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Table S1. Re-docking results of SPD-304 against the TNF dimer using the X-ray coordinates from 

PDB ID: 2AZ5. For each cluster of bound conformations within a root-mean-square deviation 

(RMSD) of 2.0 Å, the number of poses (population), the lowest estimated binding energy (ΔGest), 

and the lowest RMSD from the reference, crystallographic pose (RMSDref) are given. The clusters 

with the lowest RMSDref (<2.0 Å) are highlighted. 

 

 

  

Cluster 
Rank # 

Cluster 
population 

ΔGest 

(Kcal/mol) 
RMSDref 

(Å) 

   1     2  ##      -9.15  3.65 

   2     1  #      -8.66  3.70 

   3     1  #      -8.62  5.59 

   4     2  ##      -8.59  4.29 

   5    10  ##########      -8.56  3.79 

   6     5  #####      -8.31  3.48 

   7     2  ##      -8.24  3.33 

   8     1  #      -8.22  3.19 

   9     2  ##      -8.21  5.09 

  10    13  #############      -8.11  2.84 

  11     1  #      -8.11  4.76 

  12     2  ##      -8.03  3.72 

  13     9  #########      -7.99  3.51 

  14     3  ###      -7.98  3.44 

  15     1  #      -7.93  3.55 

  16     1  #      -7.81  4.04 

  17     1  #      -7.72  4.44 

  18     7  #######      -7.66  3.92 

  19     2  ##      -7.63  3.93 

  20     2  ##      -7.60  1.03 

  21     1  #      -7.40  3.94 

  22     2  ##      -7.31  3.54 

  23     3  ###      -7.30  2.03 

  24     1  #      -7.18  4.90 

  25     1  #      -7.08  4.30 

  26     1  #      -7.07  3.10 

  27     1  #      -7.06  2.69 

  28     2  ##      -7.06  4.06 

  29     6  ######      -6.99  2.52 

  30     1  #      -6.99  4.28 

  31     1  #      -6.94  3.70 

  32     1  #      -6.90  3.60 

  33     1  #      -6.88  3.02 

  34     1  #      -6.76  2.63 

  35     1  #      -6.68  2.47 

  36     1  #      -6.64  3.46 

  37     1  #      -6.62  1.86 

  38     1  #      -6.62  2.63 

  39     1  #      -6.55  2.49 

  40     1  #      -6.55  3.36 

  41     1  #      -6.40  3.09 

  42     2  ##      -6.33  3.72 
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Figure S1. (A) Surface representation of the TNF dimer in complex with SPD-304 (white-colored 

carbons) based on the X-ray structure (PDB ID: 2AZ5). (B) Close-up view of the interface pocket 

showing the top-ranked (#1) docked pose of SPD-304 (yellow-colored carbons) in comparison 

with the X-ray pose. (C–F) 3 of the top-populated clusters of conformations ranked as cluster #5, 

#10 and #13 (C, D, E, respectively), and the lowest RMSDref pose ranked at cluster #20 (F). 
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Figure S2.  

Methodology for the extraction of representative snapshots from the MDs of human RANKL dimer, 

indicating the percent of the trajectory represented within each major cluster in parentheses.  
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Figure S3. Plots of the root-mean-square deviation (RMSD) of the Cα atoms from the initial 

model of human RANKL dimer as a function of the MD time for the 5 simulations. 
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Figure S4. Plots of the mean atomic root-mean-square fluctuations (RMSF) of the Cα atoms for 

each chain of the human RANKL dimer model extracted from the 5 MD simulations. Error bars 

indicate the standard error of the mean (± SEM) and dashed lines indicate the average RMSF 

value for all residues. Inset, the DSSP assignment of the secondary structure as determined from 

the X-ray coordinates of the human RANKL/OPG complex (PDB ID: 3URF). 
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Table S2. Docking results of the 10 top-ranked clusters of conformations obtained for SPD-304 

against the 6 representative conformations of the human RANKL dimer model. The lowest and 

the mean binding energy, along with the number of conformations for each cluster are given. 

