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SUPPORTING INFORMATION

Hirshfeld surface analysis

Fig. S1. View of the three-dimensional Hirshfeld surface of compound 5 plotted over
electrostatic potential energy in the range -0.0500 to 0.0500 a.u. using the STO-3 G basis set
at the Hartree—Fock level of theory. Hydrogen-bond donors and acceptors are shown as blue
and red regions around the atoms corresponding to positive and negative potentials,
respectively.

(a) (b)

Fig. S2. Hirshfeld surfaces of compounds 5 (Fig. S2a) and 6 (Fig. S2b) plotted over shape-
index.
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Fig. S3a. The full two-dimensional fingerprint plots for
compound 5, showing (a) all interactions, and delineated into
(b) H...H, (c) H..N/N...H, (d) H...Cl/CI...H, (e) H...C/C...H, (f)
C...N/N...C, (g) C...CI/CI...C, (h) C...C, (i) N...N and (j)
N...CI/CI...N interactions. The d; and d. values are the closest
internal and external distances (in A) from given points on the
Hirshfeld surface contacts.
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Fig. S3b. The full two-dimensional fingerprint plots for compound 6, showing (a) all
interactions, and delineated into (b) H...N/N...H, (c) H...Cl/CI...H, (d) H...H, (e) C...C, (f)
C...N/N...C, (g) H...C/C...H, (h) N...CI/CI...N, (i) N...N, (j) C...CI/CI...C and (k) CI...ClI
interactions. The d; and d. values are the closest internal and external distances (in A) from
given points on the Hirshfeld surface contacts.

The overall two-dimensional fingerprint plots, Figs. S3 (a and b) a, and those delineated into
H..H, H..N/N..H, H..CI/Cl..H, H...C/C..H, C..N/N...C, C...CI/CI...C, C..C, N...N and
N...CI/CI...N (for compound 5) and H...N/N...H, H...CI/Cl..H, H...H, C...C, C..N/N...C,
H...C/C...H, N...CI/CI...N, C...CI/Cl...C and CI...Cl (for compound 6) contacts [1] are
illustrated in Figs. S3 (a) b-j (for compound 5) and Figs. S3 (b) b-k (for compound 6), together
with their relative contributions to the Hirshfeld surfaces. The important interactions H...H
contribute 25.3% (for 5) and 18.3% (for 6) to the overall crystal packing, which are reflected in
Figs. S3 (a and b) b (for 5) and d (for 6) as the widely scattered points of high density due to
the large hydrogen contents of the molecules with the tips at d, = d; = 1.33 A (for 5) and d, =
di = 1.13 A (for 6). The pairs of characteristic wings resulting in the fingerprint plots delineated
into H...N/N...H, Figs. S3 (a and b) c (for 5) and b (for 6) contacts with 25.3% (for 5) and
23.7% (for 6) contributions to the HSs are viewed as pairs of spikes with the tips at de + d; =
2.38 A (for 5) and d, + d; = 2.52 A (for 6). The H...CI/Cl...H contacts contributing 16.0% (for 5)
and 20.8% (for 6) to the overall crystal packing, are reflected in Figs. S3 (a and b) d (for 5)
and c (for 6) with the tips at at de + d; = 2.98 A (for 5) and d. + d; = 2.73 A (for 6). In the
absence of C-H...1r interactions (for 5 and 6), the H...C/C...H contacts contributing 12.7% (for
5) and 6.1% (for 6) to the overall crystal packing, are reflected in Figs. S3 (a and b) e (for 5)
and g (for 6) with the tips of the wings at d, + d; = 2.76 A (for 5) and d. + d; = 3.17 A (for 6).
The C...N/N...C contacts contributing 6.2% (for 5) and 9.4% (for 6) to the overall crystal
packing, are reflected in Figs. S3 (a and b) f (for 5) and f (for 6) with the tips of the tiny wings
at de + d; = 3.30 A (for 5) and d, + d; = 3.30 A (for 6). The C...CI/CI...C (in 5) and N...CI/CI...N
(in 6) contacts contribute 6.1% (for 5) and 4.2% (for 6) to the overall crystal packing, and they
are reflected in Figs. S3 (a and b) g (for 5) and h (for 6) with the tips of the wings at d. + d; =
3.48 A (for 5) and d, + d; = 3.45 A (for 6). The C...C contacts with 5.4% (for 5) and 13.3% (for
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6) contributions to the HSs are viewed as arrow-shaped distributions of points with the tips at
de = d; = 1.64 A (for 5) and d. = d; = 1.63 A (for 6), and they are reflected in Fig. S3 (a) h (for
5) and Fig. S3 (b) e (for 6). The N...N contacts with 2.2% (for §) and 3.6% (for 6) contributions
to the HSs are viewed with the tips at d. + d; = 3.23 A (for 5) and d. = d, = 1.68 A (for 6), and
they are reflected in Fig. S3 (a) i (for 5) and Fig. S3 (b) i (for 6). The contributions of the
remaining N...CI/Cl...N (for 5) and C...CI/CI...C and CI...CI (for 6) contacts Figs. S3 (a and b)

