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ABSTRACT: In this study, we reported the synthesis of 1-(4-
bromobenzoyl)-1,3-dicyclohexylurea by the reaction of DCC
(N,N′-dicyclohexylcarbodiimide) with 4-bromobenzoic acid. Sub-
sequently, we further synthesized a new series of 1-(4-arylbenzoyl)-
1,3-dicyclohexylurea (5a−g) derivatives using a Suzuki cross-
coupling reaction between 1-(4-bromobenzoyl)-1,3-dicyclohexy-
lurea (3) and various aryl/heteroaryl boronic acids (4). Thus,
density functional theory (DFT) calculations have been performed
to examine the electronic structure of the synthesized compounds
(3, 5a−g) and to calculate their spectroscopic data. Moreover,
optimized geometries and thermodynamic properties, such as
frontier molecular orbitals (HOMO, LUMO), molecular electro-
static potential surfaces, and reactivity descriptors, were also calculated at the PBE0-D3BJ/def2-TZVP/SMD1,4‑dioxane level of theory
to validate the structures of the synthesized compounds.

1. INTRODUCTION
The biological activity of N-acyl urea, such as anti-
inflammatory, anti-helminthic, analgesic, larvicidal, and anti-
fungal characteristics, have made them essential.1 Furthermore,
N-acyl urea has inhibited the breeding and propagation of
domestic flies as well as suppressed the reproduction of the fall
armyworm.2 Since cabergoline acts as a potent prolactin
inhibitor, it has been clinically evaluated for treating hyper-
prolactinemia disorder.3

Furthermore, N-acyl urea is an essential intermediate in the
production of esters and amides.4 Neves Filho and colleagues
proposed using microwaves and solvent-free conditions to
synthesize N-acyl urea derivatives in 2007. To date, several
methods for preparing N-acyl urea have been developed. The
reaction of DCC with a carboxylic acid in the presence of a
base and with or without the usage of DMAP catalyst results in
the synthesis of N-acyl urea.5 Soeta et al. described for the first
time under aerobic circumstances a catalytic coupling reaction
of N,N′-disubstituted carbodiimides with aldehydes using
diverse N-heterocyclic carbene precursors.6 Abbasi and
colleagues recently described a green magnetic nanocatalyst
reaction of carbodiimides with carboxylic acid to produce N-
acyl urea.7

Compounds containing a biaryl linkage have various
applications in pharmaceutical and material sciences.8 Prep-

aration of novel compounds, when achieved using palladium-
catalyzed Suzuki−Miyaura cross-coupling (SMC) of aryl
halides with arylboronic acids, is both exceptionally versatile
and remarkably expedient since boronic acids are usually
nontoxic, chemically inert to air and moisture, and thermally
stable and are far easier to handle than other frequently used
cross-coupling reagents.9

Over the last few years computational chemistry has become
an exciting branch for analyzing chemical issues on a laptop or
modern computer. It is an associated fast-emerging and
exciting discipline that deals with the illustration and also the
theoretical calculation of systems like drugs, polymers,
biomolecules, organic and inorganic complexes, and molecules.
After its advent, it has fully developed to its current state and
became standard and vastly benefited from the remarkable
enhancements in laptop and computer hardware throughout
the last many decennaries. Computational chemistry may be
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successful in solving complicated biological and chemical
issues.10

This study focuses on the synthesis of 1-(4-bromobenzoyl)-
1,3-dicyclohexylurea (3) and its derivatives (5a−g) by the
SMC reaction. Further, DFT studies are also performed to
determine the structural, spectroscopic, and thermodynamic
properties such as optimized geometry, frontier molecular
orbitals (HOMO−LUMO), molecular electrostatic potential
surfaces, electron affinity, ionization energy, chemical softness
and hardness, electrophilicity, and chemical potential and the
values were compared with each other. The FT-IR and NMR
spectra are also performed and compared with the
experimental values.