 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-min 

1 -7.76 8 -7.04 

2 -7.72 5 -7.16 

3 -7.19 2 -6.88 

4 -7.12 1 -7.12 

5 -6.89 4 -6.12 

6 -6.89 1 -6.89 

7 -6.86 2 -6.75 

8 -6.74 6 -5.83 

9 -6.71 6 -6.07 

10 -6.66 2 -6.33 

RANKL-r1 

1 -8.06 1 -8.06 

2 -8.04 3 -7.60 

3 -7.83 1 -7.83 

4 -7.65 2 -7.51 

5 -7.46 2 -7.29 

6 -7.39 1 -7.39 

7 -7.37 3 -6.89 

8 -7.21 1 -7.21 

9 -7.09 2 -6.80 

10 -7.04 1 -7.04 

RANKL-r2 

1 -8.57 3 -7.89 

2 -8.02 1 -8.02 

3 -8.00 4 -7.54 

4 -7.91 14 -6.46 

5 -7.86 2 -7.48 

6 -7.69 2 -7.61 

7 -7.58 4 -7.15 

8 -7.57 2 -7.27 

9 -7.56 2 -6.61 

10 -7.40 1 -7.40 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-c1 

1 -9.28 2 -8.74 

2 -8.62 2 -7.88 

3 -8.13 1 -8.13 

4 -7.97 3 -7.84 

5 -7.90 2 -7.58 

6 -7.73 1 -7.73 

7 -7.54 1 -7.54 

8 -7.45 2 -7.38 

9 -7.39 9 -6.34 

10 -7.38 1 -7.38 

RANKL-c2 

1 -8.80 6 -8.13 

2 -8.03 6 -6.86 

3 -7.98 4 -7.11 

4 -7.92 1 -7.92 

5 -7.86 4 -7.42 

6 -7.42 1 -7.42 

7 -7.35 1 -7.35 

8 -7.32 1 -7.32 

9 -7.30 1 -7.30 

10 -7.17 2 -6.59 

RANKL-c3 

1 -8.08 1 -8.08 

2 -7.94 4 -7.75 

3 -7.88 4 -7.37 

4 -7.71 2 -7.44 

5 -7.57 1 -7.57 

6 -7.51 5 -7.08 

7 -7.38 1 -7.38 

8 -7.33 1 -7.33 

9 -7.31 2 -7.07 

10 -7.12 2 -6.81 
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Figure S5. (A) Superposition of 5 similar, top-ranked bound poses of SPD-304 in complex with 

representative models of human RANKL dimer. Close-up views of the binding interface from the 

corresponding models of RANKL-r2 (B), RANKL-c1 (C), RANKL-c2 (D), and RANKL-c3 (E).  
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Figure S6. (A) Osteoclastogenesis cultures based on BM cells treated with compound 4a at 5 

and 10 μM in the presence of RANKL (40 ng/mL) and M-CSF (25 ng/mL) for 5 days upon staining 

with TRAP. (B) Actin ring organization in osteoclastogenesis cultures upon exposure compound 

4a at 5 and 10 μM as shown by phalloidin staining and DAPI. (C) Quantification of intact F-actin 

rings per mm2 on osteoclastogenesis cultures treated with compound 4a at 5 and 10 μM. (D) IC50 

calculation for compound 4a effect on RANKL-induced osteoclastogenesis based on TRAP 

activity measured at day 4. (E) LC50 calculation of compound 4a effect (0–100 μΜ) on BMM cell 

viability by MTT assay. (F) Effect of compound 4a (2, 5 and 10 μM) on the differentiation of pre-

osteoblastic MC3T3-E1 cells as measured by ALP activity. Results are presented as means ± SD 

(n>3). *p>0.05, **p>0.01. 
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Figure S7. (A) Osteoclastogenesis assays treated with compound 4c at 5 and 10 μM in the 

presence of RANKL (40 ng/mL) and M-CSF (25 ng/mL) for 5 days upon staining with TRAP. (B) 

