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Abstract Pyrimidine derivatives are well-known nitrogen
containing heterocyclic compound which play an important
role in medicinal and pharmaceutical applications. The
synthesized compound, 2-chloro-4-(4-fluoro-phenyl)-6-iso-
propyl-pyrimidine-5-carboxylic acid methyl ester has been
confirmed by single crystal X-ray diffraction studies. Title
compound crystallizes in monoclinic space group P2,/c with
a=185272(11) A, b = 17.774(2) A, ¢ = 10.2732(14) A,
f = 111.005(2)° and Z = 4. The number of weak but sig-
nificant C-H---O, C-H:--N, C-F---n and 7—n interactions
take part, in the stability of the crystal packing and also the
quantitative contributions of these interactions towards the
crystal packing are investigated by Hirshfeld surface anal-
ysis. A static disorders have been observed in isopropyl
substituent group of atoms C20 and C21 due to anisotropic

< Sahaj A. Gandhi
sahajg7 @gmail.com

' Bhavan’s ShriI. L. Pandya Arts—Science and Smt. J. M. Shah
Commerce College, Dakor, Gujarat, India

Department of Physics, Sardar Patel University,
Vallabh Vidyanagar, Gujarat, India

Gujarat Arts and Science College, Ahmedabad, Gujarat, India

Department of Chemistry, Saurashtra University, Rajkot,
Gujarat, India

Department of Chemistry, Shree M. & N. Virani Science
College, Rajkot, Gujarat, India

thermal motion. Ab-initio and Density Functional Theory
(DFT) calculations have been carried out for the title mole-
cule using RHF/6-311G and B3LYP/6-311G basis set
respectively without polarization function, predicting the
optimized geometry which can well reproduce structural
parameters. Mullikan charge distributions conforms the role
of specific atom especially the donor/acceptor groups in the
intermolecular interactions. In the present study, the neutral
chlorine Cl (Mullikan charge is 0.0038 and 0.0256 by RHF
and B3LYP respectively) does not take part in intermolec-
ular interaction, whereas fluorine F (Mullikan charge is
—0.4358 and —0.3319 by RHF and B3LYP respectively)
took active part in intermolecular interactions. The calcu-
lated HOMO and LUMO energies show that charge transfer
occur in the molecule. To investigate the effect of different
substituted groups on molecular conformation and hence on
its pharmacology, the title compound redesigned with dif-
ferent halogens replacing fluorine of fluoro-phenyl ring and
docked with human estrogen receptor (2I0K) and attempted
to predict the best drug.

Graphical Abstract The molecular structure of 2-chloro-
4-(4-fluro-phenyl)-6-isopropyl-pyrimidine-5-carboxylic acid
methyl ester has been determine, weak but significant
interactions like C-H:---O, C-H---F and n—= are involved in
the stability of the structure and the quantitative contribu-
tions of these interactions towards the crystal packing are
investigated by Hirshfeld surface analysis.
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Introduction

The derivatives of pyrimidine play vital role in many
biological processes [1] and are present in nucleic acid,
several vitamins, co-enzymes and uric acid. Some substi-
tuted pyrimidine and their derivatives have been reported
to possess antimicrobial, antifungal, anti-cancer and
antiviral activities [2-8]. The pyrimidine derivatives pos-
sesses dynamic role in the higher molar content polymers
[9] and in the computation of torsional profiles as conju-
gated heterocyclic system [10]. The pyrimidine derivatives
also show dynamic role in the higher molar content poly-
mers [11]. As part of our ongoing research on X-ray
crystallographic investigations of significant molecules
[12-14], quantum chemical computational studies for the
molecular structure have been carried out using Gaussian
09 software. Molecular conformations in the solid state and

@ Springer

those in isolated state in the absence of weak intermolec-
ular interactions are elucidated. The Hirshfeld surface
analyses [15-17] represent a unique approach to investi-
gate the intermolecular interactions in crystal packing. In
this tool, the molecular surface provides a ‘molecular fin-
gerprint’, a directly accessible 2D map which reveals the
distribution of weak interactions like C—H, N-H, H-H etc.
Analysis of intermolecular interactions using Hirshfeld
surface provide a convenient means of quantifying the
interactions within the crystal structure and offering con-
siderable potential in crystal engineering. It is well docu-
mented that halogens on a specific drug molecule played a
vital role in modify the drug activity. To investigate the
role of different halogens on molecular conformations and
hence on its activity, the title compound, redesigned with
different halogens [Cl, Br and I] docked with human
estrogen receptor and the docking score is investigated.
The relative stability of the ligand receptor complexes are
evaluated via docking study using molecular dynamics by
HEX software.

