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Supporting Figures and Tables

Supporting Figures

Figure S1: Scheme for extra points (EPs) added to a covalently-bound halogen atom.
The model parameters are the X---EP distance (dy... gp) and the atomic charges of the
EP, halogen, and the remaining particles (¢gp, qx, and qg, respectively).
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Figure S2: Charges obtained for the EP and halogen for set A using no EP, EP1, EP2,

and EP3 charge models.
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Figure S3: Charges obtained for the EP and halogen for set B using no EP, EP1, EP2,
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and EP3 charge models.
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Figure S4: Charges obtained for the EP and halogen for set C using no EP, EP1, EP2,

and EP3 charge models.
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Figure S5: MM-PBSA workflow employed in this work.
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Figure S6: Variation of the Pearson coefficients () obtained for Set A using different
segments of 2.5 ns (0-2.5 ns, 2.5-5 ns, 5-7.5 ns, and 7.5-10 ns). Color code: pb2 (blue)
and pb3 (purple); 7sq (lighter) and rop (darker).
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Figure S7: Variation of the Pearson coefficients (r) obtained for Set B using different
segments of 2.5 ns (0-2.5 ns, 2.5-5 ns, 5-7.5 ns, and 7.5-10 ns). Color code: pb2 (blue)
and pb3 (purple); rqq (lighter) and ropy (darker).
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Figure S8: Variation of the Pearson coefficients (r) obtained for Set C using different
segments of 2.5 ns (0-2.5 ns, 2.5-5 ns, 5-7.5 ns, and 7.5-10 ns). Color code: pb2 (blue)

and pb3 (purple); rqq (lighter) and rop (darker).
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Figure S9: Average distances and angles between the halogens and halogen bond (XB)

acceptors (X---A and aC-X---A) for the XBs obtained for each set and each charge
method. no EP (green), EP1 (light blue), EP2 (orange), and EP3 (pink).
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Figure S10: Maximum of the electrostatic potential on the halogen (Vg 4. in kcal mol ™1,
black) along with the percentage of contribution of XBs and HBs obtained for each XB
donor and HB donor (bold) and acceptor, for Set A using RESP charges (no EP), EP1,

EP2, and EP3.
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Figure S11: Maximum of the electrostatic potential on the halogen (Vg 4, in kcal mol™1,
black) along with the percentage of contribution of XBs and HBs obtained for each XB
donor and HB donor (bold) and acceptor, for some compounds of Set B using RESP
charges (no EP), EP1, EP2 and EP3.
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Figure S12: Maximum of the electrostatic potential on the halogen (Vg 4, in kcal mol!,
black) along with the percentage of contribution of XBs and HBs obtained for each XB
donor and HB donor (bold) and acceptor, for Set C using RESP charges (no EP), EP1,

EP2, and EP3.
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Supporting Tables

Table S1: Summary of the parameters (dy... gp in A; qep, qx, and qg) used for models
EP1, EP2, and EP3.

Model EP1 EP2 EPS3

Halogen  CI Br I Cl Br I Cl Br I

dx...gp  1.948 2.020 2.150 minimizes RESP error  1.000 1.300 1.600

qEpP RESP fitted RESP fitted 0.1 0.2 0.3

qx RESP fitted RESP fitted RESP fitted without EP
charge of the EP subtracted

qr RESP fitted RESP fitted RESP fitted without EP
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Table S3: Distance criterion used to assign halogen bonds? .

Pair Distance threshold (A)
O---Cl 3.27
O---Br 3.37

O---1 3.50
N--.Cl 3.30
N.-..Br 3.40

N...1 3.53

S---Cl 3.55

S---Br 3.65

S 1 3.78
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Table S6: Pearson coefficients (7) obtained for the linear correlation between experimental
and calculated AGhinq values in Set A using four charge models - no EP, EP1, EP2
and EP3 - and pbsa setups pb2 and pb3 with standard (rsa) or optimized (7o) halogen
radius. These results were obtained by performing MM-PBSA calculations on different
segments of the MD trajectories and a solute dielectric (€;,) = 1.