Actin ring organization in osteoclastogenesis cultures upon exposure to compound 4c at 5 and 

10 μM as shown by phalloidin staining and DAPI. (C) Quantification of intact F-actin rings per mm2 

on osteoclastogenesis cultures treated with compound 4c at 5 and 10 μM. (D) IC50 calculation for 

compound 4c effect on RANKL-induced osteoclastogenesis based on TRAP activity measured at 

day 4. (E) LC50 calculation of compound 4c effect (0–100 μΜ) on BMM cell viability by MTT assay. 

(F) Western blot showing the effect of preincubated compound 4c with RANKL at the indicated 

concentrations on the induction of NFATc1 and c-Fos in RAW264.7 cells. (G) Effect of compound 

4c (2, 5 and 10 μM) on the differentiation of preosteoblastic MC3T3-E1 cells as measured by ALP 

activity. Results are presented as means ± SD (n>3). *p>0.05, **p>0.01. 
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Table S3. Docking results of the 10 top-ranked clusters of conformations obtained for compound 

1b against the 6 representative conformations of the human RANKL dimer model. The lowest and 

the mean binding energy, along with the number of conformations for each cluster are given. 

 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-min 

   1       -8.41     2       -8.22  

   2       -8.27     6       -7.80  

   3       -8.27     2       -7.18  

   4       -8.21     7       -7.36  

   5       -8.09     2       -7.51  

   6       -7.88     5       -7.46  

   7       -7.59    12       -6.91  

   8       -7.46     1       -7.46  

   9       -7.37     4       -7.29  

  10       -7.34     1       -7.34  

RANKL-r1 

   1       -8.72    12       -8.17  

   2       -8.33     5       -7.73  

   3       -8.16     2       -7.73  

   4       -8.15     2       -7.98  

   5       -8.15     1       -8.15  

   6       -8.09     5       -7.55  

   7       -7.89     4       -7.39  

   8       -7.86     1       -7.86  

   9       -7.85     3       -7.54  

  10       -7.84     1       -7.84  

RANKL-r2 

   1       -8.85     6       -8.13  

   2       -8.72     8       -7.82  

   3       -8.43     7       -7.39  

   4       -8.40     8       -7.79  

   5       -8.37     1       -8.37  

   6       -8.24     3       -7.46  

   7       -7.94     1       -7.94  

   8       -7.84     1       -7.84  

   9       -7.82     1       -7.82  

  10       -7.77     2       -7.65  

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-c1 

   1       -8.53     1       -8.53  

   2       -8.46     6       -8.08  

   3       -8.38     1       -8.38  

   4       -8.32    12       -7.84  

   5       -8.04     1       -8.04  

   6       -7.94     7       -7.74  

   7       -7.78     4       -7.25  

   8       -7.74     3       -7.38  

   9       -7.70     2       -7.33  

  10       -7.62     1       -7.62  

RANKL-c2 

   1       -9.04     3       -8.36  

   2       -8.99     2       -8.34  

   3       -8.92     1       -8.92  

   4       -8.85     4       -8.28  

   5       -8.70     3       -8.39  

   6       -8.61     5       -7.97  

   7       -8.53     2       -8.14  

   8       -8.49     1       -8.49  

   9       -8.23     2       -7.90  

  10       -8.13     1       -8.13  

RANKL-c3 

   1       -9.60    11       -8.63  

   2       -9.09     3       -8.26  

   3       -8.72     8       -8.30  

   4       -8.60     4       -7.78  

   5       -8.48     1       -8.48  

   6       -8.33     1       -8.33  

   7       -8.28     2       -7.63  

   8       -8.22     2       -8.18  

   9       -7.85     1       -7.85  

  10       -7.78     1       -7.78  
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Figure S8. (A) Superposition of 4 similar, top-ranked bound poses of 1b in complex with 

representative models of human RANKL dimer. Close-up views of the binding interface from the 

model of RANKL-r1 (B), RANKL-r2 (C), RANKL-c2 (D) and RANKL-c3 (E) with the corresponding 

bound pose of compound 1b.  
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Table S4. Docking results of the 10 top-ranked clusters of conformations obtained for compound 

4a against the 6 representative conformations of the human RANKL dimer model. The lowest and 

the mean binding energy, along with the number of conformations for each cluster are given. 