Experimental Details
Synthesis Method

The synthetic route for the title compound is shown
in Scheme 1. Initially, 3,4-dihydropyrimidine-2-(1H)-one
(I) were synthesized by well-known multi-component
Biginelli reaction of substituted benzaldehyde, methyl
isobutyrate acetate and urea fusion at 150 °C in the pres-
ence of 2-3 drops of DMF as a catalyst. Thus obtained
DHPM (I) were subjected the oxidative dehydrogenation
using 60 % Conc. HNO; to furnish corresponding 2-hy-
droxypyrimidine (II) in excellent yield. The reaction of
compound (II) treated with POCI; under reflux for 2 h
afforded 2-chloropyrimidine derivative (III) up to 92 %
yield.

Methyl 4-(4-fluorophenyl)-6-isopropyl-2-oxo-1,2-
dihydropyrimidine-5-carboxylate (II)

White solid; R;0.48 (1:1 hexane-EtOAc); mp 180-182 °C;
IR (KBr): 3470, 3093, 2999, 1735, 1648, 1586, 1450, 1261,
755,700, cm™'; '"H NMR (300 MHz, CDCl): 6 1.14-1.16
(d, 6H, 2 x 'prCH3), 3.06-3.11 (m, 1H, 'prCH), 3.54 (s,
3H, OCH3), 6.92-6.98 (t, 2H, Ar-H), 7.29-7.40 (d, 2H,
Ar-H), 8.0 (s, 1H, NH); '*C NMR (DEPT):(75 MHz,
CDCl5): 20.82, 31.98, 52.28, 115.28, 115.56, 129.82,
129.93; MS (m/z): 291 (M™).
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Scheme 1 Synthesis of 2-chloro-4-(4-fluro-phenyl)-6-isopropyl-pyrim-
idine-5-carboxylic acid methyl ester

2-Chloro-4-(4-fluoro-phenyl)-6-isopropyl-pyrimidine-5-
carboxylic acid methyl ester (III)

White solid; R;0.83 (8:2 hexane-EtOAc); mp 130-132 °C;
IR (KBr): 3057, 3034, 2972, 2931, 2872, 1828, 1726, 1687,
1572, 1541, 871, 767, 730, 702 cm™'; '"H NMR (500 MHz,
DMSO): 6 1.25-1.26 (d, 6H, 2 x 'prCH3), 3.10-3.16 (m,
1H, ‘prCH), 3.75 (s, 3H, OCHj3), 6.97-6.99 (d, 2H, Ar—H),
7.50-7.52 (d, 2H, Ar-H); '3C NMR (125 MHz, DMSO):
21.40, 30.04, 53.22, 123.34, 128.07, 128.95, 131.07,
135.59, 160.21, 165.50, 167.00, 176.04; MS (m/z): 309
(M").

Thin-layer chromatography was accomplished on 0.2-
mm precoated plates of silica gel G60 Fpsy (Merck).
Visualization was made with UV light (254 and 365 nm) or
with an iodine vapor. IR spectra were recorded on a FTIR-
8400 spectrophotometer. '"H (300 MHz) and (500 MHz)
and '’C (75 MHz) and (125 MHz) NMR spectra were
recorded on a Bruker AVANCE II spectrometer in CDCl;
and DMSO. Chemical shifts are expressed in ¢ ppm
downfield from TMS as an internal standard. Mass spectra

Table 1 Crystal data and

. . Empirical f 1
experimental details mpirica’ formu’a

C;5s His C1F N, O,

Formula weight
Temperature

Wavelength (L)

Crystal system

Space group

a

b

c

B

Volume (V)

z

Density (p)

Absorption coefficient (1)
F(000)

Crystal shape and color
Crystal size

0 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Absorption correction
Refinement method
Data/restraints/parameters
Calculated weights, w
Goodness-of-fit on F>
Final R indices [/ > 2o(/)]
Largest diff. peak and hole

