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The compound 1,1'-(1,3-phenylene)bis(1H-tetrazole) (1) has been grown while attempting the synthesis of a coordination
polymer through metal salt mediated hydrothermal synthesis and their structures have been established by single crystal
X-ray diffraction. Pillars involving each of the two independent molecules connected by meeen contacts are pivotal in the
crystal packing of (1). The computational study shows that it might lead molecules for the future drug against HIV.
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The creation of molecular crystals is strongly supported
by the manifold phenomenon of molecular recognition,
which allows molecules to self-organize through non-
covalent interactions and ultimately defines the solid
state architecture'?. The crystal structures of molecular
complexes create opportunities to study how strong and
weak hydrogen bonds interact’. Definitionally, weak
hydrogen bonds do not make a significant contribution
to the overall crystal cohesion on an individual basis,
their primary significance being their abundance®”
Unlike van der Waals interactions, weak hydrogen
bonds (e.g., C—Hee*N) are the prime example in
nature and show attractive forces at relatively long
distances, even beyond the theoretical van der Waals
contact span. In addition, C—Hee*X interactions will
alter the balance across several choices of stronger
bonded networks, thus working as a major "steering
force " in solid-state assembly.

Tetrazoles are the ideal ligands for the preparation of
the porous frameworks, due to their good networking
capabilities'®'* and they have also proven to be
versatile components that form a large number of
functional materials'>'®. A few research groups have
shown the importance of C—Hee*N interactions in
coordination and organometallic chemistry'’. Inorganic
chemists have also paid little attention to the effect of
meeet interactions on the geometry of the coordination
complexes'®"’.

Here we wish to report on the detailed crystal
packing analysis of 1,1'-(1,3-phenylene)bis(1H-
tetrazole), and their computational evaluation against
HIV-1 reverse transcriptase have been studied. We
have also observed docking simulation to study the
binding affinity of 1,1'<(1,3-phenylene)bis(1H-
tetrazole) and compared with other six known
compounds and that of the co-crystallized ligand
(GW564511) of PDB molecule which in turn
elucidate the importance of 1,1'-(1,3-Phenylene)
bis(1H- tetrazole) crystal compared to other known
anti-viral compounds. Structural formulae of the
organic component discussed in this contribution i.e.,
1,3-bis(tetrazol-1-yl)benzene is shown in Fig. 1.

Experimental Details

All chemicals of reagent grade were commercially
available and were used without further purification.
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Fig. 1 — Structural formulae of 1,3-bis(tetrazol-1-yl)benzene
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Crystallography

A single crystal of (1) with sizes 0.445 x 0.201 x
0.110 mm’ was mounted on the goniometer head
holding the crystal specimen, on a Bruker Apex DUO
CCD area detector (fine focus sealed tube fitted with
radiation source) with a graphite monochromator and
Mo Ko radiation (A=0.71073 A). The dimensions
and intensity data of the unit cells were measured at
150(2) K for (1). The structures were solved by direct
methods and refined by an F>-based complete matrix,
with anisotropic thermal parameters for all non-
hydrogen atoms using Bruker APEX for data
collection and SAINT? for cell refining, Bruker
SAINT (data reduction), SHELXS-97 (structure
solution)*’ SHELXL-2018/3 (structure refining)**, and
Bruker SHELXTL (molecular graphics) programs®.
A correction to the absorption of multiple scans
(SADABS) has been applied. The hydrogen atoms
were included in geometrically determined positions
and refined using isotropically (1). Lattice parameters
and refinement for (1) are given in Table 1.