 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-min 

1 -8.32 6 -7.79 

2 -8.30 6 -8.09 

3 -8.27 8 -7.69 

4 -8.26 2 -8.18 

5 -8.16 3 -7.45 

6 -8.13 1 -8.13 

7 -8.11 1 -8.11 

8 -8.03 1 -8.03 

9 -7.91 1 -7.91 

10 -7.91 2 -7.49 

RANKL-r1 

1 -10.30 20 -8.91 

2 -9.75 3 -9.49 

3 -9.27 2 -8.70 

4 -8.83 9 -7.92 

5 -8.64 1 -8.64 

6 -8.56 2 -8.19 

7 -8.53 1 -8.53 

8 -8.52 8 -7.85 

9 -8.35 4 -7.96 

10 -8.20 2 -8.18 

RANKL-r2 

1 -8.98 8 -8.65 

2 -8.79 6 -8.45 

3 -8.64 5 -8.41 

4 -8.45 1 -8.45 

5 -8.37 4 -8.18 

6 -8.34 2 -8.32 

7 -8.31 1 -8.31 

8 -8.29 2 -8.02 

9 -8.29 1 -8.29 

10 -8.24 4 -7.83 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-c1 

1 -9.93 6 -9.18 

2 -9.22 1 -9.22 

3 -8.72 1 -8.72 

4 -8.65 3 -8.01 

5 -8.63 1 -8.63 

6 -8.62 14 -8.00 

7 -8.34 7 -8.15 

8 -8.34 3 -8.14 

9 -8.26 3 -7.99 

10 -8.13 2 -7.68 

RANKL-c2 

1 -9.85 6 -9.33 

2 -9.16 23 -8.48 

3 -8.88 6 -8.45 

4 -8.71 9 -8.45 

5 -8.70 3 -8.36 

6 -8.45 2 -7.97 

7 -8.43 5 -8.20 

8 -8.40 2 -8.17 

9 -8.36 2 -8.20 

10 -8.34 2 -7.96 

RANKL-c3 

1 -9.68 15 -8.84 

2 -9.38 10 -8.38 

3 -8.89 3 -8.65 

4 -8.89 3 -8.77 

5 -8.88 5 -8.37 

6 -8.86 10 -8.15 

7 -8.85 1 -8.85 

8 -8.59 2 -8.37 

9 -8.54 2 -8.51 

10 -8.20 2 -8.20 
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Figure S9. (A) Superposition of 3 similar, top-ranked bound poses of 4a in complex with 

representative models of human RANKL dimer. Close-up views of the binding interface from the 

model of RANKL-r1 (B), RANKL-min (C), and RANKL-c3 (D) with the corresponding bound pose 

of 4a.  
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Table S5. Docking results of the 10 top-ranked clusters of conformations obtained for compound 

3b against the 6 representative conformations of the human RANKL dimer model. The lowest and 

the mean binding energy, along with the number of conformations for each cluster are given. 