2. RESULTS AND DISCUSSION
2.1. Chemistry. In this study, 1-(4-bromobenzoyl)-1,3-

dicyclohexylurea (3) was formed by the reaction of 4-
bromobenzoic acid (1) with DDC (2) in the presence of
dichloromethane solvent at ambient temperature in a good
yield (78%) (Scheme 1).

In the aforementioned reaction, DCC (N,N′-dicyclohex-
ylcarbodiimide) reacts with 4-bromobenzoic acid (1), forming
an O-acylisourea intermediate. Through an intramolecular
rearrangement, the O-acylisourea intermediate is transformed
into N-acyl urea (Scheme 2).11

To extend our study, we performed the Suzuki−Miyaura
cross-coupling reaction of 1-(4-bromobenzoyl)-1,3-dicyclohex-
ylurea (3) with different phenyl boronic acids (4), which
eventually led to the formation of the corresponding 1-(4-
bromobenzoyl)-1,3-dicyclohexylurea (5a−g) derivatives in
moderate to good yields (30−78%) (Scheme 3). These
synthesized derivatives are new to the best of our knowledge.
The bulky ligand tetrakis triphenylphosphine attached to the
Pd-metal facilitated the heterocoupling between the reacting
species rather than undergoing a homocoupling reaction,
making the reaction feasible. The solvent used in this coupling
reaction is a combination of dioxane and water, as polar
solvents can be coordinated with the palladium complex in the
transition phase and tend to give better results.12,13 Since aryl
boronic acids with electron-withdrawing moieties are less
nucleophilic and therefore transmetalation occurs in a slower

manner than that for neutral species as they are more
susceptible to undergo side reactions like homocoupling, in the
same way, the boronic acids, which are sterically hampered,
tend to give lower yields.13,14

2.2. Computational Detail. The computational studies of
the synthesis compounds (3, 5a−g) were also performed by
using the DFT technique to calculate thermodynamic and
chemical properties. All the calculations were also performed
with a hybrid version of Adamo’s Perdew, Burke, and
Ernzerhof functional (PBE0)15 along with the application of
Grimme’s empirical dispersion correction (D3) with Becke−
Johnson damping (D3BJ).16 The solvent used for all the
calculations was 1,4-dioxane induced through the polarizable
continuum model (PCM) with the solvent model density
(SMD) parameter set by Truhlar.17 The calculation was
performed with Gaussian 09,18 and all results were visualized
using GaussView.19 The properties such as optimized
geometry, frontier molecular orbitals, and HOMO−LUMO
energies have been calculated. Global reactivity parameters
such as electron affinity, ionization energy, chemical softness
and hardness, electrophilicity, and chemical potential have also
been calculated.
2.2.1. Optimized Geometries. Geometry optimization is a

major component of most computational chemistry studies
dealing with the molecules’ structure and reactivity. In
particular, it relates to geometry optimization methods applied
to electronic structure calculations. Because electronic
structure calculations can be extensive, geometry optimization
methods must be robust and efficient.20 The three-dimensional
optimized geometries of 3 and 5a−g were calculated at the
PBE0-D3BJ/def2-TZVP/SMD1,4‑dioxane level of theory. In 3-
dimensional models, the white, yellow, gray, red, green, and
light blue colors indicate hydrogen, sulfur, carbon, oxygen
chlorine, and fluorine, respectively. The optimized geometries
of the compounds under study (5a−g) are given in Figure 1.
2.2.2. NMR Spectra. Conformational analysis through NMR

spectroscopy is the key to revealing organic compounds. The
1H NMR spectrum provides information about different types
of protons and the environment of each of them. Quantum
calculations of absolute isotropic magnetic shielding tensors
must consider high-quality geometric shapes to produce more
reliable results. Numerous studies have focused on the
computation of the NMR isotropic magnetic shielding tensor
using the gauge-including atomic orbital (GIAO) method in
conjunction with density functional theory (DFT).21 The
optimized geometries of all of the compounds were used to
calculate the 1H NMR spectra with the PBE0-D3BJ/def2-
TZVP/SMDDMSO level of theory using the Gaussian 09
package with the standard GIAO approach to validate the
structures of the synthesized compounds. The experimental
NMR spectra of compounds 3 and 5a−g have been given in
the Supporting Information (Figures S1−S9). The compar-