Table 1 — Crystal data and structure refinement details for 1

Empirical Formula Cs Hg Ng
Formula weight 214.21
Temperature (K) 150(2)

Wavelength 0.71073
Crystal System triclinic
Colour colourless
Space Group P1
a(A) 3.7211(6)
b(A) 13.719(2)
c(A) 17.569(3)
a(®) 92.255(9)
@) 90.994(9)
7 (%) 97.748(9)
V(A% 887.8(3)
Z 4
Deare (g/em®) 1.603
o . -3<h=<4,-17<k<17,-21
Limiting Indices “1<21
p (mm™) 0.114
F(000) 440
Rin 0.0365
Theta range for data collection 1.499 to 26.365
Reflections collected 5531
Reflections obs/unique 3375/2736
Completeness to theta 93.3%
Absorption correction multi-scan
Data/restraints/parameters 3375/0/ 289
R(F) I =220) 0.0615
wR (F?) (all data) 0.1900
Goodness-of-fit on F 2 1.137
Largest diff. peak & hole 0.306 &-0.390 ¢ A™
CCDC No. 1987495

Crystallization of 1,1'-(1,3-Phenylene)bis(1H-tetrazole) (1)

A mixture of CdCl, (0.04 g, 0.218 mmol), 1,3-
bis(tetrazol-1-yl)benzene (0.015 g, 0.07 mmol),
dimethylformamide (4 mL) and distilled water (2 mL)
was prepared and sonicated for 15 min, after which, at
room temperature, the solution remained undisturbed.
After a few days, colorless prism shaped crystals
suitable for X-ray diffraction were formed which were
isolated by filtration, washed with distilled water, and
dried in air. Unfortunately, CdCl, did not bind to the
synthesized complex and the crystal structure of (1)
was obtained.

Results and Discussion
Description of Crystal Structure 1,1'-(1,3-Phenylene)bis(1H-
tetrazole)(1)

Compound crystallized in the triclinic system in
space group Pi,, its asymmetric unit consists of two
crystallographically independent molecules Fig. 2(a);
these are easily differentiated by the angles between
the least-square plane of the phenylene ring and those
of the tetrazoles, assuming values of 2.26 and 6.66° in
one molecule, and 8.76 and 24.81° in another.
The nitrogen atom of tetrazole of 1,1'-(1,3-
Phenylene)bis(1H-tetrazole) as bifurcated donor atom
as well as bifurcated acceptor atom which forms
dimer involving C—He**N synthons. The hydrogen
bonding parameters are listed in Table 2.

Fig. 2 — (a) Ellipsoid plot (drawn at 30% probability level) of the
asymmetric unit of (1) with atom labeling scheme and (b) The
offset parallel displaced m---m interactions with centroid---centroid
distances in A (centroids represented as faded red circles)



SINGH et al.: STUDIES OF 1,1'<(1,3-PHENYLENE)BIS(1H-TETRAZOLE) 367

Table 2 — C--Hs+*N Hydrogen bonding parameters for 1 (A) and (°)

D-HeeeA d(D-H)
C(4)H(4)*"N(2)#1 0.950
C(5)H(5)*+*N(16)#7 0.950
C(6)-H(6)**N(12)#3 0.950
C(7)-H(7)++*N(8)#2 0.950
C(8)-H(8)*+sN(11)#3 0.950
C(8)-H(8)***N(12)#3 0.950
C(14)-H(14)*sN(4)#4 0.950
C(16)-H(16)*+sN(10)#5 0.950
C(17)-H(17)+N(15)#6 0.950
C(19)-H(19)+sN(3)#4 0.950
C(19)-H(19)+N(4)#4 0.950

d(Hee+A) d(De++A) <(D-He++A)
2.657 3.479 145.06
2.687 3.530 148.23
2.746 3.656 160.65
2.590 3.489 169.5
2.614 3.480 151.92
2.393 3.337 172.86
2.582 3.476 157.0
2.584 3.374 140.82
2.335 3.259 164.18
2.465 3.396 166.56
2.718 3.632 161.52

Symmetry transformations used to generate equivalent atoms: #1 -x+2, -y+1, -z+1 , #2 -x, -y, -z+1 , #3 x-1,y, 2z, #4 x-1, y, z-1 , #5 X, -y,

-z, #6 -x+2, -y+1, -z , #7 -x+1, -y+1, -z
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Fig. 3 — (a) View of the crystal lattice along the a-axis showing the 1D zig-zag chain and (b) view of the crystal lattice down
crystallographically b axis showing parallel stacked 1-D hydrogen bonded layers through «t . . . 7 stacking