308.73
296(2) K

0.71073 A

Monoclinic

P2,/c

8.5272(11) A

17.774(2) A

10.2732(14) A

111.005(2)°

1453.6(3) A3

4

1.411 Mg/m?

0.279 mm™"

640

Needle, White

0.24 x 0.13 x 0.09

2.29-28.27

—11<h<10; -21 <k <23;,-8<1<13
7126

3317

None

Full-matrix least-squares on F 2

3317/0/190

w = 1/[c6*(Fo?) + (0.0773P)* + 0.974P] where P = (Fo?> + 2Ec?)/3
1.065

R, = 0.0613, wR, = 0.193

0.908 and —0.653
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Fig. 1 The ORTEP view of the title molecule (III) shows atomic
labelling scheme and 50 % probability level displacement ellipsoids

Table 2 Bond lengths (/&), bond angles (°) and torsional angles (°)
involving non-hydrogen atoms by X-ray data (with estimated standard
deviation in parentheses) and by theoretical calculations at the RHF/
6-311G and B3LYP/6-311G levels of theory

Bond lengths A) X-ray RHF/6-311G ~ B3LYP/6- 311G
CI-N2 1.324 (3) 1.3084 1.3255
CI-N6 1.313 (3) 1.3111 1.3248
C1-C17 1.741 (2) 1.7792 1.8168
C3-N2 1.348 (3) 1.3401 1.3583
C3-C4 1.393 (3) 1.3964 1.4110
C3-C19 1.518 (3) 1.5130 1.5156
C4-C5 1.408 (3) 1.3982 1.4143
C4-C15 1.507 (3) 1.4834 1.4878
C5-N6 1.352 (3) 1.3385 1.3603
C5-C8 1.479 (3) 1.4803 1.4785
C8-C9 1.397 (3) 1.3917 1.4064
C8-C13 1.398 (3) 1.3928 1.4066
C9-C10 1.383 (3) 1.3855 1.3945
C10-C11 1.377 (3) 1.3738 1.3866
Cl11-F14 1.359 (3) 1.3724 1.3983
Cl11-C12 1.375 (3) 1.3754 1.3874
C12-C13 1.383 (3) 1.3833 1.3928

@ Springer

Table 2 continued

Bond lengths A) X-ray RHF/6-311G ~ B3LYP/6- 311G
C15-016 1.204 (3) 1.2122 1.2361
C15-017 1.327 (3) 1.3342 1.3678
C18-017 1.457 (3) 1.4463 1.4735
C19-C20a 1.392 (8) 1.5381 1.5474
C19-C20b 1.563 (5)
C19-C21a 1.451 (5) 1.5340 1.5420
C19-C21b 1.630 (7)
Bond angles (°) X-ray RHF/6-311G B3LYP/6-311G
N2-C1-N6 129.6 (2) 126.25 127.33
N2-C1-C17 115.2(2) 117.01 116.42
N6-C1-C17 1152 (2) 116.74 116.24
CI-N2-C3 115.0 (2) 117.96 117.38
N2-C3-C4 121.1 (2) 119.56 119.87
N2-C3-C19 115.5 (2) 115.62 115.46
C4-C3-C19 1233 (2) 124.82 124.67
C3-C4-C5 118.4 (2) 118.00 118.20
C3-C4-C15 119.7 (2) 120.24 119.85
C5-C4-C15 121.9 (2) 121.75 121.95
N6-C5-C4 119.6 (2) 119.84 119.68
N6-C5-C8 1152 (2) 115.27 115.18
C4-C5-C8 125.1 (2) 124.88 125.12
C1-N6-C5 116.1(2) 118.29 117.33
C9-C8-C13 118.5 (2) 119.09 118.94
C9-C8-C5 122.3 (2) 121.64 121.95
C13-C8-C5 119.1 (2) 119.23 119.05
C10-C9-C8 1209 (2) 120.66 120.68
C11-C10-C9 118.2 (2) 118.24 118.32
F14-C11-C12 118.9 (2) 118.53 118.51
F14-C11-C10 117.8 (2) 118.57 118.63
C12-C11-C10 123.2 (2) 122.90 122.86
C11-C12-C13 117.7 (2) 118.32 118.32
C12-C13-C8 121.4 (2) 120.63 120.74
016-C15-017 125.4 (2) 122.69 123.09
016-C15-C4 124.5 (2) 124.93 125.58
017-C15-C4 110.1 (2) 112.37 111.31
C15-017-C18 115.5 (2) 119.86 117.18
C21a-C19-C20b 113.7 (5) 111.57 111.41
C21b—-C19-C20a 112.1(5)
C3-C19-C20a 112.8 (4) 111.10 111.09
C3-C19-C20b 110.6 (3)
C3-C19-C2la 110.1 (3) 109.42 109.30
C3-C19-C21b 109.6 (3)
Torsional Angles (°) X-ray RHF/6- B3LYP/6-
311G 311G
Cl17-C1-N2-C3 —178.65 (17) —176.35 —177.98
N2-C3-C4-C5 —-2.1(3) —3.46 —2.32
C19-C3-C4-C15 =374 —3.83 —3.01
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Table 2 continued