Scheme 1. Formation of 1-(4-Bromobenzoyl)-1,3-dicyclohexylurea (3)a

aConditions: (i) 1 (1 g, 4.9 mmol), 2 DCC (1.1 equiv, 5.39 mmol), DMAP (1.5 equiv, 7.35 mmol), and DCM (60 mL), 15 h.

Scheme 2. Intramolecular Rearrangement of O-Acylisourea
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Scheme 3. Synthesis of 1-(4-Bromobenzoyl)-1,3-dicyclohexylurea derivatives (5a−g)a

aConditions: (i) 3 (100 mg, 0.28 mmol, 1 equiv), 4 (1.1 equiv), Pd(PPh3)4 (16 mg, 5 mol %), K3PO4 (140 mg, 0.308 mmol, 1.1 equiv), 1,4-
dioxane (8 mL), water (0.5 mL), 80 °C, 15 h under argon.

Figure 1. Optimized geometries of all of the synthesized compounds (3, 5a−g) calculated at the PBE0-D3BJ/def2-TZVP/SMD1,4‑dioxane level of
theory.
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isons of experimental and computed chemical shift values of
compound 5a are given in Table 1; for the rest of the

compounds, see the Supporting Information (Tables S1−S7).
The experimental and computed values show much resem-
blance. In the 1H NMR spectrum of compound 5a, the
experimental chemical shift value of all of the aromatic H
appears as a doublet in the range 8.00−7.84 ppm, and the
computed chemical shift value appears as a doublet in the
range 8.01−7.51 ppm.
2.2.3. IR Spectra. Infrared spectroscopy is an effective

method to identify functional groups in organic molecules. The
vibration frequency of compounds 5a−g was experimentally
recorded in the range 4000−600 cm−1. The theoretical IR
frequency value of the optimized geometric structure is
determined with the basis set of the PBE0-D3BJ/def2-TZVP
level of theory. The agreement between the experimental
frequency and the theoretical frequency is usually good. The
experimental vibration frequency of the group is
observed in the 1696−1623 cm−1 range, and the theoretically
calculated value lies in the range 1684−1634 cm−1. The groups

like , , N−H, etc., are present in all the compounds

and are mentioned values in a range. The experimental IR
spectra of compounds 3 and 5a−f are given in the Supporting
Information (Figures S10−S16). The selective experimental

Table 1. Comparison of Theoretically Calculated and
Experimental 1H NMR Data of Compound 5aa

Carbon No.
Carbon

Type

1H NMR
(Experimental)

δ, ppm

1H NMR
(Computed)

δ, ppm Multiplicity

C2 CH 8.00 8.01 D
C3 CH 7.93 7.99 D
C5 CH 7.93 7.96 D
C6 CH 8.00 7.82 D
C8 CH 7.84 7.84 D
C9 CH 7.75 7.51 D
C10−CH3 CH3 2.00 2.00 S
C11 CH 7.75 7.51 D
C12 CH 7.84 7.85 D
NH NH 5.52 5.12 S
N−CH CH 4.35 4.01 M
NH−CH CH 3.24 3.12 M
20H

Cyclohexyl
CH2 1.8−0.7 2.60−1.60 M

aS = singlet, D = doublet, M = multiplet.

