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Abstract

The structure of 1-{4-(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole was determined by X-
ray crystallography. The latter crystallizes in the monoclinic space group la. The cell dimensions
of the azole are a = 12.2393 (6) A, b = 12.4076 (6) A, ¢ = 10.0409 (5) A, B = 112.5240 (5)°, V =
1408.50 (12) A% and Z = 4, and its structure was refined to Ry = 0.0230, wR; = 0.0614. The
tetrazole ring is essentially planar, while the aryl rings at the 1- and 5-positions of this compound
show consistent twist from the tetrazole plane, with tetrazole-aryl dihedral angles in the range of
38.63(4)° to 47.23(5)°. No strong intermolecular hydrogen bonds were observed. Docking study
of the studied tetrazole with cyclooxygenase-2 enzyme was preformed. Amino acid residues in
the binding site that interact with the molecule were identified and their interactions with the
ligand were discussed.
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most widely used
therapeutics worldwide for the treatment of inflammation, pain, fever, and for the
prevention of thrombosis. The mechanisms of their pharmacological effects are based
on inhibition of the catalytic domain of cyclooxygenase enzymes by sterically hindering
the entrance of arachidonic acid as their physiological binder. This results in a reduced
production of prostaglandins and thromboxanes, which contribute as important
autocrine and paracrine mediators in many physiologic and pathophysiologic
responses. Cyclooxygenases (COXs) are involved in the complex conversion of
arachidonic acid to various prostanoids like prostaglandins, prostacyclin and
thromboxanes.™™ However, while 5-substituted 1H tetrazoles have found numerous
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applications in medicinal chemistry as carboxylic acid isostere, considerably less use
of 1,5-disubstituted tetrazoles has been reported in the literature. Several reports
describe the use of 1,5-disubstituted tetrazoles as isosters of the cis-amide bond in
peptides. It was shown that the tetrazole-containing compounds adopt almost the
same conformation as the original peptide, and prominent examples involve a-
methylene tetrazole-based peptidomimics as HIV-protease inhibitors.”” Other 1,5-
disubstituted tetrazoles have been described in recent patent literature such as
glucokinase activators,” NAD(P)H oxidase inhibitors,!” anti-migraine agents,’”® and
hepatitis C virus serine protease NS3 inhibitors."!

Recently, we described various 1,5-diaryl substituted tetrazoles containing a 4-
(methylsulfonyl)phenyl substitutent attached to position 1 of the tetrazole ring as a
novel class of COX-2 inhibitors."®*" In this work, we are reporting the X-ray structure
of 1-{4-(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole as a COX-2 inhibitor, together
with its molecular docking studies inside the cyclooxygenase-2 enzyme, to understand

the way it seats and binds with the surrounding amino acids of the COX-2 enzyme.

Single Crystal X-ray Structure Determination

Colorless single crystals of the azole substrate were obtained by slow
evaporation of chloroform solutions of the compounds at room temperature. Suitable
single crystals were selected, coated with Paratone-N oil, and attached to glass fibers.
Diffraction data was collected on a Bruker D8 diffractometer equipped with an APEX I
CCD detector. Diffraction measurements were made with the crystals cooled to at
173(1) K and using graphite-monochromated Mo Ka radiation (A = 0.71073 A). The
structure was solved by iterative dual-space direct methods using SHELXD" and was
refined by full-matrix least-squares procedures on F?, using SHELXL-97."*! The
positions of the hydrogen atoms were generated based on the sp2 or sp3 hybridizations
of their parent carbon atoms and assigned isotropic displacement parameters 120% of
the Ugq's for their parent atoms. The molecular structure and the atomic numbering

scheme of the azole is shown in Figure 1.

Molecular Modeling (Docking) Studies

To explore the plausible binding mode of 1-{4-(methylsulfonyl)phenyl}-5-phenyl-
1H-tetrazole in the active site of COX-2 isozyme, molecular modeling (docking)
experiments were carried out using the AutoDock Vina software.™
Results and Discussion
Crystal structure analysis

Table 1 lists crystallographic and experimental details for the diffraction
experiments, while the molecular structure and the atomic numbering scheme of the 1-
{4-(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole is shown in Figure 1.
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Table 1: Crystal data and experimental details of X-ray diffraction for the 1-{4-
(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole.