No EP EP1 EP2 EP3
segment setup

Tstd Topt Tstd Topt Tstd Topt Tstd Topt

pb2 079 079 068 0.68 0.79 0.80 0.59 0.62

0-10 ns
pb3 033 028 0.73 0.71 0.85 0.83 0.31 0.42
0-2.5 ns pb2 076 0.76 0.77 0.77 0.85 0.85 0.74 0.74
pb3 041 038 0.63 0.60 0.65 0.60 0.29 0.42
9 5.5 ns pb2 0.78 0.78 0.69 0.68 0.76 0.78 0.61 0.64
pb3 053 0.51 0.61 058 0.83 0.83 0.34 049
05 ns pb2 078 0.78 0.75 0.75 0.81 0.83 0.70 0.71
pb3 049 046 0.63 0.60 0.80 0.77 0.32 0.46
575 ns pb2 079 0.78 0.63 0.65 0.71 0.71 0.43 0.49
pb3 051 048 0.78 0.80 0.83 0.82 0.08 0.25
7 510 ns pb2 069 0.68 049 047 0.74 0.75 0.46 0.52
pb3 028 0.28 0.79 0.84 0.83 0.81 0.33 0.37
510 ns pb2 0.74 0.74 0.57 0.57 0.73 0.73 0.45 0.51

pb3 040 038 081 085 0.85 083 0.22 0.32

Table S7: Pearson coefficients (r) obtained for the linear correlation between experimental
and calculated AGhinq values in Set A using four charge models - no EP, EP1, EP2
and EP3 - and pbsa setups pb2 and pb3 with standard (rgq) or optimized (7opt) halogen
radius. These results were obtained by performing MM-PBSA calculations on different
segments of the MD trajectories and a solute dielectric (€;,) = 4.

) ) No EP EP1 EP2 EP3
Sampling time setup

Tstd Topt Tstd Topt Tstd Topt Tstd Topt
pb2 0.60 0.60 0.40 040 0.67 0.68 0.15 0.24

0-10 ns
pb3 040 0.39 041 040 0.70 0.69 -0.20 -0.10
0-2.5 ns pb2 056 0.65 044 044 0.66 0.66 0.32 0.40
pb3 029 0.28 040 039 046 045 -0.02 0.09
9 5.5 ns pb2 063 0.63 036 036 065 0.66 0.19 0.28
pb3 044 043 0.29 0.28 0.70 0.70 -0.17 -0.06
05 s pb2 061 0.61 040 040 0.66 0.67 0.26 0.34
pb3 037 038 034 035 060 0.59 -0.10 0.02
575 ns pb2 058 0.58 037 037 070 0.71 -0.04 0.04
pb3 042 041 037 036 0.77 077 -0.40 -0.31
7510 ns pb2 0.56 0.55 0.43 043 0.63 0.65 0.13 0.21
pb3 0.33 0.33 0.56 0.54 0.68 0.67 -0.13 -0.04
510 1 pb2 057 0.57 040 040 0.67 0.68 0.05 0.13

pb3 038 037 046 045 076 0.75 -0.27 -0.18
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Table S8: Pearson coefficients (7) obtained for the linear correlation between experimental
and calculated AGh;nq values in Set B using four charge models - no EP, EP1, EP2
and EP3 - and pbsa setups pb2 and pb3 with standard (rsa) or optimized (7o) halogen
radius. These results were obtained by performing MM-PBSA calculations on different
segments of the MD trajectories and a solute dielectric (€;,) = 1.

Sampling time setup No EP EP1 EP2 EP3
Tstd Topt Tstd Topt Tstd) Topt Tstd) Topt
0-10 ns pb2 0.54 0.55 064 0.67 0.74 075 080 0.85
pb3 0.18 0.18 064 0.68 0.86 091 0.88 0.89
0-2.5 ns pb2 0.57 0.57 082 085 0.84 086 0.76 0.81
pb3 0.19 0.20 0.77 0.80 0.88 0.93 0.80 0.84
9 5.5 ns pb2 0.62 0.63 066 0.69 068 071 082 0.84
pb3 0.32 0.35 067 0.72 0.78 0.82 0.80 0.85
05 s pb2 0.62 063 076 080 0.78 081 0.79 0.83
pb3 0.31 0.33 075 0.78 0.87 091 0.83 0.8
575 ns pb2 0.48 0.49 046 047 0.61 060 0.78 0.84
pb3 0.09 0.10 044 049 0.73 078 0.73 0.85
7510 ns pb2 0.39 0.40 055 056 0.71 071 074 0.84
pb3 <0.01 <0.01 0.55 0.58 0.72 0.77 0.89 0.91
510 ns pb2 0.44 0.45 051 0.52 0.67 0.66 0.77 0.85

pb3 0.05 0.06 051 055 0.76 082 0.84 0.89

Table S9: Pearson coefficients (7) obtained for the linear correlation between experimental
and calculated AGhi,q values in Set B using four charge models - no EP, EP1, EP2
and EP3 - and pbsa setups pb2 and pb3 with standard (rgq) or optimized (7opt) halogen
radius. These results were obtained by performing MM-PBSA calculations on different
segments of the MD trajectories and a solute dielectric (€;,) = 4.

