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I. Molecular Dynamics Simulation on 8a and 6k 

1. Methods 

The most active compounds from Series I (6k) and II (8a) were docked to the active 

site using Autodock 4.2.6 with default settings.S1 To keep the consistency of the MD 

simulation with the previously published HIV-1 CA monomer inhibitors, we used the 

same procedure for MD simulation and its analysis, refer to our previously published 

research for methodology.S2 

2. Results and Discussion 

The most active inhibitors of Series II (8a) and I (6k) were chosen for the MD for 1 s 

to find their binding interactions to the active site. The root mean square deviation 

(RMSD) of amino acids during the simulation was calculated for the monomer upon 

binding of both compounds, see Figure S1 A and C. According to the figure, binding 

of both compounds produced similar RMSD deviation from the X-ray structure. Also, 

the figure shows that the HIV-1 CA monomer exists in different conformational forms 

with a highly abundant conformational form. This indicates that the inhibitor could bind 

with different binding modes to the protein. The RMSD of 8a and 6k was calculated 

and plotted in Figure S1 B and C, respectively. The figure shows that 8a exists in 

different conformations, and 6k exists in few conformational ensembles. Different 

RMSD indicates that both inhibitors bind with different binding modes to the active 

site. 
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Figure S1. RMSD (heavy atoms) of amino acids of HIV-1 CA monomer in 8a (A) and 6k (C) in 

reference to the first frame of the MD simulation. RMSD (heavy atoms) of the bound inhibitors 8a 

(B) and 6k (D) regarding the docked conformer. 

 

To further investigate the binding studies of both compounds to the active site, the entire 

trajectory has been clustered based on each inhibitor (no fit). Clustering resulted in 

eighteen clusters for 8a and three clusters for 6k. The clustering procedure yielded two 

most populated clusters of the eighteen clusters in 8a, whereas 6k yielded one most 

populated cluster of the three clusters. Figure S2 A and B shows representative 

structure interactions of the first (24.3%) and second (10.3%) clusters of 8a, while 

Figure S3 C and D shows first (69.0%) and second (11.0%) clusters of 6k. The figure 

shows that both inhibitors bind in different binding modes to the active site. The binding 

of both compounds showed similarity to the binding of the reference inhibitor PF-74, 

where the core scaffold is oriented to the inside of the active site and the substituent is 

oriented to the outside of the active site. 

A B 

C D 
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Figure S2. Binding interactions of 8a in the first (A) and second (B) clusters. Binding interactions 

of 6k in the first (C) and second (D) clusters.  

 

The phenyl ring of the core region of both 8a and 6k forms hydrophobic interaction 

with Lys70 in the first cluster, and it does not form any interactions with Lys70 in the 

second cluster. Lys70 could form an ion-induced dipole with the benzene ring of the 

core region in the first cluster of 8a and the second cluster of 6k. Also, both inhibitors 

form aliphatic-aromatic hydrophobic interactions with Leu56 with its core benzene ring 

in the first cluster similar to the binding of PF-74. Leu56 is far from binding to the 

aromatic ring in the second cluster for both inhibitors. Accordingly, it is clear that, both 

A B 

C D 
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inhibitors bind the same way in the core region of the compound. Methoxy group of the 

core region does not form any interaction with the active site in both inhibitors binding. 

However, in the second cluster of 6k could form a hydrogen bond with Asn57. The 

oxygen atom of the core region amide forms a hydrogen bond to Asn57 in all clusters 

of both inhibitors. The phenyl ring of methoxybenzene of the core region of 8a forms 

hydrophobic interaction with Thr107 in both clusters. The amide oxygen atom of the 

side chain forms a hydrogen bond to Lys70, and its nitrogen atom forms a hydrogen 

bond to Asn57 in both clusters of 8a. The amide oxygen atom of the side chain of 6k 

forms hydrogen bond to Lys70 in the least populated cluster. The sulphonamide region 

of 8a does not form any interaction with the binding site. However, the oxygen atom of 

the sulphonamide in 6k is involved in a hydrogen bond with Lys70 in the least 

populated cluster. Benzene ring next to the sulphonamide moiety does not form any 

interaction to the binding site in 8a. However, the fluorobenzene ring in 6k forms 

hydrophobic interaction with Met66. To further investigate hydrogen bond formation 

during MD simulation, we hold hydrogen bond analysis for the whole trajectory, see 