 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-min 

1 -9.61 6 -8.59 

2 -9.25 13 -8.85 

3 -8.74 7 -8.47 

4 -8.65 5 -8.05 

5 -8.42 1 -8.42 

6 -8.42 7 -8.01 

7 -8.38 1 -8.38 

8 -8.32 6 -8.02 

9 -8.24 5 -8.17 

10 -8.24 2 -7.77 

RANKL-r1 

1 -10.26 8 -9.62 

2 -10.21 16 -9.19 

3 -10.12 5 -9.67 

4 -9.74 4 -9.16 

5 -9.61 2 -9.43 

6 -9.53 5 -8.71 

7 -9.43 3 -9.20 

8 -9.26 8 -8.71 

9 -9.24 3 -9.17 

10 -9.22 2 -9.02 

RANKL-r2 

1 -11.00 50 -10.44 

2 -10.53 17 -9.97 

3 -9.94 8 -9.28 

4 -9.81 1 -9.81 

5 -9.66 11 -9.43 

6 -9.50 1 -9.50 

7 -9.41 2 -9.27 

8 -8.93 1 -8.93 

9 -8.86 1 -8.86 

10 -8.82 4 -8.47 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-c1 

1 -10.95 26 -10.21 

2 -10.72 12 -9.96 

3 -10.62 6 -9.90 

4 -10.58 7 -9.88 

5 -10.35 2 -9.34 

6 -10.15 5 -10.05 

7 -10.12 9 -9.64 

8 -9.83 4 -9.58 

9 -9.78 4 -9.63 

10 -9.78 5 -9.48 

RANKL-c2 

1 -11.30 52 -10.68 

2 -11.25 6 -10.54 

3 -10.55 7 -10.16 

4 -9.54 1 -9.54 

5 -9.52 2 -9.48 

6 -9.48 2 -9.47 

7 -9.41 3 -9.20 

8 -9.41 4 -9.33 

9 -9.26 4 -9.11 

10 -9.20 1 -9.20 

RANKL-c3 

1 -9.64 6 -8.95 

2 -9.15 6 -8.43 

3 -9.09 16 -8.27 

4 -9.05 4 -8.62 

5 -8.82 4 -8.63 

6 -8.81 2 -8.51 

7 -8.75 2 -8.57 

8 -8.75 3 -8.46 

9 -8.69 1 -8.69 

10 -8.67 1 -8.67 
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Table S6. Docking results of the 10 top-ranked clusters of conformations obtained for compound 

4c against the 6 representative conformations of the human RANKL dimer model. The lowest and 

the mean binding energy, along with the number of conformations for each cluster are given.

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-min 

1 -9.70 8 -9.10 

2 -9.65 9 -8.76 

3 -8.91 12 -8.38 

4 -8.87 1 -8.87 

5 -8.86 4 -8.51 

6 -8.75 3 -8.59 

7 -8.73 4 -8.39 

8 -8.51 1 -8.51 

9 -8.40 1 -8.40 

10 -8.35 2 -7.95 

RANKL-r1 

1 -9.99 1 -9.99 

2 -9.88 5 -9.30 

3 -9.77 9 -8.78 

4 -9.69 9 -9.34 

5 -9.65 1 -9.65 

6 -9.62 2 -9.56 

7 -9.61 1 -9.61 

8 -9.45 2 -9.39 

9 -9.42 2 -8.95 

10 -9.25 2 -9.04 

RANKL-r2 

1 -10.58 17 -9.79 

2 -10.12 7 -9.51 

3 -9.87 7 -9.54 

4 -9.78 1 -9.78 

5 -9.77 4 -9.46 

6 -9.76 5 -8.92 

7 -9.62 4 -8.97 

8 -9.40 2 -9.11 

9 -9.28 1 -9.28 

10 -9.21 3 -8.75 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-c1 

1 -10.77 10 -9.94 

2 -10.69 3 -9.99 

3 -10.51 19 -9.96 

4 -10.35 5 -9.61 

5 -10.16 2 -10.12 

6 -10.08 3 -9.72 

7 -9.96 4 -9.45 

8 -9.51 2 -9.22 

9 -9.45 1 -9.45 

10 -9.44 1 -9.44 

RANKL-c2 

1 -10.87 9 -9.47 

2 -10.79 5 -9.60 

3 -10.29 11 -9.30 

4 -10.13 4 -9.36 

5 -10.09 8 -9.44 

6 -10.00 8 -9.50 

7 -9.92 4 -9.60 

8 -9.83 6 -9.47 

9 -9.75 1 -9.75 

10 -9.65 1 -9.65 

RANKL-c3 

1 -9.78 12 -9.14 

2 -9.68 10 -9.03 

3 -9.61 4 -9.12 

4 -9.48 1 -9.48 

5 -9.39 5 -8.71 

6 -9.18 7 -8.58 

7 -9.02 4 -8.81 

8 -8.95 1 -8.95 

9 -8.90 1 -8.90 

10 -8.86 4 -7.54 



S17 

 