. . No EP EP1 EP2 EP3
Sampling time setup

Tstd Topt Tstd Topt Tstd Topt Tstd Topt
pb2 0.50 0.51 0.49 050 0.64 0.65 0.36 0.45

0-10 ns
pb3 035 035 043 046 0.72 0.76 0.19 0.47
0-2.5 ns pb2 057 0.57 0.61 0.63 070 0.72 0.42 0.49
pb3 046 046 052 054 082 085 0.24 0.46
9 5.5 ns pb2 052 0.52 0.47 048 058 0.60 0.38 0.46
pb3 043 0.44 043 048 0.60 0.63 0.09 0.39
05 s pb2 055 0.55 0.55 0.57 0.65 0.66 0.40 0.47
pb3 046 0.47 049 053 0.75 0.79 0.17 0.43
575 ns pb2 048 048 0.38 039 0.59 0.59 0.35 0.45
pb3 027 027 031 033 058 0.61 0.15 0.43
7510 ns pb2 039 039 044 045 0.62 0.63 0.30 0.40
pb3 0.10 0.09 0.35 0.37 0.62 0.64 0.25 0.54
510 1 pb2 044 044 042 042 0.61 0.61 0.33 0.43

pb3 019 019 033 036 062 066 020 0.49
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Table S10: Pearson coefficients (1) obtained for the linear correlation between experimen-
tal and calculated AGy;nq values in Set C using four charge models - no EP, EP1, EP2
and EP3 - and pbsa setups pb2 and pb3 with standard (rsa) or optimized (7o) halogen
radius. These results were obtained by performing MM-PBSA calculations on different
segments of the MD trajectories and a solute dielectric (€;,) = 1.

. . No EP EP1 EP2 EP3
Sampling time setup

Tstd Topt Tstd Topt Tstd Topt Tstd Topt

pb2 060 0.60 070 073 073 078 074 0.74

0-10 ns
pb3 -0.15 -0.17 0.40 040 0.37 0.38 0.53 0.56
0-2.5 ns pb2 051 050 0.59 0.61 0.67 077 0.67 0.68
pb3 -0.15 -0.17 0.17 0.17 0.13 0.18 0.55 0.61
9 5.5 ns pb2 063 063 0.72 074 0.79 084 0.73 0.74
pb3 -0.2 -0.18 046 043 031 0.25 0.55 0.60
05 ns pb2 058 057 0.68 070 0.75 0.82 0.70 0.72
pb3 -0.17 -0.19 0.33 0.31 0.22 0.23 0.56 0.61
575 ns pb2 065 065 0.64 0.67 0.68 072 0.76 0.75
pb3 -0.01 -0.04 0.27 027 045 046 0.52 0.54
7 510 ns pb2 058 058 0.76 0.79 0.71 074 0.78 0.76
pb3 -0.23 -0.24 0.62 0.66 0.39 0.39 0.50 0.51
510 ns pb2 062 062 0.71 074 0.70 0.73 0.77 0.76

pb3 -0.12 -0.14 046 048 0.43 0.43 048 047

Table S11: Pearson coefficients (1) obtained for the linear correlation between experimen-
tal and calculated AGy;nq values in Set C using four charge models - no EP, EP1, EP2
and EP3 - and pbsa setups pb2 and pb3 with standard (rgq) or optimized (7opt) halogen
radius. These results were obtained by performing MM-PBSA calculations on different
segments of the MD trajectories and a solute dielectric (€;,) = 4.

) ) No EP EP1 EP2 EP3
Sampling time setup

Tstd Topt Tstd Topt Tstd Topt Tstd Topt
pb2 0.89 090 092 092 092 093 091 091

0-10 ns
pb3 079 0.79 095 095 095 095 0.89 0.89
0-2.5 ns pb2 089 0.89 0.92 092 090 091 0.87 0.87
pb3 077 0.76 0.90 090 088 0.87 0.83 0.84
9 5.5 ns pb2 089 0.89 0.92 092 094 095 0.92 0.92
pb3 073 0.73 093 093 096 0.95 091 0.91
05 s pb2 089 0.89 092 092 093 093 0.90 0.90
pb3 077 0.77 094 094 095 095 0.88 0.88
575 ns pb2 090 090 090 091 092 093 0.93 0.93
pb3 083 082 088 088 095 0.96 0.90 0.90
7510 ns pb2 068 068 092 092 092 092 093 0.92
pb3 088 0.88 0.97 098 092 0.92 0.83 0.82
510 1 pb2 089 090 091 092 092 092 0.93 0.93

pb3 077 0.7 095 095 094 094 087 0.87

519



Table S12: Halogen Bonds (XBs) established in the X-ray and minimized structures
obtained for each charge model - no EP, EP1, EP2, and EP3 - for Set A.