The hydrogen bonding through the nearby dimer
units between nitrogen atom (N3 & N4) and -C—H
group of C19 & C14 carbon of aromatic heterocyclic
ring along with c axis results in the formation of 1D
zig-zag chain Fig. 3(a). The representation of 1D
architecture along the a-axis allows the visualization
of a bifurcated intermolecular C—H-e**N interaction,
between the atoms C19—H19++eN3(2.465A) and
C19—H19+esN4(2.718A) and N3eeeH19eeeN4
angle is 30.04°. Also, the bifurcated intermolecular
C—HeeeN interactions H14 and HI9 must be
emphasized, C14—H14+esN4(2.582A) and Cl4—

H19+esN4(2.718A) and H14eseN4sesH19 angle is
52.24°.

Thus formed 1D layers are parallel stacked along
the b axis through neeen stacking between the benzene
rings of the nearby 1D chain of (1) and the
distance between the two stacking layers was found to
be C13—Cl14=3.392A and CI11—C16=3.387A
Fig. 3(b).

The nearby 1D layers along the c¢ axis are
connected by C—HeeeN  hydrogen bond,
evolving dimer C4—H4sesN2 [(H4*+*N2=2.657A),
(C4—N2=3.479A), (C4eeeH4e+eN2=145.06)], C5—
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HS5eesN16 [(H5+esN16=2.687A), (C5++N16=3.530A),
(CSeeeHS5e+*N16=148.23)] and non-covalent
interaction ~ C17—H17+sN15[H17++N15=2.335A),
(C17+2sN15=3.259A), (C17++H17+*N15=164.18"] in
1 layer. While in the 2™ layer, the formation of
dimer C16—H16+¢sN10 [(H16°+*N10=2.584A), (C16
— N10=3.374A),(C16°+sH16°+*N10=140.82°)] and
presence of bifurcated hydrogen bond between

the atoms C7—H7+¢sN8 (2.590A) and C7—H7++*N7
(2.590A) and N8seeH7+esN7 angle is 30.62°. The
arrangement goes accordingly, resulting in a 2D
hydrogen-bonded network along an a-axis Fig. 4(a). The
2D sheets are bonded by n—r stacking of the tetrazole
rings [C13—Cl14] and [C11—Cl16] resulting
an  a-axis

3D hydrogen-bonded network along
Fig. 4(b).

Fig. 4 — (a) view of the crystal lattice along a-axis showing 2D network evolving C—He**N synthon and (b) view of a 3D network

involving meeer bond



SINGH et al.: STUDIES OF 1,1'<(1,3-PHENYLENE)BIS(1H-TETRAZOLE) 369

Docking simulation study against HIV-1 reverse transcriptase

The 3-dimensional structure of selected potential
antiviral drugs including anti-HIV drugs have been
downloaded from PubMed** and Drugbank®
compound databases. Target protein HIV-1 reverse
transcriptase enzyme has been selected for the current
study and X-ray structure contains 3-Dimensional
information in form of coordinates have been
downloaded from protein database (Resolution = 2.20
A) with GW564511 (co-crystallized ligand) bound at
the active site of the receptor (3dlg.pdb)?’. Ligands
have been prepared by using MGL Tool making all
the rotatable bonds flexible™. Energy minimizations
of target protein have been performed by the SPDBV
tool using the GROMS 96 force field”.

The molecular docking simulation study was
carried out using AutoDock Vina to find the activity
against the selected HIV target and elucidate the
importance of 1,1'-(1,3-Phenylene)bis(1H- tetrazole)
crystal compared to other known anti-viral
compounds (Abacavir (DB01048), Didanosine
(DB00900), Emtricitabine (DB00879), Lamivudine
(DB00709), Stavudine (DB00649), Tenofovir
alafenamide = (DB09299), Tenofovir disoproxil
(DB00300), Zidovudine (DB00495) and Rilpivirine
(DB08864). The results show the different types of
interactions are involved to inhibit the function of the
target HIV-1 Reverse Transcriptase enzyme
(3dlg.PDB). The docking simulation results show that
the binding affinity of 1,1'-(1,3-Phenylene)bis(1H-
tetrazole) has stronger binding energies than six
known compounds and that of the (co-crystallized
ligand (GW564511) of PDB molecule.