Table S1. According to Table S1, it is clear that the hydrogen bond formation is 

preferred with two amino acids for both inhibitors, Lys70 and Asn57. Inspection of the 

frequency of hydrogen bond formation during the 1 s MD simulation shows that 8a 

has a higher frequency of interaction to both amino acids than 6k. The higher frequency 

of hydrogen bonding in 8a (EC50 = 2.11 μM) explains the higher activity of this 

inhibitor over that of 6k (EC50 = 5.61 μM). 
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Table S1. Hydrogen bond analysis for 8a and 6k and their corresponding frequencies during the 

1μs simulation.  

8a 6k 

Residues involved Frequency % Residues involved Frequency % 

Asn57 MOL-O35 70.8 Asn57 MOL-O35 61.0 

Asn57 MOL-H13 60.6 Asn57 MOL-H13 34.8 

Lys70 MOL-O24 39.8 Lys70 MOL-O24 39.2 

Refer to Figure S3 for atom numbers 

 

  

Figure S3. The numbering of atoms for hydrogen bond analysis in Table S1 for 8a (A) and 6k (B). 

 

II. Metabolic Stability in Human Liver Microsomes 

The metabolic stability in human liver microsomes of compounds was determined in 

WuXi AppTec Co. Ltd. (Shanghai), China. The detailed procedure is as follows: 

1. Test Compounds 

Table S2. Compound information. 

A B 
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2. Experimental Procedure 

2.1. Test Compound and Control Working Solution Preparation: 

2.1.1. Intermediate solution: 5 μL of compound stock solution (10 mM in dimethyl 

sulfoxide (DMSO)) were diluted with 495 μL of methanol (MeOH) (intermediate 

solution concentration: 100 μM, 99% MeOH) 

2.1.2. Working solution: 50 μL of compound intermediate solution (100 μM) was 

diluted with 450 μL of 100 mM potassium phosphate buffer (working solution 

concentration: 10 μM, 9.9% MeOH) 

2.2. NADPH Cofactor Preparation: 

2.2.1. Materials: 

NADPH powder: β-Nicotinamide adenine dinucleotide phosphate reduced form, 

tetrasodium salt; NADPH·4Na (Vendor: Chem-Impex International, Cat. No. 00616) 

2.2.2. Preparation Procedure: 

The appropriate amount of NADPH powder was weighed and diluted into a 10 mM 

MgCl2 solution (working solution concentration: 10 unit/mL; final concentration in 

reaction system: 1 unit/mL) 

2.3. Liver Microsomes Preparation: 

2.3.1. Materials: 

Table S3. Liver microsomes information. 

Compound No. Compound ID Batch No. Exact Mass Stock Concentration (mM)

1 11l NA 579.22 10

2 PF-74 NA 425.21 10

Control Testosterone 288.42 10

Control Diclofenac 295.14 10

Control Propafenone 341.44 10
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2.3.2. Preparation Procedure: 

The appropriate concentrations of microsome working solutions were prepared in 100 

mM potassium phosphate buffer 

2.4. Stop Solution Preparation: 

Cold (4°C) acetonitrile (ACN) containing 100 ng/mL tolbutamide and 100 ng/mL 

labetalol as internal standards (IS) was used as the stop solution 

2.5. Assay Procedure: 

2.5.1. Using an Apricot automation workstation, 10 μL/well of compound working 

solution were added to all 96-well reaction plates except the blank (T0, T5, T10, T20, 

T30, T60, and NCF60) 

2.5.2. An Apricot automation workstation was used to add 80 μL/well of microsome 

solution to all reaction plates (Blank, T0, T5, T10, T20, T30, T60, and NCF60) 

2.5.3. All reaction plates containing mixtures of compound and microsomes were pre-

incubated at 37°C for 10 minutes 

2.5.4. An Apricot automation workstation was used to add 10 μL/well of 100 mM 

potassium phosphate buffer to reaction plate NCF60 

2.5.5. Reaction plate NCF60 was incubated at 37°C, and timer 1 was started 

Table S4. NCF60 incubation. 

