CDCl3) δ 173.58, 172.71, 171.87, 150.69, 150.62, 612 

146.95, 129.85, 125.12, 122.11, 120.23, 117.02, 115.32, 112.78, 100.77, 82.07, 71.99, 70.45, 613 

67.75, 65.45, 50.36, 40.31, 34.01, 32.06, 29.80, 29.77, 29.63, 29.50, 29.45, 29,39, 29.20, 24.86, 614 

24.75 23.29, 22.72, 21.25, 14.26, 11.06. HR-MS (ESI-TOF) (m/z): C55H87N6O10P, calcd., 615 

1023.3068; found, 1023.6637 [M + H]+. 616 

 617 

4.4.2. (2R,3R,4R,5R)-2-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-cyano-5-((((((R)-1-(2-618 

ethylbutoxy)-1-oxopropan-2-yl)amino)(phenoxy)phosphoryl)oxy)methyl)tetrahydrofuran-619 

3,4-diyl ditetradecanoate (5b). Compound 5b was obtained by the reaction of 1 with 12-620 

azidododecanoyl chloride (2′c). Yield (15.3 mg, 75%, colorless solid). 1H NMR (400 MHz, 621 

CDCl3) δ 7.76 (s, 1 H), 7.28 (t, J = 8.0 Hz, 2H), 7.14 (t, J = 2.8, 5.6 Hz, 3 H), 7.07 (d, J = 4.8 Hz, 622 

1H), 6.90 (d, J = 4.8 Hz, 1H), 6.01 (d, J = 6.4 Hz, 1H), 5.46 (dt, J = 4.4, 1.6 Hz, 1H), 4.65-4.56 623 

(m, 1 H), 4.42-4.38 (m, 2H), 4.09 (dd, J = 6.0, 6.0 Hz, 1H), 4.05-3.95 (m, 2H), 3.81 (d, J = 3.2 Hz, 624 

1H), 3.25 (dt, J = 6.8, 2.4 Hz, 4H), 2.42-2.35 (m, 4H), 1.69-1.55 (m, 8H), 1.53-1.47 (m, 1H), 1.39-625 

1.25 (m, 39 H), 0.88 (t, J = 7.6 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 173.47, 172.71, 171.73, 626 

150.85, 150.37, 137.26, 130.01, 126.89, 125.44, 120.19, 114.63 114.51, 114.29, 107.99, 82.66, 627 

78.91, 72.62, 70.06, 67.92, 65.41, 51.61, 50.42, 40.33, 34.03, 33.92, 32.06, 29.79, 29.60, 29.40, 628 

29.28, 29.18, 28.97, 28.79, 26.85 & 24.84, 24.70, 23.30, 22.84, 11.10. HR-MS (ESI-TOF) (m/z): 629 

C51H77N12O10P, 1049.2077; found, 1049.6035 [M + H]+. 630 

 631 

4.5. General method for preparation of physical mixture 6a-d 632 

A solution of RDV (1, 20.40 mg, 0.033 mmol) was dissolved in an anhydrous THF (5 mL)  633 

containing DIPEA (~ 8 equiv, 47 µL, 0.27 mM). Then an equimolar solution of the fatty acid 634 

(0.033 mmol) was prepared by dissolving the proper fatty acid (2a-d) in a few mL of DCM and 635 

mixed under stirring at room temperature with RDV solution. The stirring was continued for 15-636 

20 min. and then the solvents were evaporated to complete dryness. The resulted colorless solid 637 

powder was kept under vacuum for few hours to make sure the complete removal of the moisture. 638 

 639 

4.6. Plasma Stability Study  640 
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The metabolic stability of RDV and one of the lead fatty acyl derivatives (4c) were assessed in 641 

human plasma supplemented with K2 EDTA as an anticoagulant. For accurate quantification, we 642 

employed a mass spectrometer (LC-QTOF-MS) with high resolving power. To remove the 643 

background interference, the data was processed by using narrower (±0.1 m/z) extracted ion 644 

chromatogram (EIC) window. Test compound (10 µM) was incubated in human plasma at 37 °C. 645 