Torsional Angles (°) X-ray RHF/6- B3LYP/6-
311G 311G
C4-C5-C8-C9 28.4 (3) 34.69 40.99
C3-C4-C15-016 66.6 (3) 59.79 60.66
C3-C4-C15-017 —113.1 (2) —118.74 —118.16
016-C15-017- 4.8 (3) 3.01 3.54
C18

C4-C15-017-C18  —175.55 (19) —178.4265 —177.61
C4-C3-C19-C20a 97.3 (5) —107.5808  —106.02
C4-C3-C19-C20b 130.2 (3)

C4-C3-C19-C21a  —103.3 (3) 129.0724 130.34
C4-C3-C19-C21b  —137.1 (4)

were determined using direct inlet probe on a GCMS-QP
2010 mass spectrometer (Shimadzu). Solvents were evap-
orated with a BUCHI rotary evaporator. Melting points
were measured in open capillaries and are uncorrected.

Crystal Growth

The synthesized title molecule (IIT), 2-chloro-4-(4-fluoro-
phenyl)-6-isopropyl-pyrimidine-5-carboxylic acid methyl
ester, in the pure powder form was soluble in methanol,
ethanol and ethyl acetate etc. Transparent white needle
shaped diffraction quality single crystals were grown by
slow evaporation technique using ethanol solvent.

X-Ray Diffraction Study

A suitable sample of single crystal of size (0.24 x 0.13 x
0.09) mm® was selected for the crystallographic study.
Three dimensional X-ray intensity data were collected
from a crystal for 6 ranging from 2.29° to 28.27° using scan
mode on CCD diffractometer (Bruker smart Apex-II) with
graphite monochromated MoKa radiation of wavelength
0.71073 A. The cell refinement and data reductions are
performed using SAINT programme. In total, 7126
reflections have been collected for hkl ranging
—11 <h <10, -21 <k <23 and —8 <[ < 13, out of
which 2839 reflections found to satisfy the criteria
I > 2(I) and used for further structure solution and refine-
ment purpose. The structure was solved by the direct method
using SHELXS-97 [18] and was refined by full matrix least
squares based on F? using SHELXL-2016 [19]. The
molecular graphic were drawn using the ORTEP-3 for
Windows [20] and PLATON programs [21]. All non-hy-
drogen atoms are refined anisotropically. The structure is
refined to R = 0.0600 for the observed reflections 3317 and
R = 0.1617 for all data, Goodness of fit S = 1.065. Highest
and lowest electron density peaks ‘Ap’ are 0.907 and —0.653
eA™3 respectively. CCDC 1003686 contains the supple-
mentary crystallographic data for the compound. These data
can be obtained free of charge via http://www.ccdc.cam.ac.
uk/conts/retrieving.html, or from the Cambridge Crystallo-
graphic Data Centre, 12 Union Road, Cambridge CB2 1EZ,
UK; fax: (p44) 1223-336-033; or e-mail: deposit@ccdc.-
cam.ac.uk. Preliminary crystallographic data and details of

Table 3 Intra and intermolecular hydrogen bond interactions (distances in A, angles in °)

