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1. Molecular Modeling 

The Schrödinger Maestro(version 13.7) was used to perform the ensemble docking 

calculations. The HIV-1 reverse transcriptase X-ray structure used for the experiment 

had the PDB code: 3QIP. The protein’s 3D structure was prepared using the Protein 

Preparation Workflow. The protein preparation followed a standard protocol: (1) 

addition of missing hydrogen atoms to the X-ray structure, (2) removal of all 

crystallographic water, (3) assignment of ionizable state to each titrable groups by 

PropKa, and (4) energy minimization using OPLS4 force field to optimize all hydrogen-

bonding networks. The docking study was performed using Glide-docking module. The 

small molecule, taken from the PDB structures, was rocked into its corresponding 

protein structure at the Standard Precision (SP) without the need for any constraints. 

The stability of the simulation was assessed by monitoring the RMSD with respect to 

the minimized starting structure. The molecular docking result was generated using 

PyMol (http://pymol.sourceforge.net/). 

 

2. Molecular Dynamic Simulations 

We obtained the RMSF (Root Mean Square Fluctuation) (Figure 5A, Figure 5B), 

RMSD (Root Mean Square Deviation) (Figure 5C), dynamic hydrogen bond count 

(Figure 5D) using the GROMACS software. The RMSF plots (Figure 5A-5B) for p66 

and p51 further illustrated the structural fluctuation range of amino acid residues in both 

peptide chains upon the binding of compound 12b to the RT enzyme. The dynamics 

simulation software GROMACS (version 2023.3) was used to investigating the 

dynamic equilibrium stability of protein-ligand docking. We generated PDB files for 

the protein, ligand and magnesium ion using the molecular docking structure 

information obtained from Maestro. In the system environment of Ubuntu 22.04, we 

selected AMBER14 as the molecular force field. We selected a 0.15M sodium chloride 

(NaCl) aqueous solution as the environmental system and balanced the charges. We 

equilibrated the system at a temperature of 310 K and maintained standard atmospheric 

pressure as the equilibrium pressure. Then we ran the dynamics simulation. After that, 

we analyzed the simulation trajectory and obtained the results of RMSD, RMSF and 

numbers of H-bond. The gmx_MMPBSA(version 1.5.0.3) was used to calculate the 

binding free energy change. In the term of General namelist variables, we set start frame 

at “1”, the final frame at “5000”, the interval as 20 the temperature at 310k. 

http://pymol.sourceforge.net/


 

Figure S1. Ligand-RMSD comparison of three-time molecular dynamics simulation. 

3. Biology Experimental section 

3.1 Expression and purification of recombinant HIV-1 RTs. 

His-tagged p66/p51 HIV-1 RT group M subtype B coded in a p6HRT-prot plasmid was 

expressed in the Escherichia coli strain M15.1 Heterodimeric RTs were expressed 

essentially and purified as described.2 E. coli cells harboring the expression vector were 

cultured until reaching an optical density at 600 nm of 0.7. Induction of protein 

expression was achieved by treating the cells with 1.7 mM isopropyl β-D-1-

thiogalactopyranoside (IPTG) for a duration of 4 hours. The subsequent purification of 

the protein was performed using a BioLogic LP system (BioRad) employing a 

combination of immobilized metal affinity chromatography and ion exchange 

chromatography. 

To initiate the purification process, the cell pellets were resuspended in lysis buffer at a 

ratio of 1:2 (cell pellet volume: lysis buffer volume). The lysis buffer used consisted of 

50 mM sodium phosphate buffer with a pH of 7.8, supplemented with 0.5 mg/ml 

lysozyme. The resuspended cells were incubated on ice for 20 minutes. Following this, 

NaCl was added to achieve a final concentration of 0.3 M. The cells were then subjected 

to sonication, with four cycles of 60 seconds each, alternating between one second on 

and one second off. Subsequently, the cell lysate was centrifuged at 30, 000×g for 1 

hour. 

