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4,4-dimethoxy-1,1-biphenyl has been synthesized and its chemical structure has been characterized by various spectroscopic
techniques like FT-IR, 'H & *C NMR, and SC-XRD methods. The structure reveals the existence of two C-H--- and a weak
m...w interaction which are primarily responsible for the stability of the crystal packing. A comparison of the X-ray structure &
its optimized data using DFT has been made. The frontier molecular orbital analysis (FMO) reveals an energy gap of 4.57 eV
and the molecular electrostatic potential map shows the charge distribution in the molecule. The two-dimensional fingerprint
maps as emanated from the Hirshfeld analysis demonstrates the presence of H...H, C...H and O...H interactions. The
molecular docking analysis has also been performed with tyrosinase (3NQT1).
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1 Introduction

Biphenyl has numerous applications in fields like
industry, materials science, and pharmaceuticals'~. They
also exhibit potent biological activities, including anti-
fungal, anti-hypertensive, anti-inflammatory, anti-
cancer, etc*®. As a consequence, the search for novel
biphenyl-based molecules possessing potent biological
properties has become critical.

In continuation of our work on biphenyls, we present
the synthesis, characterization and X-ray structure
elucidation of 4,4-dimethoxy-1,1-biphenyl (4-DMB)*".
The theoretical calculations have been performed by
employing the Density Functional Theory (DFT)
approach in an effort to experimentally and theoretically
describe the crystal structure. The Hirshfeld surface
analysis has been employed to explore the
intermolecular interactions in the crystal structure. The
molecular docking analysis has also been carried out
using tyrosinase (3NQI1) to assess the therapeutic
potential of 4-DMB for dermatological disorders.

2 Materials and Methods
2.1 Synthesis

10 mg of Fe;O4/ Pd, 4-bromoanisole (Immol) in
3ml of water—ethanol (1:1), 4-methoxy phenylboronic
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acid (1.1 mmol) and 2mmol of K,CO; (0.276 mg) all
were added to a round bottom flask. The resulting
mixture was then stirred for 2 hours at 40 °C, while
being monitored using TLC. Once the reaction was
complete, ethanol (5ml) was added, and the catalyst
was separated using a magnet. The purification
process was accomplished by simple recrystallization.
The product identified using NMR and FT-IR
spectroscopic techniques.

FT-IR :3115, 2959, 2910, 2347, 1680, 1598, 1485,
1233, 1173, 1028, 813, 612 cm™".

'H NMR: (400 MHz, CDCl;): & 3.85 (6H, s, -CH3),
6.95-6.97 (4H, t, -ArH), 7.26-7.49 (4H, t, -ArH).

BC NMR (100 MHz, CDCly): & 55.34, 114.15,
127.73, 133.47, 158.67.

2.2 Structure determination

The SC-XRD data were collected using the
HyPix3000 diffractometer at 293 K using MoKa
radiation. The structure has been solved by intrinsic
phasing (SHELXT)" and refined by full-matrix least
squares on F> (SHELXL)" using OLEX Software'.
All hydrogen atoms were fixed and non- hydrogen
atoms were allowed to refine anisotropically. The
final cycle of refinement brought the residual index to
0.046. The geometrical calculations were performed
using PLATON'” and PARST'® software, while the
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Fig. 1— ORTEP view of 4-DMB.

Table 1 — Crystal data of 4-DMB.

CCDC No. 2270742
Formula C7H70
Weight 107.13
Temperature 2932) K
Crystal system Orthorhombic
Spacegroup Pbca

a=7.4305(3)A
b=6.2205(2)A
¢=24.5507(10)A

Cell parameters

a, B, y=90°
Volume (V) 1134.77(7) A®
Z 8
Absorption coefficient  0.083 mm™'
F(000) 456.0
Radiation (MoKa) 0.71073 A
Theta range 6.41°-54.832°
No.of Reflections 8819
No. of parameters 74

9<h<8, -7<k<8,-31<1<30
1231 [Rint = 0.0348, Rsigma = 0.0273
R1 =0.0466, wR2 = 0.1180

R1 =0.0776, wR2 = 0.1358

1.058

0.12/-0.15¢ A3

Index ranges
Independent reflections
Final [I>=206(I)]

R indexes [all data]
GOOF on F2

Largest diff. peak/hole

ORTEP and packing views were obtained using the
MERCURY software'’.

2.3 Theoretical studies

DFT method has been employed for the
optimization of the structure with B3LYP/6-311G ++
G (d, p) basis set using Gaussian 09 *. The CIF file has
been used as an input for the DFT calculations. The
HOMO/LUMO gap and molecular electrostatic
potential (MEP) map have been computed using DFT.
The Crystal Explorer 21.5*' helped investigate the
Hirshfeld surface and the 2D-fingerprint plots. The

Table 2 — Comparison of bond lengths and angles between XRD

and DFT.