Table 2. Selective Experimental and Theoretical Calculated Vibrational Frequencies of Compounds 5a−g with a Scale Factor
of 0.89
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and theoretical calculated vibrational frequencies of com-
pounds 5a−g are given in Table 2.
2.2.4. Frontier Molecular Orbital Analysis and Nonlinear

Optics Analysis. The highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital
(LUMO) are the most essential orbitals involved in chemical
reactions. The HOMO characterizes the ability to donate
electrons, and the LUMO characterizes the ability to receive
electrons. We can study the reactivity and other different
properties of molecules with the help of frontier molecular
orbitals (FMOs). The HOMO−LUMO energy difference of
the molecule provides us with information about the general
reactivity of the molecule. Due to the significant energy
difference between the HOMO and the LUMO, the reactivity
of the compound becomes more significant, and vice versa.22

In this series (5a−g), compound 5c showed a maximum
energy gap of 5.31 eV between the HOMO and the LUMO,
which leads to the most stable and least reactive compound in
this series, and compound 5f shows a minimum maximum
energy gap of 4.57 eV between the HOMO and the LUMO
which led to the most reactive and least stable compound in
this series. The frontier molecular orbital maps of all of the
synthesized compounds (3, 5a−g) are given in Figure 2. The
energies of HOMO−LUMO, the HOMO−LUMO gap (ΔE),
and hyperpolarizability values are given in Table 3.

The study of nonlinear optical (NLO) substances has
interest due to their large number of potential applications, as
well as information processing, transmission, and optical data.
The molecule has a high hyperpolarizability value and exhibits
a high NLO response and vice versa.23 In this series,

compound 5f consists of 1,3-dicyclohexylurea and biphenyl
rings, which further attached the −SCH3 group as a
substituent. It shows the highest hyperpolarizability value of
4992.51 Hartree and exhibits a high NLO response as
compared to the other compounds because sulfur has a larger
size and greater volume occupied by its electrons.
2.2.5. Molecular Electrostatic Potential. The molecular

electrostatic potential (MEP) is a 3-dimensional graph
showing the charge distribution and charge-related properties
of molecules. It gives a graphical understanding of the relative
polarity of molecules. MESP can be used to study H-bonding
interactions, nucleophilic reactions, and electrophilic attacks.
In the MESP maps, the red color shows the electron-rich site
related to the electrophilic reactivity. In contrast, blue shows
the electron-deficient site related to the nucleophilic
reactivity.24 MESP is a very valuable tool for providing
information about molecular interactions. We observed that in

Figure 2. Frontier molecular orbitals of all of the synthesized compounds (3, 5a−g) calculated at the PBE0-D3BJ/def2-TZVP/SMD1,4‑dioxane level
of theory.

Table 3. Energies of HOMO−LUMO, the HOMO−LUMO
Gap (ΔE), and Hyperpolarizability Values

Compounds
EHOMO
(eV)

ELUMO
(eV)

ΔE = ELUMO −
EHOMO (eV)

Hyperpolarizability
(Hartree)

3 −6.96 −1.23 5.73 251.80
5a −6.47 −1.29 5.18 176.34
5b −6.12 −1.22 4.90 121.61
5c −6.89 −1.58 5.31 321.80
5d −6.74 −1.49 5.25 378.66
5e −6.63 −1.45 5.18 250.05
5f −5.91 −1.33 4.58 4992.51
5g −6.85 −1.50 5.35 200.20
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the compounds under study the negative charge is mainly
located over the O-atom of urea which is the reactive site for
the attack of electrophiles, whereas the positive region is
mainly located over the H atoms of the biphenyl group, which
is the reactive site for the attack of the nucleophile. The
molecular electrostatic potential maps of all of the synthesized
compounds (3, 5a−g) are given in Figure 3.
2.2.6. Conceptual DFT Reactivity Descriptors. The

molecular reactivity and chemical behavior prediction have
been carried out through local and global descriptive
parameters. The chemical hardness provides the ability to
resist changes in the distribution of electrons and is therefore
related to the stability and reactivity of molecules, while the
chemical flexibility is inversely proportional to hardness. The
tendency of molecules to attract electrons is called electro-
negativity, and its negativeness is called electron chemical
potential.25 Once the chemical system accepts an external
charge, the electrophilic index can also be used to measure the
energy stability. The ionization potential (I), electron affinity
(A), global hardness (η), chemical potential (μ), and
electrophilicity index (ω) can be determined from eqs 1, 2,
3, 4, and 5, respectively.26 The values of reactivity descriptors
(I, A, η, μ, and ω) are given in Table 4.