10 µL aliquots were taken at different time points (0, 0.5, 1, 2, 4, 8, 12, and 24 h), and the plasma 646 

proteins were precipitated by the addition of cold ethanol (200 µL) and incubated for 30 min at -647 

20 °C. The samples were centrifuged at 9000g for 15 min, and the supernatant was transferred to 648 

a new tube and concentrated under vacuum. The samples dissolved in water and analyzed on 649 

Kinetex (phenomenex) C18 column (100 Å, 1.7 μ, 2.10 × 50 mm) at a flow rate of 0.3 mL/min 650 

using a linear gradient of aqueous acetonitrile in the presence of formic acid (TFA; 0.1%, v/v) as 651 

ion pair reagent. The analytes were quantified by their peak areas of EIC. The percentage digestion 652 

of the test compound was calculated relative to the peak areas at 0 min. 653 

 654 

4.7. Impedance-based Vero E6 anti-SARS-CoV-2 compound screening 655 

Compounds were screened for anti-SARS-CoV-2 activity on Vero E6 cells using the 656 

Maestro Z real-time cellular impedance platform (Axion Biosystems, Atlanta, GA) as described 657 

previously (PMID: 32743584). The Maestro Z instrument monitors resistance across cell 658 

monolayers, similar to trans-epithelial electrical resistance (TEER; PMID 23305242). Vero E6 659 

cells were plated to confluency (7.5 x 104 cells/well) in fibronectin-coated 96-well CytoView-Z 660 

electrode plates and docked into the Maestro Z instrument for 24-hours at 37°C and 5% CO2 to 661 

allow resistance measurements across the cell monolayer to stabilize. For compound treatment, 662 

growth media was removed from the wells of the CytoView-Z plates, and cells were pre-treated 663 

with serial 6-fold dilutions of the indicated compound in DMEM with 2% FBS and incubated at 664 

37°C and 5% CO2 for one hour. Cells were then infected with SARS-CoV-2 at an MOI of 0.01. 665 

Plates were docked into the Maestro-Z instrument, and resistance measurements were 666 

continuously recorded for 48 h. All plates contained media only and full lysis controls, as well as 667 

uninfected and SARS-CoV-2 infected DMSO-treated controls. For calculation of percent 668 

inhibition, raw resistance values were normalized to values at one-hour post-infection within the 669 

Axis-Z software. Percent inhibition was calculated with the following formula: % 670 

inhibition=100*(1-(1-average of treated cells)/(1-average of infected control)). Fifty percent 671 
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inhibitory concentration (IC50) values were calculated with Prism 9 (GraphPad) using a four-672 

parameter, nonlinear regression analysis. Compound toxicity was determined by monitoring 673 

changes in monolayer resistance between 1- and 24-hours post-infection, before virus-induced 674 

cytopathic effects become apparent.  675 

 676 

4.8. Calu3 compound testing and cytotoxicity 677 

Calu3 cells were seeded to confluency (7.5 x 104) in 96-well plates 24-hours prior to infection. 678 

The day of infection, cells were pre-treated with 3-fold dilutions of the indicated compound in 679 

DMEM with 2% FBS for one hour followed by infection with SARS-CoV-2 at an MOI of 0.01 680 

for 48 hours. The infection was performed in the presence of the compounds. After infection, 681 

supernatants were harvested and stored at -80°C until further analysis. To determine half-682 

maximal cell cytotoxicity concentration (CC50) values of the tested compounds, Calu3 cells (1 x 683 

104) were plated in black clear-bottom 96-well plates and 24 h later 3-fold serial dilutions of 684 

compounds were added. Forty-eight hours post-treatment, Cell-Tox green (Promega) was added, 685 

and fluorescent dye incorporation was determined using an EnVision plate reader. CC50 values 686 

were calculated with Prism 9 (GraphPad) using a four-parameter, nonlinear regression analysis. 687 