The supernatant obtained from the centrifugation step was loaded onto a Ni2+-NTA-

Sepharose column that had been pre-equilibrated with a loading buffer consisting of 50 

mM sodium phosphate buffer (pH 7.8), 0.3 M NaCl, 10% glycerol, and 10 mM 

imidazole. The column was washed with a buffer containing 50 mM sodium phosphate 

buffer (pH 6.0), 0.3 M NaCl, 10% glycerol, and 80 mM imidazole. The target protein, 

RT, was eluted using an imidazole gradient ranging from 0.08 M to 0.5 M in the wash 

buffer. Fractions containing the enzyme were collected and combined, and then diluted 

1:1 with 50 mM sodium phosphate buffer (pH 7.0) containing 10% glycerol. The 

diluted protein sample was loaded onto a Hi-trap heparin HP column that had been pre-

equilibrated with 10 column volumes of a loading buffer consisting of 50 mM sodium 

phosphate buffer (pH 7.0), 10% glycerol, and 150 mM NaCl. The column was washed 

with the loading buffer, and the RT enzyme was eluted using Elute Buffer 2, which 



comprised 50 mM sodium phosphate buffer (pH 7.0), 10% glycerol, and 1 M NaCl. 

The eluted fractions containing the purified protein were collected, and the protein was 

subsequently dialyzed and stored in a buffer composed of 50 mM Tris-HCl (pH 7.0), 

25 mM NaCl, 1 mM EDTA, and 50% glycerol. The catalytic activities of the purified 

protein samples were determined, and aliquots were stored at -80 °C for further use. 

 

3.2 RNase H Polymerase-Independent Cleavage Assay 

The HIV-1 RT-associated RNase H activity was measured as described.3 In summary, 

the reaction was performed in a black 96-well plate with a total volume of 100 μL. The 

reaction mix consisted of 50 mM Tris HCl (pH 7.8), 6 mM MgCl2, 1 mM dithiothreitol 

(DTT), 80 mM KCl, and 250 nM hybrid RNA/DNA substrate (50-

GTTTTCTTTTCCCCCCTGAC-30-Fluorescein, 50-

CAAAAGAAAAGGGGGGACUG-30-Dabcyl). Serial dilutions of compounds were 

added to the reaction mix. The reaction was initiated by adding 20 ng of HIV-1 wt RT, 

20 ng of R448A RT, 20 ng of K451A RT, 40 ng of K540 RT, 60 ng of Q475A RT, 500 

ng of N474A RT, 500 ng of Y501A RT, and 500 ng of W535A RT. The reaction mixture 

was then incubated at 37 °C for 1 hour. The products of the reaction were quantified 

using a Perkin-Elmer Victor 3 multilabel counter plate reader, with excitation and 

emission wavelengths set at 490/528 nm. The experiments were performed in duplicate 

and replicated at least two times to ensure reliability. The data obtained were analyzed 

according to the described methodology.4 Dose response curves were fitted to a 

nonlinear regression of (log10) dose vs normalized response-variable slope. Assay 

quality was assessed using the Z′-factor calculation with Z′ > 0.5 as the threshold for 

acceptance. Mean ± standard deviation of IC50 values were determined, and p values 

were calculated between the IC50 value against the wt and IC50 value against the 

mutants by paired, two-tailed t tests using GraphPad Prism 6.01 software (GraphPad 

Software, Inc.; San Diego, CA). Figures were made with GraphPad Prism 6 version 

6.01. 
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Figure S2. Inhibitory profile of compounds on HIV-1 RNase H activity. Panels A, B 

and C show the inhibitory profile of tested compounds, results represent the mean 

percentage ± sd of enzymatic activity calculated with respect to the control in presence 

of indicated concentration of compound. Experiments were performed in triplicate with 

at least three replicates per concentration. D panel shows the inhibitory profile of 

RDS1643 used as positive control 

 

4. Magnesium Complexation 

Complexation assays with Mg2+ were carried out on compounds 12b. The effects of the 

Mg2+ were evaluated by a spectrophotometric method, using the UV Spectrophotometer 

Lambda 1050+ and a Hellma quartz cuvette with a 1 cm optical path. MgCl2·6H2O was 

purchased from Aladdin Company. In the experimental study of the binding of 

compound 12b with Mg2+, we prepared solvent with a volume ratio of 

EtOH:dioxane:water = 1:1:1. We prepared 1000ml of this solvent and then weighed 

25.75 mg of compound 12b and dissolved it in the solvent. We take 500 mL of the 

solution and add magnesium chloride to achieve Mg2+ concentration of 10-3 M. Each 

cuvette contained 3ml solution, and the UV–vis spectrum was recorded between 150 

and 600 nm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5. 1H-NMR, 13C-NMR spectra and HRMS of compounds 

Methyl 7-methyl-3-oxo-5-phenyl-2,3-dihydro-5H-thiazolo[3,2-a]pyrimidine-6-carbox

ylate(9a). 