are smaller than 1.0% to the HSs with the low densities of points.

The Hirshfeld surface representations with the function d..m plotted onto the surfaces are
shown for the H...H, H...N/N...H, H...CI/Cl..H and H...C/C..H (for 5) and H...N/N...H,
H...Cl/CIl..H, H...H, C...C and C...N/N...C (for 6) interactions in Fig. S4 and Fig. S5,

respectively.
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(c) (d)

Fig. S4. The Hirshfeld surface representations of compound 5 with the function d,m, plotted
onto the surface for (a) H...H, (b) H...N/N...H, (c) H...Cl/CI...H and (d) H...C/C...H interactions.

@ (b)

(c) (d)
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(e)
Fig. S5. The Hirshfeld surface representations of compound 6 with the function d,.m plotted
onto the surface for (a) H...N/N...H, (b) H...Cl/CI...H, (c) H...H, (d) C...C and (e) C...N/N...C
interactions.

The Hirshfeld surface analyses confirm the importance of H-atom contacts in establishing the
packing. The large number of H...H, H...C/C...H, H...CI/Cl...H and H...N/N...H interactions
suggest that van der Waals interactions and hydrogen bonding play the major roles in the
crystal packing [2].
Crystal voids
The strength of the crystal packing is highly important to response to the applied mechanical
force depending on the “how crystal packing is strong”. Of course that, if the crystal packing
have large empty spaces, then the molecules are not tightly packed and a small amount of
the applied external mechanical force may break the crystal easily. For checking the
mechanical stability of the crystal packing, void analysis was performed by adding up the
electron densities of the spherically symmetric atoms contained in the asymmetric unit [3].
The void surface is defined as an isosurface of the procrystal electron density, and calculated
for the whole unit cell. Where the void surface meets the boundary of the unit cell, and the
capping faces are generated to create an enclosed volume. The volumes of the crystal voids
(Fig. S6) and the percentages of free spaces in the unit cells are calculated as 68.28 A3 and
7.37% (for 5) and 91.46 A3and 5.61% (for 6). Thus, there is not any large cavity in the crystal
packing.
Interaction energy calculations
The intermolecular interaction energies are calculated using CE-B3LYP/6-31G(d,p) energy
model available in Crystal Explorer 17.5 [4], where a cluster of molecules is generated by
applying crystallographic symmetry operations with respect to a selected central molecule
8
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within the radius of 3.8 A by default [5]. The total intermolecular energy (Ei) is the sum of
electrostatic (Eee), polarization (E,q), dispersion (Eg4s) and exchange-repulsion (Ep) energies
[6] with scale factors of 1.057, 0.740, 0.871 and 0.618, respectively [7]. Hydrogen-bonding
interaction energies (in kJ mol') are -13.3 (Eeie), -1.9 (Epol), -82.1 (Edis), 60.0 (Erep) and -49.9
(Etot) (for C6-H6...N1) in compound 5.