 

 
Figure S10. (A, B) Superposition of 5 top-ranked bound poses of 3b (A) and 4c (B) in complex 

with representative models of human RANKL dimer. (C–F) Close-up views of the binding interface 

from the selected models of RANKL-r2 in complex with 3b (C) and 4c (D), and of the RANKL-min 

model in complex with 3b (E) and 4c (F). 
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Figure S11. (A) Osteoclastogenesis cultures treated with 19c, 20b and 20c at 5 μM in the 

presence of RANKL (40 ng/mL) and M-CSF (25 ng/mL) for 5 days upon staining with TRAP. (B) 

IC50 calculation for each compound based on TRAP activity measured at day 4. (C) LC50 

calculation for each compound on BMM cell viability by MTT assay. 
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Table S7. Docking results of the 10 top-ranked clusters of conformations obtained for compound 

19a against the 6 representative conformations of the human RANKL dimer model. The lowest 

and the mean binding energy, along with the number of conformations for each cluster are given. 

 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-min 

1 -9.85 17 -9.04 

2 -8.80 6 -7.94 

3 -8.77 4 -8.16 

4 -8.60 2 -8.55 

5 -8.58 8 -8.00 

6 -8.46 1 -8.46 

7 -8.27 4 -7.53 

8 -8.26 7 -7.64 

9 -8.25 2 -8.16 

10 -8.19 3 -8.10 

RANKL-r1 

1 -10.01 12 -9.09 

2 -9.66 8 -9.20 

3 -9.27 3 -8.21 

4 -9.12 11 -8.26 

5 -8.87 2 -8.71 

6 -8.84 5 -8.27 

7 -8.66 4 -8.18 

8 -8.56 2 -8.30 

9 -8.55 2 -8.42 

10 -8.48 3 -8.03 

RANKL-r2 

1 -10.30 12 -9.40 

2 -10.11 9 -9.40 

3 -9.37 3 -8.82 

4 -9.19 1 -9.19 

5 -9.06 4 -8.21 

6 -8.89 9 -8.52 

7 -8.82 3 -8.21 

8 -8.67 8 -8.19 

9 -8.60 3 -8.22 

10 -8.53 3 -8.14 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-c1 

1 -10.91 5 -9.83 

2 -10.46 3 -8.99 

3 -9.77 21 -8.93 

4 -9.60 4 -9.04 

5 -9.51 3 -8.98 

6 -9.15 1 -9.15 

7 -9.10 2 -9.03 

8 -8.76 4 -8.29 

9 -8.72 3 -8.48 

10 -8.70 3 -8.33 

RANKL-c2 

1 -10.49 10 -9.36 

2 -9.38 8 -8.58 

3 -9.25 1 -9.25 

4 -9.23 4 -8.58 

5 -9.21 3 -8.52 

6 -9.14 1 -9.14 

7 -9.14 2 -9.11 

8 -8.97 5 -8.38 

9 -8.96 1 -8.96 

10 -8.93 1 -8.93 

RANKL-c3 

1 -9.94 1 -9.94 

2 -9.60 2 -8.93 

3 -9.46 1 -9.46 

4 -8.97 2 -8.25 

5 -8.87 13 -7.87 

6 -8.82 3 -8.17 

7 -8.69 5 -7.47 

8 -8.61 1 -8.61 

9 -8.55 1 -8.55 

10 -8.51 2 -8.41 
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Figure S12. (A) Superposition of 4 similar, top-ranked bound poses of 19a in complex with 

representative models of human RANKL dimer. Close-up views of the binding interface from the 

model of RANKL-min (B), RANKL-r2 (C), RANKL-c2 (D) and RANKL-c3 (E) with the 

corresponding bound pose of compound 19a.  
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Table S8. Docking results of the 10 top-ranked clusters of conformations obtained for compound 