 

Methyl 5-(4-methoxyphenyl)-7-methyl-3-oxo-2,3-dihydro-5H-thiazolo[3,2-

a]pyrimidine-6-carboxylate(9c). 

 

 

 

 

 

 



Methyl 7-methyl-3-oxo-5-(2,3,4-trimethoxyphenyl)-2,3-dihydro-5H-thiazolo[3,2-

a]pyrimidine-6-carboxylate(9b).

 

Methyl 2-(2-(2-hydroxyphenyl)hydrazineylidene)-7-methyl-3-oxo-5-phenyl-2, 3-dihy

dro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (10a).  

 



 

 

(2-(6-(Methoxycarbonyl)-7-methyl-3-oxo-5-phenyl-5H-thiazolo[3, 2-a]pyrimidin-

2(3H)-ylidene)hydrazineyl)-3-methylbenzoic acid (10b). 

 



 

Methyl 7-methyl-3-oxo-5-phenyl-2-(2-(3, 4, 5-trimethoxyphenyl)hydrazineylidene)-2, 

3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (10c). 

 



 

Methyl 2-((2-(methoxycarbonyl)phenyl)diazenyl)-7-methyl-3-oxo-5-phenyl-2, 3-dihy

dro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (10d). 

 



 

5-Methoxy-2-(2-(6-(methoxycarbonyl)-7-methyl-3-oxo-5-phenyl-5H-thiazolo[3, 2-

a]pyrimidin-2(3H)-ylidene)hydrazineyl)benzenesulfonic acid (10e).

 



 

(6-(Methoxycarbonyl)-7-methyl-3-oxo-5-phenyl-5H-thiazolo[3, 2-a]pyrimidin-2(3H)-

ylidene)hydrazineyl)naphthalene-1-sulfonic acid (10f).

 



 

 

Methyl 2-(2-(2-acetylphenyl)hydrazineylidene)-7-methyl-3-oxo-5-phenyl-2, 3-dihydro-

5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (10g). 

 



 

 

 

Methyl 2-(2-(3, 4-dimethoxyphenyl)hydrazineylidene)-7-methyl-3-oxo-5-phenyl-2, 3-



dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (10h).

 

 



Methyl 2-(2-(2-methoxyphenyl)hydrazineylidene)-7-methyl-3-oxo-5-phenyl-2, 3-

dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (10i).

 

 



 

Methyl 7-methyl-3-oxo-5-phenyl-2-(2-phenylhydrazineylidene)-2, 3-dihydro-5H-

thiazolo[3, 2-a]pyrimidine-6-carboxylate (10j).

 

 



(2-(6-(Methoxycarbonyl)-7-methyl-3-oxo-5-phenyl-5H-thiazolo[3, 2-a]pyrimidin-

2(3H)-ylidene)hydrazineyl)benzenesulfonic acid (10k).

 

 



Methyl 7-methyl-2-(2-(3-nitrophenyl)hydrazineylidene)-3-oxo-5-phenyl-2, 3-dihydro-5H-thiazolo[3, 

2-a]pyrimidine-6-carboxylate (10l). 

 

 



Methyl 2-(2-(3-acetylphenyl)hydrazineylidene)-7-methyl-3-oxo-5-phenyl-2, 3-dihydro-

5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (10m).

 

 



Methyl 2-(2-(3-(methoxycarbonyl)phenyl)hydrazineylidene)-7-methyl-3-oxo-5-phenyl-

2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (10n).

 

 



Methyl 2-(2-(2-acetylphenyl)hydrazineylidene)-5-(4-methoxyphenyl)-7-methyl-3-oxo-

2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (12a).

