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Ligand MW (Da)  No Atoms Netq (e) NROT HBA HBD cLogP 

1 522.7 78 +1 8 10 2 -0.4 (3.1)§ 
2 457.0 56 0 5 6 0 5.3 
3 326.4 42 0 3 6 2 3.0 
4 525.7 74 +1 11 9 3 1.4 (4.9)§ 
5 295.3 39 0 3 4 2 3.0 
6 323.8 37 0 1 5 0 3.8 
7 370.4 49 0 6 7 2 2.5 
8 308.8 35 0 1 4 0 3.0 
9 261.3 38 0 4 4 1 2.2 

10 241.1 22 0 0 3 1 1.8 
11 242.2 26 0 2 3 2 2.3 

 
Supplementary Table 1: Physico-chemical properties of the ligands. MW is the 
molecular weight in Daltons; Netq is the net charge; NROT is the number of rotatable bonds; 
HBA is the number of hydrogen bond acceptors; HBD is the number of hydrogen bond 
donors; cLogP is the calculated octanol/water partition coefficient (computed with 
MarvinSketch); § cLogP of the nonionic specie. 
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Supplementary Figure 1: X-ray structures of the ligands in complex with BRD4(1). 
Crystal structures with their reference pdb-ID used as starting conformations for the free 
energy calculations. 
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Ligand ΔGsolv
elec+vdw ΔGsolv

restr ΔGprot
elec+vdw+restr ΔΔGexp-lr ΔΔGelec corr 

1 189.7 ± 0.2 6.6 -206.6 ± 0.2 -0.7 0.6 
189.7 ± 0.1 6.6 -206.7 ± 0.1 -0.6 0.6 
190.5 ± 0.2 6.6 -207.5 ± 0.3 -0.7 0.6 

2 59.2 ± 0.2 6.6 -74.8 ± 0.1 -0.7 n/a 
59.4 ± 0.2 6.6 -74.5 ± 0.4 -0.7 n/a 
59.6 ± 0.1 6.6 -74.5 ± 0.1 -0.7 n/a 

3 219.3 ± 0.1 6.7 -235.1 ± 0.2 -0.6 n/a 
219.1 ± 0.1 6.7 -234.7 ± 0.1 -0.6 n/a 
219.5 ± 0.2 6.7 -233.6 ± 0.1 -0.6 n/a 

4 444.2 ± 0.3 6.8 -459.8 ± 0.2 -0.8 0.7 
445.1 ± 0.2 6.8 -460.9 ± 0.4 -0.8 0.7 
444.1 ± 0.3 6.8 -460.7 ± 0.2 -0.8 0.7 

5 57.8 ± 0.1 7.0 -72.7 ± 0.1 -0.5 n/a 
58.0 ± 0.1 7.0 -73.3 ± 0.1 -0.5 n/a 
57.9 ± 0.0 7.0 -73.0 ± 0.1 -0.5 n/a 

6 24.2 ± 0.1 6.6 -40.6 ± 0.1 -0.6 n/a 
25.4 ± 0.1 6.6 -40.5 ± 0.2 -0.6 n/a 
23.7 ± 0.1 6.6 -40.0 ± 0.1 -0.6 n/a 

7 201.5 ± 0.1 6.6 -213.0 ± 0.2 -0.5 n/a 
201.4 ± 0.2 6.6 -213.8 ± 0.2 -0.5 n/a 
201.7 ± 0.1 6.6 -213.8 ± 0.2 -0.5 n/a 

8 4.1 ± 0.1 6.9 -18.5 ± 0.1 -0.5 n/a 
4.4 ± 0.2 6.9 -18.3 ± 0.2 -0.5 n/a 
3.9 ± 0.1 6.9 -18.2 ± 0.2 -0.5 n/a 

9 57.6 ± 0.1 6.7 -71.8 ± 0.1 -0.4 n/a 
57.3 ± 0.1 6.7 -71.4 ± 0.1 -0.4 n/a 
57.4 ± 0.1 6.7 -71.8 ± 0.2 -0.4 n/a 

10 89.7 ± 0.1 7.2 -102.6 ± 0.1 -0.4 n/a 
89.6 ± 0.1 7.2 -102.8 ± 0.1 -0.4 n/a 
89.8 ± 0.1 7.2 -102.4 ± 0.1 -0.4 n/a 

11 57.2 ± 0.1 6.7 -68.3 ± 0.2 -0.4 n/a 
57.2 ± 0.1 6.7 -68.8 ± 0.1 -0.4 n/a 
55.7 ± 0.1 6.7 -66.7 ± 0.1 -0.4 n/a 
55.8 ± 0.1 6.7 -67.1 ± 0.0 -0.4 n/a 

 
Supplementary Table 2: Free energy results starting from the X-ray structures. All 
values are in kcal/mol. The meaning of the different free energy terms within the 
thermodynamic cycle is explained in Supplementary Fig. 1. ΔΔGexp-lr is the contribution to the 
binding free energy due to the long-range dispersion correction. ΔΔGelec corr is the contribution 
to the binding free energy due to the correction for electrostatic finite size effects and it has 
been applied to charged ligands only. 
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Supplementary Figure 2: Convergence of the calculations. The free energy estimate 
versus simulated time for the representative examples of (a) ligand 2 and (b) ligand 9 is 
shown. All the free energies are in kcal/mol. A single MBAR free energy estimate has been 
carried out every 0.1 ns, starting at 1.1 ns. In the top row is the mean (blue line) and standard 
deviation (blue shade) of the free energy result (ΔG0

binding) for the three replicates. The plots in 
the middle row show the evolution of ΔGsolv

elec+vdw and ΔGprot
restr+elec+vdw for each of the three 

repeats, while these data are summarized in the bottom row where their mean and standard 
deviation is shown. 
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Ligand Poses Docking ΔG (kcal/mol) RMSD to Crystal (Å) 
1 