19b against the 6 representative conformations of the human RANKL dimer model. The lowest 

and the mean binding energy, along with the number of conformations for each cluster are given. 

 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-min 

1 -10.65 10 -9.49 

2 -9.45 5 -8.83 

3 -9.04 6 -8.16 

4 -8.88 2 -8.40 

5 -8.56 3 -8.36 

6 -8.56 3 -7.90 

7 -8.54 2 -7.71 

8 -8.53 5 -7.67 

9 -8.50 1 -8.50 

10 -8.29 2 -7.78 

RANKL-r1 

1 -9.92 3 -9.05 

2 -9.78 4 -9.01 

3 -9.52 2 -9.24 

4 -9.43 4 -8.87 

5 -9.40 2 -8.86 

6 -9.37 6 -8.76 

7 -9.28 6 -8.78 

8 -9.09 3 -8.31 

9 -8.81 2 -8.50 

10 -8.60 1 -8.60 

RANKL-r2 

1 -10.33 9 -9.41 

2 -9.74 3 -9.07 

3 -9.69 2 -8.75 

4 -9.61 5 -9.04 

5 -9.52 3 -9.28 

6 -9.49 1 -9.49 

7 -9.20 3 -8.99 

8 -9.11 2 -8.86 

9 -9.08 1 -9.08 

10 -9.02 3 -8.73 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-c1 

1 -9.86 1 -9.86 

2 -9.73 2 -9.55 

3 -9.59 1 -9.59 

4 -9.55 2 -8.99 

5 -9.45 1 -9.45 

6 -9.43 8 -8.70 

7 -9.32 2 -8.62 

8 -9.26 1 -9.26 

9 -9.04 4 -8.53 

10 -8.93 3 -8.76 

RANKL-c2 

1 -10.50 4 -9.46 

2 -10.10 1 -10.10 

3 -9.64 2 -8.92 

4 -9.60 3 -9.44 

5 -9.56 1 -9.56 

6 -9.53 10 -8.72 

7 -9.52 4 -9.03 

8 -9.32 2 -8.69 

9 -9.05 1 -9.05 

10 -8.99 2 -8.83 

RANKL-c3 

1 -9.28 2 -8.98 

2 -9.21 4 -8.46 

3 -9.21 4 -8.35 

4 -8.97 5 -7.91 

5 -8.83 2 -8.67 

6 -8.74 1 -8.74 

7 -8.72 1 -8.72 

8 -8.65 1 -8.65 

9 -8.52 2 -8.28 

10 -8.48 3 -7.93 
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Table S9. Docking results of the 10 top-ranked clusters of conformations obtained for compound 

20a against the 6 representative conformations of the human RANKL dimer model. The lowest 

and the mean binding energy, along with the number of conformations for each cluster are given. 

 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-min 

1 -10.50 50 -9.54 

2 -9.54 8 -9.14 

3 -9.03 1 -9.03 

4 -8.87 6 -8.46 

5 -8.62 6 -8.50 

6 -8.54 5 -8.34 

7 -8.38 3 -8.13 

8 -8.36 2 -8.36 

9 -8.28 1 -8.28 

10 -8.27 1 -8.27 

RANKL-r1 

1 -10.21 1 -10.21 

2 -9.81 2 -9.31 

3 -9.66 10 -9.11 

4 -9.57 4 -8.91 

5 -9.50 3 -9.06 

6 -9.45 4 -9.25 

7 -9.22 6 -8.96 

8 -9.21 18 -8.98 

9 -9.17 7 -8.84 

10 -9.01 1 -9.01 

RANKL-r2 

1 -10.61 31 -9.65 

2 -10.36 9 -9.67 

3 -9.95 9 -9.35 

4 -9.46 3 -9.38 

5 -9.46 13 -9.25 

6 -9.44 1 -9.44 

7 -9.41 4 -9.30 

8 -9.18 10 -8.72 

9 -9.16 4 -9.07 

10 -9.14 3 -8.56 

Cluster 
Rank 

Low. ΔGest 

(Kcal/mol) 
No. 
Conf. 