 

 



Methyl 2-(2-(2-(methoxycarbonyl)phenyl)hydrazineylidene)-5-(4-methoxyphenyl)-7-

methyl-3-oxo-2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (12b). 

 



Methyl 2-(2-(3-(methoxycarbonyl)phenyl)hydrazineylidene)-5-(4-methoxyphenyl)-7-methyl-3-oxo-

2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (12c). 

 

 



(2-(6-(Methoxycarbonyl)-5-(4-methoxyphenyl)-7-methyl-3-oxo-5H-thiazolo[3, 2-a]py

r i mi d i n - 2 ( 3H) - y l i d ene ) hydr az i ney l ) - 3 - me t hy l benzo i c  ac i d  ( 12 d) .  

 

 



Methyl 5-(4-methoxyphenyl)-7-methyl-3-oxo-2-(2-(3, 4, 5-trimethoxyphenyl)hydrazi

neylidene)-2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (12e).

 

 



(6-(Methoxycarbonyl)-5-(4-methoxyphenyl)-7-methyl-3-oxo-5H-thiazolo[3, 2-a]pyri

midin-2(3H)-y l idene)hydraz ineyl )naphthalene -1-sul fonic  acid  (12f) .

 

 



Methyl 2-(2-(2-methoxyphenyl)hydrazineylidene)-7-methyl-3-oxo-5-(2, 3, 4-trimetho

xyphenyl)-2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (11a). 

 

 



Methyl 7-methyl-3-oxo-2-(2-phenylhydrazineylidene)-5-(2, 3, 4-trimethoxyphenyl)-2

,  3 - d i hy d ro - 5 H- t h i a zo l o [3 ,  2 - a ] pyr i mi d i ne - 6 - carb oxy l a t e  ( 11 b) .  

 

 



(2-(6-(Methoxycarbonyl)-7-methyl-3-oxo-5-(2, 3, 4-trimethoxyphenyl)-5H-thiazolo[3

, 2-a]pyrimidin-2(3H)-ylidene)hydrazineyl)-3-methylbenzoic acid (11c). 

 



Methyl 7-methyl-2-(2-(3-nitrophenyl)hydrazineylidene)-3-oxo-5-(2, 3, 4-

trimethoxyphenyl)-2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (11d). 

 

 



2-(2-(6-(Methoxycarbonyl)-7-methyl-3-oxo-5-(2, 3, 4-trimethoxyphenyl)-5H-

thiazolo[3, 2-a]pyrimidin-2(3H)-ylidene)hydrazineyl)benzenesulfonic acid (11e). 

 

 



5-Methoxy-2-(2-(6-(methoxycarbonyl)-7-methyl-3-oxo-5-(2,3,4-trimethoxyphenyl)-

5H-thiazolo[3,2-a]pyrimidin-2(3H)-ylidene)hydrazineyl)benzenesulfonic acid (11f).

 

 



(2-(6-(Methoxycarbonyl)-7-methyl-3-oxo-5-(2, 3, 4-trimethoxyphenyl)-5H-thiazolo[3, 

2-a]pyrimidin-2(3H)-ylidene)hydrazineyl)naphthalene-1-sulfonic acid (11g). 

 

 



Methyl 2-(2-(2-(methoxycarbonyl)phenyl)hydrazineylidene)-7-methyl-3-oxo-5-(2, 3, 4-

trimethoxyphenyl)-2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (11h). 

 

 



Methyl 2-(2-(2-acetylphenyl)hydrazineylidene)-7-methyl-3-oxo-5-(2, 3, 4-

trimethoxyphenyl)-2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (11i). 

 

 



Methyl 2-(2-(3-(methoxycarbonyl)phenyl)hydrazineylidene)-7-methyl-3-oxo-5-(2, 3, 4-

trimethoxyphenyl)-2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (11j). 

 

 



Methyl 2-(2-(3-acetylphenyl)hydrazineylidene)-7-methyl-3-oxo-5-(2, 3, 4-

trimethoxyphenyl)-2, 3-dihydro-5H-thiazolo[3, 2-a]pyrimidine-6-carboxylate (11k). 

 

 

 



HRMS 

 

Compound 10b [M + H]+ 
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