D-H--A d(D-H) (A) d (D-A) (A) d (H-A) (A) (D-H---A)°

Hydrogen bond interactions
C9-H9---016 (i) 0.93 3.437(3) 2.634(2) 145.07(17)
C19-H19---016 (i) 0.98 3.190(4) 2.458(2) 131.27(18)
C9-H9---016 (iii) 0.93 3.374(4) 2.789(2) 121.90(17)
C10-H10---016 (iii) 0.93 3.357(4) 2.767(2) 122.31(18)
C18-H183---016 (iii) 0.96 3.592(4) 2.669(2) 161.29(18)
C18-HI81---N6 (iv) 0.96 3.525(4) 2.630(2) 155.24(19)
C21-H212--017 (v) 0.96 3.427(7) 2.792(2) 124.37(36)

n—7 interaction
Cg(H-Cg() Cg(h)--CgMA y Cg(D-P A Cg(@)-P A
1-2 (i) 3.9554(16) 28.53 16.84 2820 3.486 3.786

C-F-.-7 interaction
C-F(I)---Cg(J) d(F-Cg) A d(C-Cg) A C-F--Cg ° v° F-PA
C8-F1---Cg(1) (ii) 3.971(5) 3.900(2) 71.42(13) 26.78 3.482

Symmetry code: (i) x, y, z; (i) 2—x, —y, 1—z; (i) —x+ 1, =y + 1, -z 4+ 2; (iv) x—1, +y, + (V) —x+ 1, —y+ 1, —z+1
Cg (1) and Cg(2) represents the centroid of the rings (N1,N2,C1,C2,C3,C4) and (C5-C6—C7-C8-C9-C10) respectively
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the data collection along with structure refinement parame-
ters are listed in Table 1.

Computational Details

The quantum chemical study of the title compound has
been performed within the framework of Hartree—Fock
[22] and the density functional theory with Becke’s three-
parameter hybrid exchange functional with Lee—Yang—Parr
correlation functional (B3LYP) employing 6-311G basis
set [23, 24]. All quantum chemical calculations are per-
formed using computer software Gaussian-09 [25] and
Gauss —View molecular visualization program [26]. The
RHF and B3LYP (Becke three parameter Lee—Yang—Parr)
method with 6-311G* basis set are used to determine
optimized geometry in which bond lengths, bond angles,

torsional angles and dihedral angles are calculated and
compared with those of the experimental data (X-ray). The
optimization algorithm included in Gaussian is the “Berny
algorithm” developed by Bernhard Schlegel. This algo-
rithm uses the forces acting on the atoms of a given
structure together with the second derivative matrix to
predict energetically more favorable structures and thus
optimize the molecular structure towards the next local
minimum on the potential energy surface. An explicit
calculation of the second derivative matrix is quite costly,
the Berny algorithm constructs an approximate Hessian at
the beginning of the optimization procedure through
application of a simple valence force field, and then uses
the energies and first derivatives calculated along the
optimization pathway to update this approximate Hessian
matrix. Hirshfeld surface of the title molecule has been
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calculated using CRYSTALEXPLORER 2.1 [27, 28]. The
docking experiments are performed using the docking
software Hex which works on FFT correlation using
spherical polar coordinates [29].

Results and Discussion
X-Ray Crystallography

The ORTEP diagram of the title compound, 2-chloro-4-(4-
fluoro-phenyl)-6-isopropyl-pyrimidine-5-carboxylic  acid
methyl ester with thermal ellipsoids drawn at a 50 %
probability is shown in Fig. 1. The title compound shows
static disorder at C20 and C21 atoms. Atoms C20 and C21
are refined as disordered over two partially occupied
positions, with an occupancy ratio of 0.417(8) and
0.583(8). Bond lengths, bond angles and torsional angles
about few significant bonds involving non-hydrogen atoms
as obtained by X-ray data (with estimated standard devia-
tion in parentheses) and by theoretical at the RHF/6-311G
and B3LYP/6-311G levels of theory are summarized in
Table 2. The pyrimidine ring and fluoro-phenyl ring are
planar and the dihedral angle between them is 28.53(13)°.
Intra molecular weak C9-H9---O16 and C19-H19---O17
hydrogen bond interactions led to the formation of pseudo
seven and six membered hydrogen-bond pattern with graph
set motif S(7) and S(6), thus locking the molecular con-
formation and eliminating conformational flexibility.
Intermolecular interactions such as C-H:--O and C-
H---N are weaker in the hydrogen bond hierarchy and are of
secondary importance in directing the supramolecular
assembly. The crystal packing is governed by diverse set of

(C) .
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1.6
E .
1 e g
- *
-
S 14 >
<
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% . e
*
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- 117 s
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113 e
111 - g
109 -

107

107 109 111 113 115 117 119 121 123 125 127 129

Experimental (X-Ray)

weak but significant C-H:--O, C-H:--N, C-F---n and n—n
interactions, play an important role in stabilization of
supramolecular aggregation. All the geometrical calcula-
tions are performed using PLATON and PARST [30]
software. The Intra and intermolecular hydrogen bond
interactions geometry are summarized in Table 3.