formula
formula weight
crystal dimensions (mm)
crystal system, space group
a (A
b (A)
c (A)
B (deg)
V (A3)
Z
D, calculated density (g cm™)
W (mm™)
diffractometer
radiation (A [A])
temperature (K)
scan type
data collection 26 limit (deg)

total data collected

independent reflections (Rint)
observed reflections (I >
20(l))
structure solution method

refinement method

absorption correction method
range of transmission factors
data/restraints/parameters
extinction coefficient (x)
Flack absolute structure
param.
goodness-of-fit (S)* (all data)
R, WR; (1> 2 o(l))”
R, WR, (all data)®
largest difference peak and

hole (e A™®)

C14H12N402S
300.34
0.47 x 0.36 x 0.19
monoclinic, Cc (No. 9)
12.2393 (6)
12.4076 (6)
10.0409 (5)
112.5240 (5)
1408.50 (12)
4
1.416
0.240
Bruker D8/APEX Il CCD
graphite-monochromated Mo Ka (0.71073)
273(1)
w scans (0.3°) (15 s exposures)
55.16
6242 (-15<h<15,-16 <k<16,-13<I<
13)
3245 (0.0107)

3186

direct methods (SHELXD)
full-matrix least-squares on F* (SHELXL—
97)
Gaussian integration (face-indexed)
0.9559-0.8961
3245/01/190

0.04(4)

1.061
0.0230, 0.0609
0.0235, 0.0614

0.177,-0.210

23 = [sw(Fo” — FA)%(n — p)]*2 (n = number of data; p = number of parameters varied; w =
[0%(Fo?) + (a0P)2 + alP] ™ where P = [Max(Fo’, 0) + 2F]/3; %0 = 0.0396, *1 = 0.2530.
"Ra = Z||Fo| — [Fell/ZIFol; WRa = [Sw(Fo’ - Fe)?/Zw(Fo)] ™.
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Figure 1: Molecular structure of 1-{4-(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole.
Atomic displacement ellipsoids are drawn at the 50% probability level, except for
hydrogen atoms which are shown with arbitrarily-small isotropic displacement
parameters.

Bond lengths and angles for the azole compound are listed in Tables 2 and 3,
respectively. The dihedral angles between the ring planes (Table 4) are similar, and
indicate no conjugation between attached rings of the molecule.

There is an intermolecular n-stacking arrangement of the tetrazole group and
the phenyl group of the adjacent molecule related by the (x, ¥, 1/2+z) symmetry
operation. The dihedral angle between the ring planes of these groups is 8.56(9)°. The
carbon atoms of the symmetry-related phenyl group that are closest to the tetrazole
ring plane are C26 (3.380(3) A), C25 (3.420(2) A), and C21 (3.543(3) A). A number of
weak nonbonded heteroatom-hydrogen interactions are observed, the closest of which
are 02...H25(at 1+x, y, 1+z) = 2.48 A, N4...H17C(at x-1, y, -1/2+z) = 2.49 A,
O1...H15(at x, ¥, =1/2+z) = 2.61 A, and N2...H12(at x, y, 1/2+z) = 2.72 A.

Table 2: Bond lengths (A) for the 1-{4-(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole.

S-01 1.4395(10)

S-02 1.4379(10)
s-Cc14 1.7723(13)
S-C17 1.7556(14)
N1-N2 1.3618(15)
N1-C1 1.3504(16)
N1-C11 1.4282(16)
N2-N3 1.2887(16)
N3-N4 1.3623(16)
N4-C1 1.3214(16)
c1-c21 1.4707(17)

37



Table 3: Bond angles (deg) for the 1-{4-(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole.

01-S-02 117.97(6)
01-S-C14 108.28(6)
01-S-C17 109.07(7)
02-S-C14 108.05(6)
02-S-C17 108.46(7)
C14-S-C17 104.13(6)
N2-N1-C1 107.95(10)
N2-N1-C11 119.82(10)
C1-N1-C11 132.19(10)
N1-N2-N3 106.53(10)
N2-N3-N4 111.07(10)
N3-N4-C1 106.12(10)
N1-C1-N4 108.34(11)
N1-C1-C21 126.95(11)
N4-C1-C21 124.65(11)

N1-C11-C12 119.90(11)
N1-C11-C16 118.02(11)
S—C14-C13 119.80(10)
S—C14-C15 118.49(9)

Table 4: Dihedral angles (deg) between ring planes for the 1-{4-
(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole.