Minimized structure

systems X-ray
no EP EP1 EP2 EP3

TBS 1 0 1 0 0
K25 2 0 1 1 1
K37 2 0 1 0 2
K44 2 1 1 1 1
K32 2 1 1 1 1
K22 1 0 0 1 1
K17 2 1 2 2 2
K6X 1 1 2 2 2
K8X 2 0 1 0 2

Table S13: Halogen Bonds (XBs) established in the X-ray and minimized structures
obtained for each charge model - no EP, EP1, EP2, and EP3 - for Set B.

Minimized structure
no EP EP1 EP2 EP3

systems X-ray

4a 1 0 0 0 0
8a 1 1 1 1 0
10a 2 1 1 1 2
12a 2 0 1 1 2
13a 2 1 1 1 2
15 2 0 1 1 2
K10 2 1 1 1 1
K22 2 0 1 1 1
Ta 2 1 1 1 2
17 2 0 1 1 2
K32 2 0 0 0 1
K21 2 0 1 1 1
K20 2 0 1 1 1
la 2 0 1 1 2
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Table S14: Halogen Bonds (XBs) established in the X-ray and minimized structures
obtained for each charge model - no EP, EP1, EP2, and EP3 - for Set C.

Minimized structure

systems X-ray
no EP EP1 EP2 EP3
NKZ 0 0 0 0 0
NKwW 0 0 0 0 0
NKT 1 0 1 1 1
NL2 0 0 0 0 0
NKE 0 0 0 0 0
T™MO0 0 0 0 0 0
NKB 1 1 1 1 1
TBS 1 0 0 0 0

Table S15: Percentage of frames where at least one HB is formed (HB %) and average
number of HBs formed during the trajectory (z HBs) for Sets A-C. The number of
HB acceptors (nA) and donors (nD) present on the inhibitor (nX) and the number of
HBs present on the X-ray structure (X-ray) is also shown. The reported errors (=~ 95%
confidence) correspond to £2 SEM (SEM = standard error of the mean).

HBs % (z HBs)