The directional specific =n---m interactions involving
inversely related the centroids of pyrimidine ring and that
fluoro-phenyl ring at 2—x, —y, 1 —z forms stacking interac-
tions as seen on bc plane (Fig. 2a). The Cg—Cg distance
between two centroids is 3.9554(16) A and the angle o
between these two planes is 28.53°. In addition, a significant
C-F---7 interaction contributes to the molecular packing
where the fluorine of fluoro-phenyl ring via C11-F14 linked

Fig. 4 Optimized geometry of the title compound using B3LYP
method
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to the centroid of inversely related pyrimidine ring at 2—x,
—y, 1—z, with C11-F14---Cg(1) (ii) = 3.900(2) A. In the
crystal packing, carbon atoms of the floro-phenyl ring C9 via
H9 and C10 via H10 act as potential donor to oxygen atom
016 of carboxylic acid; C9-H9---O16 and C10-H10---O16
interactions at (—x + 1, —y + 1, —z + 2) generate a graph
set motif R2 (5) [31]. Further the carbon atom C18 of car-
boxylic acid acts as a donor to the same molecule
(=x 4+ 1,—y 4+ 1,—z 4+ 2) of oxygen atom O16 via H183
and generate a ring of graph set motif R3 (10) as shown in
Fig. 2b. Here the oxygen atom O16 works as trifurcated
accepter in C—H---O hydrogen bond interactions. The car-
boxylic acid atom C21 at (x, y, z) acts as a donor via atom
H212, to accepter atom O17 of carboxylic acid at
(—x 4+ 1,—y + 1,—z + 1) generating aring of R3 (16) graph
set motif at each inversion center. Figure 2c illustrates that
carbon C18 of carboxylic acid acts as donor to nitrogen atom
N6 of x—1, + y, + z molecule, C18-H181...N6 hydrogen
bond interactions generated a chain parallel to a-axis.

Ab-Initio and DFT Studies
Geometry Optimization Calculations
The ab initio and Density Functional Theory (DFT) with

Gaussian-09 program package employing B3LYP (Becke
three parameter Lee—Yang—Parr) method with 6-311G

basis set is used to determine optimized structure. Selected
bond lengths, bond angles and torsional angles compared
with those of the experimental data and are presented in
Table 2. The graphical representation of correlation
between experimental versus theoretical bond lengths
using RHF and B3LYP methods are depicted in Fig. 3a, b
and those for the bond angles are displayed in Fig. 3c, d,
respectively. The highest bond length difference is 0.079
and 0.087 A for the C19-C21 bond at RHF and B3LYP
respectively, whereas the biggest bond angle deviation
occurred in the C15-017-C18 angle (4.3555°) in RHF
method and C1-N2-C3 angle (2.3177°) in B3LYP method.
These observed changes in optimized geometry with those
of X-ray data are due to thermal motion of the atoms and
also adopting atomic scattering factors for the isolated
(spherical) atom in the X-ray refinement [32]. The corre-
lation coefficient in bond lengths by RHF and B3LYP are
0.9776 and 0.9732 respectively. The root mean square error
(RMSE) is found to be about 0.0252 A for RHF and 0.0340
A for B3LYP, indicating that the bond lengths obtained by
the HF method shows the strongest correlations with the
experimental values. The root mean square errors for bond
angles are 1.5455° and 1.0755° RHF and B3LYP respec-
tively. The correlation coefficient in bond angles by RHF
and B3LYP are 0.9414 and 0.9713 respectively. The
optimized geometry of molecule obtained by B3LYP
method is shown in Fig. 4.