 

2.5.6. After pre-incubation, an Apricot automation workstation was used to add 10 

Species Product Information Vendor Abbrevation

Cat No. 452117

Lot No. 38292
HLMHuman Corning

Time Point Start Time End Time

NCF60 1:00:00 0:00:00
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μL/well of NADPH regenerating system to every reaction plate except NCF60 (Blank, 

T0, T5, T10, T20, T30, and T60) to start the reaction 

Table 2.3: Final Concentration of Each Component in Incubation Medium 

 

2.5.7. The reaction plates were incubated at 37°C, and timer 2 was started 

Table 2.4: Reaction Plates Incubation 

 

2.5.8. An Apricot automation workstation was used to add 300 μL/well of stop solution 

to each reaction plate at its appropriate end time point to terminate the reaction 

2.5.9. Each plate was sealed and shaken for 10 minutes 

2.5.10. After shaking, each plate was centrifuged at 4000 rpm and 4°C for 20 minutes 

2.5.11. During centrifugation, an Apricot automation workstation was used to add 300 

μL/well of HPLC grade water to eight new 96-well plates 

2.5.12. After centrifugation, an Apricot automation workstation was used to transfer 

100 μL of supernatant from each reaction plate to its corresponding bioanalysis plate 

2.5.13. Each bioanalysis plate was sealed and shaken for 10 minutes before LC-MS/MS 

analysis 

DMSO 0.01%

Component Concentration

Microsome 0.5 mg protein/mL

Test Compound 1 μΜ

Control Compound 1 μΜ

MeOH 0.99%

Time Point Start Time End Time

Blank 1:00:00 0:00:00

T60 1:00:00 0:00:00

T30 0:30:00 0:00:00

T20 0:20:00 0:00:00
T10 0:10:00 0:00:00

T5 0:05:00 0:00:00

T0
Stop solution was added prior to microsome and

NADPH solutions
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3. Data Analysis 

3.1. The equation of first-order kinetics was used to calculate T1/2 and CLint(mic) 

(μL/min/mg): 

Equation of first-order kinetics: 

 

4. Raw Data 
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III. Analytical Method for Pharmacokinetics Assay 

Analytical Method     

Instrument LC-MS/MS (Agilent 6460)      

Matrix Rat Plasma      

Analyte(s) 11l      

Internal 

standard(s) 

TBTM      

MS conditions Positive Ion, ESI      

 MRM Detection      

 Compounds  Q1 Q3 DP (v) CE (v)  

 11l 580.4 296.5 110 15  

 TBTM 271.4 171.9 90 16  

HPLC 

conditions 

Mobile Phase      

 

Mobile Phase A: H2O 

(0.1% Formic Acid) 

     

 Mobile Phase B: ACN        

 Time (min) 

 Mobile 

phase B (%) 

    

 0.00  5      
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 1.00  95      

 2.00  95      

 2.01  5     

 4.00  5     

 Column: Agilent Eclipse Plus C18(2.1×50mm，5μm)  

 Flow rate: 0.3 mL·min-1      

       

MS parameters       

 Gas flow (L/min ) 11     

 Nebulizer (psi) 45     

 Gas temp (°C) 300     

 Capillary (V) 4000     

       

Sample 

preparation 

To each 40μL plasma, 160 μL ACN which contains 20 ng·mL-1. TBTM 

were added. After a thorough vortex for 1 min, the mixture was centrifuged 

at 13000rpm for 5 min at 8°C, and a10 μL aliquot of the supernatant was 

injected into the LC-MS/MS for analysis. 
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V. HRMS, 1H-NMR and 13C-NMR spectra for representative compounds 

1. HRMS, 1H-NMR and 13C-NMR spectra for 6k 
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2. HRMS, 1H-NMR and 13C-NMR spectra for 8a 
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3. HRMS, 1H-NMR and 13C-NMR spectra for 11i 
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4. HRMS, 1H-NMR and 13C-NMR spectra for 11l 
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