Angle between planes A and B 47.23(5)
Angle between planes A and C 43.06(3)
Angle between planes B and C 63.29(4)

Plane A: N1, N2, N3, N4, C1 (tetrazole)
Plane B: C11, C12, C13, C14, C15, C16 (4-(methylsulfonyl)phenyl)
Plane C: C21, C22, C23, C24, C25, C26 (phenyl)

Molecular docking results

The studied tetrazole binds to the binding pocket of COX-2 through the
formation of various distinct H-bonds and hydrophobic interactions with selected amino
acid residues of the binding pocket (Fig. 2 (Left)). The docking of the azole into the
COX-2 binding site resulted in a calculated binding free energy AG = -10.3 kcal/mol.
Although the azole is docked inside the binding pocket of COX-2 (see Fig. 2 (Left)), the
MeSO2 group is located away from the secondary side pocket of amino acid residues
Arg513, GIn192, His90, and Ala516 with distances of 6.99, 8.57, 9.05, and 10.35 A,
respectively. The presence of Ser530 and Tyr385 in the binding moiety results in the
formation of a hydrogen bonding interaction between the hydroxyl group of both
Ser530 and Tyr385 with the N2 (distance = 1.88 A) and N4 (distance = 3.22 A) of the
central tetrazole moiety respectively, as shown in Figure 2 (Right). Furthermore, the
hydroxyl group of Tyr355 and the guanidine group of Arg120 formed hydrogen bond
interactions with two oxygen atoms of the methylsulfonyl group (MeSO2), with
distances of 2.38 and 2.69 A, respectively. The amino acid residues, Leu359 and

Valll6, form a hydrophobic environment by surrounding the methyl substituent of the
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MeSO2 group (Fig. 3). The phenyl group of the azole was surrounded by a
hydrophobic colony of Phe518, Val523, and Trp387. However, a third hydrophobic
gathering was formed around the methylsulfonyl phenyl substituent by Leu531,
Ala527, Val523, and Val349 amino acid residues, as shown in Figure 3. These results
are in agreement with the previously reported in vitro low potency of this compound in
the COX-2 enzyme.™

¥
W)
.,

»«

R,
’ 'k: ~9 » :SerSSI}
Trp3s7 gl Ng® T~g® LeuS31
» o5z e
0¥ e TN
A M atas27 »
\ B
» ' s s/ =
‘ ’

L4 ""- »— ..\_
- » » [
5 ' ! Arg120
- HE

Tyr385

Phe5is8 B ' _— 2
» - .

¥ Vals23 - 120
> &
2 \
" » \ »
Val349 Valll6
» »
2 y
Ser3s3 | 1

&
Tyr3ss

Tyr3ss | T d
L

Figure 2: (Left) Docked structure of the 1-{4-(methylsulfonyl)phenyl}-5-phenyl-1H-
tetrazole surrounded by the amino acid residues involved in the recognition process.
(Right) Hydrogen bonding inside the catalytic site between the 1-{4-
(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole and the amino acid residues Ser530,
Tyr385, Arg120, and Tyr355.
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Figure 3: The hydrophobic environment of the amino acid residues in the catalytic site
of COX-2 surrounding the 1-{4-(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole.

Conclusions

The molecular structure of (1-{4-(methylsulfonyl)phenyl}-5-phenyl-1H-tetrazole)
has been determined by X-ray diffraction methods. An intermolecular n-stacking
arrangement was found in the azole between the tetrazole group and the phenyl group

of the adjacent molecule, related by the (x, y, 1/2+z) symmetry operation. Furthermore,
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the dihedral angles, between the ring planes, show no conjugation between attached
rings of the molecules as stated in Table 4. A number of weak non-bonded
heteroatom-hydrogen interactions is observed in the azole. Docking results revealed
that the amino acids ARG120, TYR355, TYR385 and SER530 strongly interact with
the azole via hydrogen bonds, whereas the hydrophobic amino acids present at the
catalytic site provide the hydrophobic environment in accommodating the hydrophobic
parts of the azole.

Supplementary Data

Crystallography data for the azole has been deposited with the Cambridge
Crystallographic Data Centre, CCDC No. 963301. The Data can be obtained free of
charge from CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, Fax + 44 1223 336

033, email: deposit@cdcc.cam.ac.uk or http: www.ccdc.cam.ac.uk.
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