system nA/nD X-ray no EP EP1 EP2 EP3
Set A
TBS 3/1 0 5+ 6.9 (1.0 £ 0.01) 14 0.5 (1.0 £ 0.00) 14+ 2.1 (1.0 £ 0.01) 0 4+ 0.0 (0.0 & 0.00)
K25 3/2 0 0+0.0(0.0£000)  0=£00(0.0=£000) 000 (0.0=£000) 12+ 16.0 (1.0 £ 0.00)
K37 2/1 0 0 £ 0.0 (0.0 % 0.00) 0 £ 0.0 (0.0 % 0.00) 0 £ 0.0 (0.0 % 0.00) 0 £ 0.0 (0.0 % 0.00)
K44 3/2 0 6+12.3 (0.3 +0.67) 7+12.9(0.3+067) 0400 (0.0+0.00 0=+ 0.0(0.0=£ 0.00)
K32 3/0 0 8 +£10.0 (1.0 £ 0.18) 12 +11.4 (1.0 £ 0.00) 2 + 4.3 (0.6 = 0.67) 6 % 7.8 (1.0 £ 0.00)
K22 3/1 0 0+ 0.0 (0.0 +000) 15+ 30.3 (0.6 +0.67) 0«00 (0.0+0.00) 0= 0.0 (0.0 % 0.00)
K17 2/1 0 29 £ 15 (1.0 £ 0.00) 21 £ 6.3 (1.0 £ 0.00) 20 4+ 11.1 (1.0 £ 0.00) 25 + 3.9 (1.0 + 0.00)
K6X 3/1 0 2402 (0.6+067)  0=£0.0(0.0=+000  0=£0.0(0.0=£000) 0= 0.0 (0.0 £ 0.00)
K8X 2/1 0 2+ 4.8 (0.3 + 0.67) 0 £ 0.0 (0.0 % 0.00) 0 £ 0.0 (0.0 % 0.00) 0 £ 0.0 (0.0 % 0.00)
Set B
4a 2/1 0 18 + 1.4 (1.0 £ 0.01) 5+ 6.2 (0.6 £ 0.67) 5+ 6.1 (0.6 £ 0.67) 18 + 21.5 (0.7 £ 0.71)
8a 2/1 0 0+0.0(0.0£0.00)  0=£00(0.0=£000) 000 (0.0+000)  0%0.0(0.0 £ 0.00)
10a 2/1 0 0 £ 0.0 (0.0 % 0.00) 0 £ 0.0 (0.0 % 0.00) 0 £ 0.0 (0.0 % 0.00) 0 £ 0.0 (0.0 % 0.00)
12a 2/1 0 0+ 0.0(0.0=+000)  0=£00(0.0%000) 0«00 (0.0+0.00)  0=0.0(0.0 £ 0.00)
13a 2/1 0 0+0.0(0.0=+000)  0=£00(0.0%000)  2+26(1.0+0.00)  4+7.2(0.6+0.67)
15 3/2 0 0+0.0(0.0=+000)  0=+00(0.0%000) 0«00 (0.0+0.00  0=0.0(0.0 % 0.00)
K10 2/1 0 0 £ 0.0 (0.0 £ 0.00) 0 £ 0.0 (0.0 £ 0.00) 0 £ 0.0 (0.0 £ 0.00) 0 4+ 0.0 (0.0 & 0.00)
K22 3/1 0 0+0.0(0.0£0.00)  0=£00(0.0=£000) 000 (0.0=%000)  0%0.0(0.0 % 0.00)
7a 2/1 0 2+ 4.1 (0.6 + 0.67) 0 £ 0.0 (0.0 % 0.00) 0 £ 0.0 (0.0 % 0.00) 9 £ 9.3 (1.0 % 0.00)
17 3/1 0 34 +£34.2 (1.0 £ 0.00) 0+ 0.0(0.0+0.00  9+1.9(1.0+0.00  2+0.9 (1.0 =+ 0.00)
K32 3/2 0 15 + 16.9 (1.0 = 0.00) 0+ 0.0 (0.0 £ 0.00) 9+ 12.9 (1.0 £ 0.00) 13 =+ 5.7 (1.0 % 0.00)
K21 2/1 0 0+0.0(0.0£000  0=£00(0.0=£000)  0£00(0.0£000)  0%0.0 (0.0 £ 0.00)
K20 2/1 0 0 £ 0.0 (0.0 £ 0.00) 0 £ 0.0 (0.0 £ 0.00) 0 £ 0.0 (0.0 £ 0.00) 8 + 9.2 (1.0 & 0.00)
1la 2/1 0 74137 (1.0 £ 0.00) 4+ 1.8 (1.0+0.00)  7+39(1.0£000)  3=+53 (1.0 £ 0.00)
Set C
NKZ 3/1 0 0 £ 0.0 (0.0 £ 0.00) 0 £ 0.0 (0.0 & 0.00) 1+ 1.6 (1.0 & 0.04) 1+ 1.9 (0.6 +0.67)
NKW 3/1 1 3+0.6 (1.0+0.01) 0 £ 0.0 (0.0 £ 0.00) 3+ 3.4 (1.0 £0.02) 3+ 1.8(1.0+£ 0.05)
NKT 3/1 0 1449 (1.0+000) 1+1.7(0.6=+067)  1+1.8(0.6=+069)  0=£0.0 (0.0 £ 0.00)
NL2 3/1 1 2+ 2.4 (1.0 + 0.03) 0 =+ 0.0 (0.0 + 0.00) 14+ 1.7 (1.0 % 0.00) 2+ 0.3 (1.0 + 0.03)
NKE 3/1 0 1404 (1.04+003)  0+0.0(0.0+0.00)  3+1.0(1.0=+0.11) 14 1.4 (1.0 + 0.01)
7MO 3/1 1 2 + 0.8 (1.0 + 0.00) 1+1.2(1.04+005  241.0(1.0+0.00) 0=+ 0.0 (0.0 =+ 0.00)
NKB 3/1 0 0 £ 0.0 (0.0 £ 0.00) 0 £ 0.0 (0.0 £+ 0.00) 0 £ 0.0 (0.0 £ 0.00) 0 £+ 0.0 (0.0 & 0.00)
TBS 3/1 0 8 £ 16.5 (1.0 £ 0.00) 0 £ 0.0 (0.0 £ 0.00) 0 £ 0.0 (0.0 £ 0.00) 5+ 4.9 (1.0 £ 0.03)
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