Table 4 Mulliken charges

. . Atom  Calculated (RHF) Calculated (B3LYP) Atom  Calculated (RHF) Calculated (B3LYP)
(e) for the title compound
Cl 0.2352 0.0830 H9 0.2187 0.2022
N2 —0.4423 —0.2839 H10 0.2050 0.1861
C3 0.3756 0.2267 H12 0.2061 0.1882
C4 —0.0843 0.0320 HI13 0.2106 0.1943
C5 0.1996 0.0495 H181 0.1974 0.2065
N6 —0.4524 —0.2960 H182  0.1969 0.2037
Cl17 0.0037 0.0255 H183  0.1939 0.2018
C8 0.0098 —0.0107 H19 0.2035 0.2013
Cc9 —0.0950 —0.0526 H201  0.1779 0.1824
C10 —0.2379 —0.2258 H202  0.1926 0.1910
Cl1 0.4233 0.3294 H203  0.1962 0.1992
C12 —0.2189 —0.2005 H211  0.2074 0.2077
C13 —0.0815 —0.0603 H212  0.1691 0.1748
F14 —0.4358 —0.3319 H213  0.1733 0.1775
Cl15 0.6136 0.3642
016 —0.5140 —0.3797
017 —0.6291 —0.4536
C18 —-0.1727 —0.2679
C19 —0.3094 —0.2768
C20 —0.4724 —0.4958
C21 —0.4642 —0.4914
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Mulliken Charge Distributions

The atomic charge values obtained by the Mulliken pop-
ulation analysis using RHF and B3LYP methods with
6-311G level without polarization function are tabulated in
Table 4. It may be noted that the all oxygen and nitrogen
atoms have negative charge and all hydrogen atoms have
positive charge. The charge of oxygen O17 atom has more
negative than oxygen O16 and nitrogen atom N6 has more
negative charge against N2 nitrogen atom. Among the
halogen atoms, the chlorine atom Cl7 is almost neutral
(0.0037 for RHF and 0.0255 for B3LYP) whereas fluorine
atom F14 contain negative charge (—0.4358 for RHF and
—0.3319 for B3LYP). Being neutral, chlorine atom does

Fig. 5 Graph sheets of 08

not take part in any intra and intermolecular hydrogen bond
interactions, whereas the fluorine atom takes part in C—
F---I1 hydrogen bond interactions, which supports the X-ray
data (Table 3). The carbon atoms C11 and C15 are more
positive and C20 and C21 are more negative than the other
carbon atoms in the title molecule. The Mulliken charge
distributions graphically plotted using RHF and B3LYP
methods are shown in Fig. 5a, b respectively.

HOMO and LUMO Analysis
Table 5 is the data for HOMO and LUMO energies cal-

culated using RHF and B3LYP methods and Fig. 6 is the
plot for B3LYP/6-311G method. The dipole moment is the

Mulliken charges (e) for the title (a) Mulliken atomic charges (RHF)
compound 0.6
0.4
I I
0 . il
u(l N2 uC3 mCa
-0.2 nds B N6 uCl7 | &
nCo mC10 = C11 mC12
0.4 mCl3 ®WFl4 =®Cl5 ®Ol6
m017 wC18 mC19 wmC20
06 Q21  ®WH9  mHID W HI2
’ H13 » H181 H182 H183
08 H19 H201 H202 H203
’ H211 H212 H213
0.8 (b) Mulliken atomic charges (b3LYP)
0.6
04
0.2 3
O | = — i o=
uCl mN2 L[] | [e)
02 #Cs  mN6  m(7  mCs
’ nC9 m (10 ECll  mC12
04 mC13 mFl4 nC15 m0l6
’ n017 u(C18 (19 mC20
C21 mH9 nH10 H12
06 HI3  WHIS1 ©HIS82 WHI83
H19 H201 H202 H203
038 H211  ©H212  H213

Table 5 Homo-Lumo, total

. Method HOMO
energy and dipole moment of

LUMO

Energy band gap Total energy (Hartree) Dipole moment (Debye)

the title compound RHF

B3LYP

—0.35,662 0.05,144
—0.26,983 —0.09,031

—0.40,806
—0.17,952

—1393.3352
—1399.7658

4.2899
4.2825
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HOMO

2

Fig. 6 Highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO)

measure of the asymmetry in the molecular charge distri-
butions of the compound. The high value suggests that the
title compound is reactive and attractive for further inter-
actions with other system [33]. Figure 6 shows that HOMO
and LUMO delocalized on the pyrimidine ring. The cal-
culated energy value of HOMO is —0.26983 eV and
LUMO is 0.05144 eV. Analysis of the wave function
indicates that the electron absorption corresponds to the
transition from the ground state to the first exited state and
is mainly described by electron excitation from the highest
occupied molecular orbital (HOMO) to the lowest

unoccupied molecular orbital (LUMO). The energy gap of
HOMO-LUMO explains the charge transfer interaction
within the molecule [34].