Bond lengths (A) XRD DFT

01-C7 1.418 1.420
C1-C2 1.375 1.395

C1-Co6 1.377 1.398

C4-C3 1.388 1.401

01-Cl1 1.369 1.364
C2-C3 1.380 1.394
C6-C5 1.375 1.384
C4-C5 1.392 1.409
Bond angles () XRD DFT

C1-C2-C3 119.80 119.89
C2-C3-C4 122.81 122.57
C3-C4-C5 115.81 116.06
C4-C5-Co6 120.00 122.22
C5-C6-Cl1 120.71 120.43
01-C1-C6 116.02 116.20
01-C1-C2 125.10 124.97
C1-01-C7 118.00 118.46
C6-C1-C2 118.87 118.81

molecular docking has been performed using the
AutoDock Vina software” for the target protein
tyrosinase (PDB ID: 3NQ1) having interaction with the
ligand (4-DMB) for visualising the ligand-protein
binding sites using Discovery Studio 4.1 Visualizer
software™>*,

3 Results and discussion

3.1 X-ray structure analysis

The crystal belongs to the monoclinic system having
space group Pbca and the precise crystal data are
presented in Table 1. The asymmetric unit contains half
of the molecule and the remaining fragment was grown
(ORTEP Fig. 1). The geometrical parameters obtained
experimentally were optimized using DFT formalism
and it shows a fair amount of agreement (Table 2).
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Fig. 2— Packing view with C7-H7-0O1 (turquoise), C-H...Cg (blue) and Cg...Cg (green) interactions.

Table 3 — Different interactions of 4-DMB.

D-HA D-H(A) HAA) DAA) D-H"A(°)
C7-H7C-01 0.94 2.62 3.47 144.9
C2-H2-Cgl" 0.93 2.86 3.652 138
C5-H5-Cgl" 0.93 2.82 3.615 139.3
=12-X,12+Y,Z
ii=3/2-X, -1/2+Y, Z

Table 4 — Chemical reactivity parameters.
Parameters eV)
EHOMO, EH -5 .49
ELUMO, EL '0.91
Energy gap, AE = |[Ey_E,| 4.58
Ionisation potential, - Ey 5.49
Electron affinity, - E; 0.91
Chemical Potential, p = -y -3.2
Electronegativity, x = -(Ey + E1)/2 32
Softness, 6 = 1/2n (eV)! 0.22
Hardness, n = |Ey_E|/2 2.29
Global Electrophilicity, o = p*/2n, 2.23
Different interactions of 4-DMB are shown in

Table 3. There exists a C-H...O and two C-H...n
interactions, besides a weak Cg---Cg interaction
(distance 4.825A, symmetry code: 3/2-X,1/2+Y, Z). The
packing view of the molecule is shown in Fig. 2.

3.2 HOMO/LUMO and MEP analysis

The energies of HOMO and LUMO as computed
using DFT are: Egomo = -5.48 eV and E;ypmo =-0.912
eV, respectively (Table 4). The energy difference
(4.57 eV) between the two is relatively large, meaning
that the molecule is hard and chemically stable

(@)

AE =4.57 eV )

ElIO\-IO

Fig. 3 — (a) HOMO/LUMO (b) MEP map of 4-DMB.

(Fig. 3(a)). The positive (blue) potential region in the
MEP plot is concentrated more over the hydrogen
atoms, while the negative (red) potential region is
over the oxygen atom. The pale-yellow region
indicates the existence of significant C-H...w
interactions (Fig 3b).

3.3 Hirshfeld surface analysis

The Hirshfeld surface of the molecule mapped over
the dyom is shown in Fig. 4”' The duorm value is positive
for shorter contacts (blue region), negative for the longer
contacts (red regions) and zero in the case of van der
Waals (vdW) separation®. The red spots on the dpom
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(b)

Fig. 4 — (a) dnorm (b) shape index plot of 4-DMB.

Fig. 5— Three-dimensional binding pose of 4-DMB and 3NQ1.

surface are attributed to the existence of C7-H7b...01
(C-H...O) short contact (Fig. 4(a)) whereas the C—H---xt
interactions are indicated by red patches on the shape
index plots (Fig. 4(b)). The contributions from different
contacts to the total Hirshfeld surface areas as obtained
using the fingerprint plot are: O---H (14.8%), H---H
(47.3%) and C---H (37.9%).
3.4 Molecular docking analysis

The three-dimensional binding pose of 4DMB at
the binding site of the 3NQI enzyme is shown in
Fig. 5. The 4-DMB:3NQI1 complex is stabilized by
one conventional hydrogen bond, one carbon-

hydrogen bond and eight hydrophobic bonds. The
conventional hydrogen bond exists between the donor
hydrogen atom of the residue LYS47 and the oxygen
atom of 4-DMB at a distance of 2.45 A. The carbon-
hydrogen bond exists between the donor hydrogen
atom of 4-DMB and the oxygen atom of the residue
HIS49 at a distance of 3.11 A. The binding energy
(B.E), distance and bonding type of the eight
hydrophobic bonds are listed in Table 5, respectively.
The binding energy score of -7.8 Kcal/mol for the
4-DMB:3NQI1 complex confirms that 4-DMB has the
potential to act as a potent inhibitor for tyrosinase.
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Table 5 — Different types of interactions between 4-DMB and 3NQ1.
Inhibitor ~ B.E (Kcal mol™")  Interactions Distance (A) Bonding Bonding Types
4-DMB -7.8 LYS47[H...O] 2.45 Hydrogen Bond Conventional Hydrogen Bond
HIS49[0...H] 3.11 Hydrogen Bond Carbon Hydrogen Bond
ILE139[CH...x] 3.54 Hydrophobic Pi-Sigma
PHE48[r...CH] 3.80 Hydrophobic Pi-Sigma
PHE48[x...n] 4.12 Hydrophobic Pi-Pi Stacked
ALA44 [n...C] 4.12 Hydrophobic Alkyl
LYS47 [x..C] 4.82 Hydrophobic Alkyl
PROS52 [n...C] 3.89 Hydrophobic Alkyl
ALA40[C...x] 4.41 Hydrophobic Pi-Alkyl
ALA40[C... 7] 4.20 Hydrophobic Pi-Alkyl
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