(c) (d)

Fig. S6. Graphical views of voids in the crystal packings of compounds 5 and 6 [(a) along a-
axis and (b) along b-axis (for 5)] and [(c) along a-axis and (d) along c-axis (for 6)].
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Energy frameworks

Energy frameworks combine the calculation of intermolecular interaction energies with a
graphical representation of their magnitude [6]. Energies between molecular pairs are
represented as cylinders joining the centroids of pairs of molecules with the cylinder radius
proportional to the relative strength of the corresponding interaction energy. Energy
frameworks are constructed for Eqe (red cylinders), Egs (green cylinders) and Ei (blue
cylinders) (Fig. S7). The evaluations of the electrostatic, dispersion and total energy
frameworks indicate that the stabilizations are dominated via the dispersion energy

contribution in compound 5 and the electrostatic energy contribution in compound 6.

10
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(d)
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Fig. S7. Perspective views of the energy frameworks for a cluster of molecules of compounds
(5 and 6) showing the [(a) (for 5) and (d) (for 6)] electrostatic energy, [(b) (for 5), and (e) (for
6)] dispersion energy and [(c) (for 5) and (f) (for 6)] total energy diagrams. The cylindrical
radius is proportional to the relative strength of the corresponding energies and they were
adjusted to the same scale factor of 80 with cut-off value of 5 kJ mol-! within 2 X 1 X 2 unit

cells.
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Molecular docking

() (d)

Figure S8. Docked poses of compound 5 (a-b) and 6 (c-d) within the active pocket of urease with and

without surface depicted by Biosolve LeadIT.
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(b)

Fig. S9. Docked pocket of urease showing the poses selected for HYDE calculations.
Pose # 3 of compound 5 (a), and pose # 1 of compound 6 (b) predicting the complete
superimposition of docked poses having “scoring, i.e., the affinity assessment of a
ligand in a binding pocket.

Table S1 ADME properties of compounds 5 and 6.

Properties Compounds
5 | 6
Physicochemical properties
Molecular weight (g/mol) 218.64 204.62
No. of heavy atoms 15 14
No. of aromatic heavy atoms 13 13
Fraction Cgp3 0.10 0
No. of rotatable bonds 0 0
No. of H-bond acceptors 3 3
No. of H-bond donors 0 0
Molar refractivity 58.26 53.30
TPSA (A?) 43.08 43.08
Lipophilicity
Log P, (ILOGP) 2.10 1.77
Log Py (XLOGP3) 2.35 1.95
Log Py (WLOGP) 2.24 1.93
Log Py (MLOGP) 2.86 217
Log Py (SILICOS-IT) 1.98 1.54
Consensus Log P, 2.31 1.87
Water solubility
Log S (ESOL) -3.32 -3.02
Solubility (mg/mL; mol/L) 1.05e-01; 4.81e-04 1.93e-01; 9.46e-04
Class Soluble Soluble
Log S (ALi) —2.89 —2.48
Solubility(mg/ml; mol/l) 2.79e-01; 1.28e-03 6.78e-01; 3.32e-03
Class Soluble Soluble
Log S (SILICOS-IT) —4.03 -3.64
Solubility (mg/ml; mol/l) 2.05e-02; 9.40e-05 4.71e-02; 2.30e-04
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Class | Moderately soluble | Soluble
Pharmacokinetics

Gl absorption High High
BBB permeant Yes Yes
P-gp substrate No No
CYP1A2 inhibitor Yes Yes
CYP2C19 inhibitor No No
CYP2C9 inhibitor No No
CYP2D6 inhibitor No No
CYP3A4 inhibitor No No

Log K, (skin permeation) (cm/s) -5.97 —6.16

Druglikeness

Lipinski Yes; 0 violation Yes; 0 violation
Ghose Yes; 0 violation No; 1
violation:#atoms<20
Veber Yes; O violation Yes; 0 violation
Egan Yes; 0 violation Yes; 0 violation
Muegge Yes; 0 violation Yes; 0 violation
Bioavailability score 0.55 0.55
Medicinal chemistry
PAINS 0 alert 0 alert
Brenk 0 alert 0 alert
Leadlikeness No; 1 Violation No; 1 Violation
MW<250 MW<250
Synthetic accessibility 2.14 1.90
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