=I EHOMO (1)

=A ELUMO (2)

= I A( )/2 (3)

= +I A( )/2 (4)

= /22 (5)

3. MATERIALS AND METHODS
3.1. General Information. In the spectroscopic analysis, a

600 MHz Bruker NMR spectrometer and IR were used to
validate the synthesized molecules by using deuterated
solvents. All of the air- and moisture-sensitive reactions were
conducted under an inert atmosphere, particularly in the
presence of argon. Moreover, Sigma-Aldrich and Alfa-Aesar
provided all of the chemicals that were utilized in this
experiment.

Figure 3. Molecular electrostatic potential maps of all of the synthesized compounds (3, 5a−g) were calculated at the PBE0-D3BJ/def2-TZVP/
SMD1,4‑dioxane level of theory.

Table 4. Values of Reactivity Parameters of All of the
Synthesized Compounds (3, 5a−g)

Compounds I (eV) A (eV) η (eV) μ (eV) ω (eV)

3 6.96 1.23 2.86 −4.09 2.92
5a 6.47 1.29 2.58 −3.88 2.91
5b 6.12 1.22 2.45 −3.67 2.75
5c 6.89 1.58 2.65 −4.23 3.38
5d 6.74 1.49 2.62 −4.11 3.23
5e 6.63 1.45 2.58 −4.04 3.15
5f 5.91 1.33 2.28 −3.62 2.86
5g 6.85 1.50 2.67 −4.179 3.26

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c03183
ACS Omega 2023, 8, 30306−30314

30311

https://pubs.acs.org/doi/10.1021/acsomega.3c03183?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03183?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03183?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03183?fig=fig3&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c03183?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


3.2. Procedure for the Synthesis of 1-(4-(4-
Methylphenyl)benzoyl)-1,3-dicyclohexylurea (3). To a
solution of 4-bromobenzoic acid (1 equiv, 4.9 mmol) in DCM
and DCC (1.1 equiv, 5.39 mmol) was added DMAP (1.5
equiv, 7.35 mmol). The reaction mixture was allowed to stir
under an argon atmosphere for 15 h at room temperature. The
reaction progress was monitored by using TLC, methanol, and
chloroform (1:9) as solvent systems. After completion of the
reaction, a pale yellowish colored product was extracted using
DCM. After column chromatography, a good yield of product
was retrieved. Elemental analysis, IR, and NMR spectroscopy
were used to characterize the desired compound.27

3.3. General Procedure for Synthesis of 5a−g. 1-(4-
Bromobenzoyl)-1,3-dicyclohexylurea (100 mg, 0.28 mmol, 1.0
equiv), Pd(PPh3)4 catalyst (16 mg, 5 mol %), and 1,4-dioxane
(8 mL) were added in a thoroughly rinsed Schlenk tube. The
reaction mixture was degassed using argon. After half an hour
of refluxing, boronic acid (1.1 equiv) and K3PO4 (1.1 equiv,
0.308 mmol) were added to the above-mentioned mixture.
Then, the reaction was allowed to heat for 10 min.
Subsequently, 0.5 mL of distilled water was added and refluxed
for 15 h at 80 °C. TLC monitored the reaction progress by
using n-hexane and ethyl acetate (9:1) as a solvent medium.
After reaction completion, the product was filtered and purified
via column chromatography. The elemental analysis, IR, and
NMR techniques were used to investigate the structure of the
newly synthesized compounds.28