 688 

4.9. Quantification of SARS-CoV-2 from Calu3 compound testing 689 

Briefly, 40 µL After infection, supernatants were harvested and titered by immunofocus-forming 690 

assay on Vero E6 cells as previously described [32,33] of serially diluted supernatants from 691 

infected, compound treated Calu3 cells were plated onto confluent Vero E6 cells in 96-well 692 

plates for one hour. After one hour of adsorption at 37 °C and 5% CO2, 40 µL of 2.4% 693 

microcrystalline cellulose (MCC) overlay was added to each well of the 96-well plate to achieve 694 

a final MCC overlay concentration of 1.2%. Plates were then incubated at 37°C and 5% CO2 for 695 

24-hours. The MCC overlay was gently removed and cells were fixed with 10% neutral buffered 696 

formalin (NBF) for one hour at room-temperature (RT). After removal of NBF, monolayers were 697 

washed with ultrapure water and ice-cold 100% methanol with 0.3% H2O2 was added for 30 698 

minutes to permeabilize the cells and quench endogenous peroxidase activity. Monolayers were 699 
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then blocked in 5% non-fat dry milk (NFDM) in PBS for one hour and subsequently incubated 700 

with SARS-CoV N primary antibody (Novus Biologicals; NB100-56576 – 1:2000) overnight at 701 

4 °C in PBS, 5% NFDM. Monolayers were washed with PBS and incubated with an HRP-702 

conjugated secondary antibody (Cell Signaling; 7074) for one hour at RT in PBS, 5% NFDM. 703 

The secondary antibody was removed, monolayers were washed with PBS, and the assay was 704 

developed using TrueBlue substrate (KPL) for 30 minutes. Plates were imaged, and foci were 705 

counted by eye and recorded as focus forming units per milliliter (ffu/mL). Half-maximal 706 

inhibitory concentration (IC50) values were calculated with Prism 9 (GraphPad) using a four-707 

parameter, nonlinear regression analysis. 708 

4.10. Ebola trVLP assay 709 

To generate EBOV transcription and replication competent virus like particles (trVLPs), Huh-7 710 

cells (1 x 107) were plated in a 150 mm dish for 24 hours. Cells were then transfected using 711 

TransIT-LT1 (Mirius Bio) (ratio of 3 µl LT1 to 1 µg DNA) with the following plasmid amounts: 712 

1.25 µg pCAGGS VP35, 1.25 µg pCAGGS NP, 0.75 µg pCAGGS VP30, 10 µg pCAGGS L, 2.5 713 

µg pCAGGS T7 and 2.5 µg pM1 EBOV trVLP in 25 ml of 10% FBS DMEM. Seventy-two 714 

hours post transfection, the supernatant was collected and the trVLPs were precipitated using 5x 715 

PEG virus precipitation kit (BioVision). The pellet was resuspended in 2.5 ml of 10% FBS 716 

DMEM, aliquoted, flash frozen and stored at -80°C.  717 

To test the compound activity against the EBOV trVLP, Huh-7 cells (3 x 104) were transfected in 718 

suspension in 96-well format with TransIT-LT1 (ratio of 3 µl LT1 to 1 µg DNA) using a master 719 

mix, such that each well received 20 ng pCAGGS VP35, 20 ng pCAGGS NP, 12.5 ng pCAGGS 720 

VP30, 166 ng pCAGGS L and 2.5 ng of (pCAGGS ce-FF). Twenty-four hours post transfection, 721 

compounds were added in triplicate (0-50 µM, 2-fold dilution series) for one hour after which 722 

wells were infected with a volume of trVLP resulting in 5-10 x 106 relative luciferase units 723 

(RLU) at 24-hours post infection. This volume was determined by titering the trVLP stock on 724 

Huh-7 cells transfected as above in 96-well plate format (0-50 µl of trVLP, 2-fold dilution 725 

series). Twenty-four hours post infection, luciferase activity was read using a dual luciferase 726 

assay (Promega) and an EnVision plate reader. Half-maximal inhibitory concentration (IC50) 727 
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values were calculated with Prism 9 (GraphPad) using a four-parameter, nonlinear regression 728 

analysis.  729 

To determine half-maximal cell cytotoxicity concentration (CC50) values, Huh-7 cells (1 x 103) 730 

were plated in a 96-well plate, and 24-hours later compounds were added in triplicate (0-50 µM, 731 