Mean ΔGest 

(Kcal/mol) 

RANKL-c1 

1 -11.09 10 -10.68 

2 -10.97 8 -10.43 

3 -10.77 6 -9.96 

4 -10.65 13 -9.96 

5 -9.94 4 -9.62 

6 -9.94 12 -9.54 

7 -9.80 4 -9.71 

8 -9.62 2 -9.05 

9 -9.54 16 -9.38 

10 -9.46 5 -9.06 

RANKL-c2 

1 -10.20 10 -9.64 

2 -10.00 1 -10.00 

3 -9.81 7 -9.52 

4 -9.78 14 -9.40 

5 -9.75 6 -9.06 

6 -9.74 8 -9.42 

7 -9.73 11 -9.48 

8 -9.59 1 -9.59 

9 -9.58 4 -9.37 

10 -9.55 4 -9.22 

RANKL-c3 

1 -10.52 3 -10.09 

2 -10.09 4 -9.47 

3 -9.84 8 -9.30 

4 -9.83 7 -9.51 

5 -9.50 1 -9.50 

6 -9.43 7 -8.67 

7 -9.40 3 -8.91 

8 -9.33 1 -9.33 

9 -9.31 6 -9.01 

10 -8.89 2 -8.80 
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Figure S13. (A, B) Superposition of 3 top-ranked bound poses of 19b (A) and 20a (B) in complex 

with representative models of human RANKL dimer. (C, D) Close-up views of the binding interface 

from the selected models of RANKL-min in complex with 19b and 20a, respectively. (E) Close-up 

view of highly populated model of 19b in complex with RANKL-c2 model. (F) Close-up view of the 

second highest-populated, top-ranked bound pose of 20a in complex with RANKL-r2 representative 

model. 
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Figure S14 (a). 1H NMR (500 MHz, CDCl3) spectrum of 19a. 
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Figure S14 (b). 13C NMR (125.7 MHz, CDCl3) spectrum of 19a. 
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Figure S14 (c). LC-MS analysis of 19a. 
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Figure S15 (a). 1H NMR (500 MHz, CDCl3) spectrum of 19b. 
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Figure S15 (b). 13C NMR (125.7 MHz, CDCl3) spectrum of 19b.
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Figure S15 (c). LC-MS analysis of 19b.
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Figure S16 (a). 1H NMR (500 MHz, CDCl3) spectrum of 19c. 
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Figure S16 (b). 13C NMR (125.7 MHz, CDCl3) spectrum of 19c.
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Figure S16 (c). LC-MS analysis of 19c.
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Figure S17 (a). 1H NMR (500 MHz, CDCl3) spectrum of 20a. 
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Figure S17 (b). 13C NMR (125.7 MHz, CDCl3) spectrum of 20a. 
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Figure S17 (c). LC-MS analysis of 20a. 
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Figure S18 (a). 1H NMR (500 MHz, CDCl3) spectrum of 20b. 
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Figure S18 (b). 13C NMR (125.7 MHz, CDCl3) spectrum of 20b.
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Figure S18 (c). LC-MS analysis of 20b.  
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Figure S19 (a). 1H NMR (500 MHz, CDCl3) spectrum of 20c. 
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Figure S19 (b). 13C NMR (125.7 MHz, CDCl3) spectrum of 20c.
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Figure S19 (c). LC-MS analysis of 20c. 