The order of binding affinity of docked ligand
molecules against the receptor is GWS564511
(co-crystallized ligand) > Rilpivirine (DB08864) >

Tenofovir Alafenamide (DB09299) = Zidovudine
(DB00495) > 1,1'<(1,3-Phenylene)bis(1H- tetrazole) >
Emtricitabine (DB00879) = Stavudine (DB00649) >
Abacavir (DB01048) > Didanosine (DB00900),
Tenofovir disoproxil (DB00300) and Lamivudine
(DB00709) with the range of binding energy being -
6.1 to -9.7 kcal/mol. Comparative docking simulation
results of selected drugs, PDB bound inhibitor,
and chemically synthesized 1,1'-(1,3-
phenylene)bis(1H- tetrazole) (1) with HIV-1 reverse
transcriptase enzyme (3dlg.pdb) using AutoDock
Vina® (Table 3).

The in-silico study results show that the catalytic
unit of HIV-1 reverse transcriptase enzyme (3dlg.pdb)
active site residues form H-bonds and other
interactions (electrophilic and hydrophobic) with
ligands to inhibit the normal function of an enzyme.
Among the top five docking scores, the synthetic
compound is having good binding affinity compared
to six known antiviral drugs.

Key residues are always the deciding factor in any
enzymatic activity. Table 4 shows that residues of
both chains A and B are important for the inhibition
of HIV-1 Reverse Transcriptase enzyme activity. It is
very clearly shown that key residues of Chain A, Trp
88, Glu 89, GIn 91, and Chain B are Thr 131, Pro 133,
Ser 134, Thr 139, and Gly 141 are the most common
residues which interact 90-100% docked ligand
molecules (Fig. 5a-c). For the enzymatic inhibition,
all the major interactions (electronegative,
hydrophobic, and hydrogen bonding) are important as
depicted by the docked results shown in Table 4,
Fig. 5(c). The synthetic compound would lead the
molecule for the designing of the potent antiviral drug
against HIV disease.

Table 3 — Comparative docking simulation results of selected drugs, PDB bound inhibitor, and chemically synthesized
1,1'-(1,3-Phenylene)bis(1H- tetrazole) (1) with HIV-1 reverse transcriptase enzyme (3dlg.pdb) using AutoDock Vina

S. No. Ligand Name Drug Bank Accession Number (kcal/mol)  No. of H-Bonds
1 GW564511 (Co-crystallized ligand with 3dlg.PDB file ) -9.7 3
2 Rilpivirine DB08864 -8.8 1
3 Tenofovir Alafenamide DB09299 -1.5 6
4 Zidovudine DB00495 -1.5 8
5 1,1'-(1,3-Phenylene)bis (1H- tetrazole) -7.4 7
6 Emtricitabine DB00879 -1.3 3
7 Stavudine DB00649 -7.3 8
8 Abacavir_ DB01048 -7.2 2
9 Didanosine DB00900 -7.1 4
10 Tenofovir disoproxil DB00300 -6.5 5
11 Lamivudine DB00709 -6.1 6
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Table 4 — Showing active site residues interact with known drugs and chemical synthesized proposed molecules against the target
protein, HIV-1 Reverse Transcriptase enzyme

Ligand Name Interacting residue with chain A of

target Protein
GW564511 (Bound Trp 88, Glu 89, GIn 91, Leu 92, Gly 93
ligand with PDB file)
Rilpivirine (DB08864) Trp 88, Glu 89, Gln 91, Ile 380, Val 381,

Gly 384
1,1'<(1,3-Phenylene)  Trp 88, Glu 89, Gln 91, Leu 92, Gly 93
bis (1H- tetrazole)

Abacavir (DB01048)  Trp 88, Glu 89, Gln 91

Stavudine (DB00649) Trp 88, Glu 89, Gln 91

Tenofovir Alafenamide Trp 88, Glu 89, Gln 91, Leu 92, Gly 93,

Interacting residue with chain B of
target Protein

Lys 22, Gln 23, Trp 24, Pro 25, Asn 57, Thr 131, Pro 133,
Ser 134, Thr 139, Pr 140, Gly 141, Arg 143