 
 

a -2.69 8.36 
b -2.55 4.14 
c -0.79 3.18 

2 
 

a -4.67 1.89 
b -1.73 6.80 

3 
 
 
 
 

a -4.93 6.79 
b -3.52 7.82 
c -2.57 1.99 
d -2.46 3.04 
e -1.57 7.78 

4 a -3.40 1.80 
5 

 
a -4.20 5.62 
b -4.18 1.21 

6 
 

a -4.58 0.96 
b -4.50 4.99 

7 
 

a -5.18 2.16 
b -3.80 3.88 

8 
 

a -4.15 0.79 
b -2.36 4.99 

9 
 
 

a -4.19 1.75 
b -3.94 4.20 
c -2.11 4.72 

10 a -3.19 0.69 
11 

 
a -4.76 n/a 
b -4.44 n/a 

 
Supplementary Table 3: docking results. Shown are the poses retained after the clustering 
of the results and are ranked by score. Highlighted in orange are the poses that most closely 
represent the crystallographic binding conformations. 
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Lig Ps ΔG0
binding <ΔGsolv

elec+vdw> ΔGsolv
elec+vdw ΔGsolv

restr ΔGprot
elec+vdw+restr ΔΔGexp-lr ΔΔGelec corr 

1 a -10.3 ± 0.8 
196.1 ± 0.7 

195.6 ± 0.2 6.5 -213.1 ± 0.1 -0.7 0.6 
 b -4.6 ± 0.8 197.1 ± 0.3 7.0 -207.8 ± 0.3 -0.6 0.7 
 c -10.9 ± 0.8 195.7 ± 0.4 6.5 -213.7 ± 0.3 -0.7 0.8 

2 a -10.1 ± 0.4 59.8 ± 0.2 60.0 ± 0.1 6.6 -75.9 ± 0.3 -0.6 n/a 
 b -6.7 ± 0.4 59.5 ± 0.0 7.3 -73.2 ± 0.4 -0.5 n/a 

3 a -6.2 ± 0.2 

207.5 ± 0.2 

207.5 ± 0.1 6.7 -219.8 ± 0.1 -0.5 n/a 
 b -6.5 ± 0.3 207.6 ± 0.1 6.6 -220.1 ± 0.3 -0.4 n/a 
 c -10.8 ± 0.2 207.6 ± 0.1 6.9 -224.6 ± 0.1 -0.6 n/a 
 d -10.5 ± 0.2 207.3 ± 0.1 6.8 -224.3 ± 0.1 -0.5 n/a 
 e -7.3 ± 0.2 207.3 ± 0.1 6.8 -221.1 ± 0.1 -0.5 n/a 

4 a -9.0 ± 0.8 443.7 ± 0.3 443.7 ± 0.3 6.7 -461.6 ± 0.3 -0.8 0.6 
5 a -5.8 ± 0.2 56.5 ± 0.1 56.5 ± 0.1 6.6 -68.5 ± 0.1 -0.4 n/a 

 b -8.3 ± 0.2 56.6 ± 0.1 6.7 -71.1 ± 0.1 -0.5 n/a 
6 a -10.3 ± 0.3 24.0 ± 0.1 24.0 ± 0.1 6.6 -40.4 ± 0.3 -0.5 n/a 

 b -10.6 ± 0.3 24.1 ± 0.1 6.8 -40.8 ± 0.2 -0.6 n/a 
7 a -6.6 ± 0.3 187.1 ± 0.1 187.1 ± 0.1 6.7 -199.9 ± 0.2 -0.5 n/a 

 b -5.1 ± 0.1 187.2 ± 0.1 6.7 -198.5 ± 0.1 -0.5 n/a 
8 a -10.2 ± 0.2 4.3 ± 0.1 4.3 ± 0.1 6.6 -20.6 ± 0.1 -0.5 n/a 

 b -6.6 ± 0.1 4.3 ± 0.1 6.8 -17.2 ± 0.1 -0.5 n/a 
9 a -7.7 ± 0.1 

56.5 ± 0.1 
56.4 ± 0.1 6.6 -70.4 ± 0.1 -0.4 n/a 

 b -7.3 ± 0.2 56.5 ± 0.1 6.6 -70.0 ± 0.1 -0.4 n/a 
 c -6.1 ± 0.1 56.5 ± 0.1 6.8 -69.0 ± 0.1 -0.3 n/a 

10 a -6.2 ± 0.1 89.8 ± 0.0 89.8 ± 0.0 7.1 -102.7 ± 0.1 -0.4 n/a 
11 a -5.3 ± 0.1 57.0 ± 0.1 57.1 ± 0.0 6.6 -68.6 ± 0.1 -0.4 n/a 

 b -5.4 ± 0.1 56.9 ± 0.1 6.6 -68.7 ± 0.1 -0.3 n/a 
 
 
Supplementary Table 4: Free energy results starting from the docking poses. All values 
are in kcal/mol. Highlighted in orange are the poses that most closely represent the 
crystallographic binding conformations; in bold are the lowest binding free energies for each 
ligand. The meaning of the different free energy terms within the thermodynamic cycle is 
explained in Fig. 1. ΔΔGexp-lr is the contribution to the binding free energy due to the long-
range dispersion correction. ΔΔGelec corr is the contribution to the binding free energy due to 
the correction for electrostatic finite size effects and it has been applied to charged ligands 
only. All ΔG terms shown here have been rounded to the nearest tenth for ease of reading, 
despite having been calculated at higher precision. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