2-fold dilution series). Twenty-four hours post-treatment, CellTiter-Glo (Promega) was added, 732 

and ATP content was determined by reading the luminescence using an EnVision plate reader. 733 

CC50 values were calculated with Prism 9 (GraphPad) using a four-parameter, nonlinear 734 

regression analysis. 735 

 736 

4.11. Quantificaiton of SARS-CoV-2 and EBOV trVLP RNA synthesis 737 

 SARS-CoV-2 or EBOV trVLP infection with drug treatment (1µM RDV, 5 µM 3a, 5 µM 738 

4b, 45 µM 5a/5b) were performed as previously described. RNA was extracted from cell 739 

monolayers using TRIzol reagent (ThermoFisher). Post extraction, RNA was DNase treated 740 

using ezDNase (ThermoFisher, Waltham, MA, USA) and subjected to first strand synthesis 741 

using SuperScript IV (ThermoFisher, Waltham, MA, USA) using the included random hexamer 742 

primers. qPCR was performed using PerfeCTa SYBR Green FastMix (VWR, Radnor, PA, USA) 743 

and primers for SARS-CoV-2 N (FWD: TAATCAGACAAGGAACTGATTA, REV: 744 

CGAAGGTGTGACTTCCATG) or Renilla luciferase (Fwd: AACGCGGCCTCTTCTTATTT, 745 

Rev: ATTTGCCTGATTTGCCCATA) and EBOV glucoprotein (GP) (Fwd: 746 

CAGCAGCGCCAGACGGGATT, Rev: GCAAAGTCTCCGGCACACGGT). RPS11 (FWD: 747 

GCCGAGACTATCTGCACTAC, REV: ATGTCCAGCCTCAGAACTTC) was used as an 748 

internal control (PMCID: PMC7796900, PMID: 24089551). Each assay was performed in 749 

triplicate with two technical replicates, and each assay contained no-template controls. Data were 750 

analyzed by the ∆∆Ct method with RPS11 serving as the housekeeping gene and uninfected 751 

DMSO treated cells as a mock control.   752 

 753 

 754 

 755 
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4.12. EBOV assay 756 

HeLa cells were plated (4 x 103) in a 384-well plate and grown overnight. The next day, cells 757 

were treated with compounds (starting at 5 mM with 2-fold serial dilutions) in duplicate to yield 758 

a 10-point dose curve. Each well was infected in a BSL-4 laboratory at the National Emerging 759 

Infectious Diseases Laboratories (NEIDL) with wild type EBOV at a MOI of 0.3. Cells were 760 

incubated with virus for 24 h at which point they were fixed by immersion into formalin 761 

overnight at 4°C.  The formalin was removed and plates were washed three times with PBS. 762 

Cells were stained with EBOV GP specific antibody 4F3 (IBT Bioservices, MD, USA) followed 763 

by Alexa546 secondary antibody.  Cell nuclei were stained using Hoechst at 1:50,000, and plates 764 

were imaged using a Cytation 1 (Biotek, VT, USA) automated microscope and nuclei and 765 

infected cells were counted using Cell Profiler software (Broad Inst. MA, USA). Infection 766 

efficiency was calculated as the ratio of infected to cell nuclei and normalized to vehicle (0.2% 767 

DMSO) treated controls.  768 

 769 

5. Statistical analysis  770 

IC50 and CC50 values were determined by fitting normalized percent inhibition data with a four 771 

parameter, non-linear regression in Graphpad Prism 9.  772 

 773 

Supplementary Materials 774 
 775 

Supplementary data to this article can be found online to report NMR and Mass Spectroscopy 776 

spectra of synthesized compounds as well as antiviral data for SARS-CoV-2 and EBOV trVLP 777 

and live EBOV experiments.  778 
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