Hirshfeld Surface Analyses

The Hirshfeld surfaces and the associated 2D fingerprint
plots calculated using Crystal Explorer software. The
number of significant interactions like C-H---O and C-
H---N (Table 3) can be seen in the Hirshfeld surface as the
bright red areas Fig. 7a shows surfaces those have been
mapped over dnorm range 0.5-1.5 A Figure 7b, c are the
shape index, ranging from —1.0 to 1.0 A and curvedness
ranging from 4.10 to 0.48 A respectively. The light red
spots are due to C-H---O and C-H---N interactions. Fig-
ure 8 is the 2D fingerprint plots indicating the quantitative
contributions of intermolecular contacts to the Hirshfeld
surfaces, H---H (34.4 %, Fig. 8a), Cl---H (14.4 %, Fig. 8b),
C---H (12.5 %, Fig. &), O---H (10.7 %, Fig. 8d), F---H
(9.9 %, Fig. 8e) and N---H (6.9 %, Fig. 8f). In addition the
very weak but significant C---C interaction is contributes
3.6 % towards the total Hirshfeld surface. Complementary
regions are visible in the fingerprint plots where one
molecule acts as donor (de > di) and the other as an
acceptor (de < di). The nature of interactions of the title
compound is more easily understood using Hirshfeld sur-
faces, highlighting the power of the technique in mapping
out the interactions.

Molecular Docking Using HEX Software

In the present work, to investigate the role of halogens, the
title compound redesigned with different substituted halo-
gens (Fig. 9a), is docked with human estrogen receptor
(2IOK, Fig. 9b). The energy values obtained by docking
study are tabulated in Table 6 revealing the best ligand
structure fitting is due to iodine compare to other halogens.
Figure 9c displays the docking between the ligand with

Fig. 7 Hirshfeld surfaces mapped with a dnorm, b shape index and ¢ curvedness of the title compound
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Fig. 8 Fingerprint plot of resolved into H-H, CI-H, C-H, F-H, N-H and F-Cl contacts showing the percentages of contacts contributed to the
total Hirshfeld surface area of molecule
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Fig. 9 a Structure of compound with different R group. b The structure of human estrogen receptor. ¢ Docking interaction and binding energy of
human estrogen receptor with compound I derivative
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Table 6 Docking results of the

compounds and receptor (2I0K) Compound E-value
R1 (F) —134.94
R2 (C1) —118.08
R3 (Br) —138.01
R4 (I) —142.21

substituted iodine (I)—human estrogen receptor 210K
[35].

Conclusions

A novel pyrimidine derivative, 2-chloro-4-(4-fluoro-phe-
nyl)-6-isopropyl-pyrimidine-5-carboxylic acid  methyl
ester, CooH,;ClO5 has been synthesized and purity of the
compound has been confirmed by spectroscopic technique.
The molecular structure has been investigated by single
crystal X-ray diffraction technique. The crystal structure
has been stabilized by weak but significant C—H---O, C-
H:--N, C-F---7 and n—= intra and intermolecular hydrogen
bond interactions. Ab-initio and Density functional Theory
(DFT) calculations have been carried out for the title
molecule using RHF/6-311G and B3LYP/6-311G basis set
without polarization function respectively. The comparison
of the predicted bond lengths and bond angles are in good
agreement with experimental results. The Hirshfeld surface
analysis and 2D fingerprint map analysis emphasizes that
the intermolecular weak but significant interactions C-—
H:--O, C-H:-:N, C-F---n and n—n hydrogen bonding con-
tributing to the molecular stability. The Hirshfeld surface
with finger plot reveals the percentage of intermolecular
contacts of the title compound. The docking results show
that the good interaction between human estrogen receptor
with iodine (I) derivative with energy value of (—142.21)
revealing more compatibility with I than the other
analogous.

Acknowledgments We are thankful to CSMCRI, Bhavnagar, India
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