Gln 23, Pro 25, Leu 26, Ile 31, Thr 131, Pro 133, Ser 134,
Ile 135, Asn 136, Asn 137, Thr 139, Gly 141

Lys 22, Gln 23, Trp 24, Pro 25, Asn 57, Thr 131, Pro 133,
Ser 134, Asn 137, Thr 139, Pro 140, Gly 141, Arg 143

Gln 23, Trp 24, Pro 25, Leu 26, Ile 31, Asn 57, Thr 131,
Pro 133, Ser 134, Asn 136, Asn 137, Thr 139, Pro 140, Gly 141,
Ile 380, Val 381

Gln 23, Pro 25, Leu 26, Ile 31, Thr 131, Pro 133, Ser 134,
Ile 135, Asn 136, Asn 137, Thr 139, Pro 140, Gly 141, Ile 380,
Val 381

Lys 22, Gln 23, Trp 24, Pro 25, Thr 131, Ile 132, Pro 133,

(DB09299) Thr 377, Val 381 Ser 134, Asn 137, Thr 139, Pro 140, Gly 141, Glu 396, Glu 399
Zidovudine Trp 88, Glu 89, GIn 91, Leu 92, Gly 93, Lys 22, Gln 23, Trp 24, Pro 25, Leu 26, Thr 131, Pro 133,
(DB00495) Thr 377, Gln 373 Ser 134, Asn 137, Thr 139, Pro 140, Gly 141, Glu 396, Glu 399,
Thr 400
Didanosine Trp 88, Glu 89, GIn 91, Leu 92, Gly 93, Lys 22, Thr 131, Ile 132, Pro 133, Ser 134, Asn 137, Thr 139,
(DB00900) Gln 161 Pro 140, Gly 141
Lamivudine Trp 88, Glu 89, Val 90, Gln 91, Ala 158, Ile 50, Gly 51, Pro 52, Thr 131, Pro 140, Gly 141, Arg 143
(DB00709) Gln 161, Ser 162, Thr 165, Lys 166
Emtricitabine Trp 88, Glu 89, Val 90, GIn 91, Leu 92, Lys 22, Gln 23, Pro 25, Leu 26, Thr 131, Pro 133, Ser 134, Asn
( DB00879) Gly 93, Tle 94, Val 381 136, Asn 137, Pro 140, Gly 141
Tenofovir disoproxil ~ Trp 88, Glu 89, Val 90, Gln 91, Leu 92, Lys 22, GIn 23, Trp 24, Pro 25, Leu 26, Thr 131, Pro 133, Ser
(DB00300) Ala 158, Ile 159, GIn 161, Ser 162, Thr 165, 134, Tle 135, Asn 136, Asn 137, Thr 139, Pro 140, Gly 141, Ile
Ile 380, Val 381 142, Arg 143
a b c &
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Fig. 5 — (a): Bound confirmation of selected ligands at the active site cavity of target HIV-1 reverse transcriptase enzyme, (b) surface
model view of target protein (HIV-1 reverse transcriptase enzyme) with ligands at the active site cavity and (c) active site residues of

HIV-1
tetrazole)] (1)

Conclusion

A hydrogen bonded 1D chain of 1,1'-(1,3-
Phenylene)bis(1H-tetrazole) (1)  revealed the
presence of bifurcated hydrogen bond [(N—He*N)
(C—Hee*N)] in the crystal structures. 2D hydrogen
bonded framework has been obtained via C—HeeeN
dimer and C—HeeN bifurcated hydrogen bond

reverse transcriptase enzyme and bound conformation of chemically

synthesized ligand [1,1'-(1,3-Phenylene)bis(1H-

resulting in a 2D framework whereas 3D architecture
has been formed via meeem stacking in (1). Non-
covalent bonding (C—Hee*N) plays a key role in the
creation of organic molecular solid-state structures.
Computational evaluation for synthesized compound
[1,1'-(1,3-phenylene)bis(1H- tetrazole)] against HIV-1
reverse transcriptase shows that it might lead
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molecule for the future drug against HIV and work
synergistically with other known drugs after in vitro
and in vivo study.
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