3.4. Character izat ion Data. 3.4 .1 . 1- (4- (4-
Methylphenyl)benzoyl)-1,3-dicyclohexylurea (3). Pale yellow
crystals; M.P. 159−160 °C. 1H NMR (400 MHz, CDCl3) δ:
7.56 (d, J = 8 Hz, 2H), 7.44 (d, J = 8 Hz, 2H), 6.10 (s, 1H),
4.05 (m, 1H) 3.51 (m, 1H), 2.0−0.9 (m, 20H). 13C NMR
(100 MHz, CDCl3) δ: 167.3, 156, 136.4, 131.7, 130.1, 125.3,
51.9, 49.5, 33.4, 31.5, 25.9, 24.74, 24.71, 24.69. El. Anal. for
C20H27BrN2O2: Found: C, 58.6; H, 6.5; N, 6.7%. Calculated:
C, 58.97; H, 6.68; N, 6.88%.
3.4.2. 1-(4-(4-Methylphenyl)benzoyl)-1,3-dicyclohexylurea

(5a). Yellow crystals; M.P. 130−131 °C. 1H NMR (600 MHz,
DMSO) δ: 8.00 (d, J = 6 Hz, 2H), 7.93 (d, J = 6 Hz, 2H), 7.84
(d, J = 6 Hz, 2H), 7.75 (d, J = 6 Hz, 2H), 5.52 (s, 1H), 4.35
(m, 1H) 3.24 (m, 1H), 2.0 (s, 3H) 1.8−0.7 (m, 20H). 13C
NMR (100 MHz, CDCl3) δ 167.5, 156.2, 138.9, 138.3, 135.9,
132.1, 130.8, 129.68, 127.28, 126, 52.1, 50.2, 33.5, 32.2, 27.3,
24.94, 24.89, 24.68, 21.34.
3.4.3. 1-(4-(4-Methoxyphenyl)benzoyl)-1,3-dicyclohexy-

lurea (5b). Yellow crystals; M.P. 143−144 °C. 1H NMR
(600 MHz, DMSO) δ: 8.22 (d, J = 9 Hz, 2H), 7.9 (d, J = 9 Hz,
2H), 7.52 (d, J = 9 Hz, 2H), 7.02 (d, J = 9 Hz, 2H), 5.3 (s,
1H), 4.4 (m, 1H), 3.55 (s, 3H), 3.23 (m, 1H), 1.8−0.59 (m,
20H). 13C NMR (100 MHz, CDCl3) δ: 167.8, 156.9, 139.4,
138.7, 136.3, 133, 131.1, 130.5, 128.3, 126.9, 56.4, 52.8, 50.7,
33.9, 32.8, 27.8, 24.96, 24.9, 24.7.
3.4.4. 1-(4-(3,5-Difluorophenyl)benzoyl)-1,3-dicyclohexy-

lurea (5c). Brown crystals; M.P. 149−150 °C. 1H NMR
(600 MHz, DMSO) δ: 8.3 (d, J = 9 Hz, 2H), 7.94 (d, J = 9 Hz,
2H), 7.53 (d, J = 9.6 Hz, 2H), 7.3 (m, 1H), 5.4 (s, 1H), 3.9
(m, 1H) 3.4 (m, 1H), 1.8−0.6 (m, 20H). 13C NMR (100
MHz, CDCl3) δ: 167.3, 164.4, 156, 142.5, 138.4, 131.7, 130.1,
127.8, 109.18, 102.3, 51.9, 49.5, 33.4, 31.5, 25.9, 24.98, 24.9,
24.8.
3.4.5. 1-(4-(3-Chloro-4-fluorophenyl) benzoyl)-1,3-dicy-

clohexylurea (5d). Yellow crystals; M.P. 163−164 °C. 1H
NMR (600 MHz, DMSO) δ: 7.95 (d, J = 6 Hz, 2H), 7.8 (d, J

= 6 Hz, 2H), 7.7 (dd, J1 = 6 Hz, J2 = 1.5 Hz, 1H), 7.55 (ddd, J1
= 8.4 Hz, J2 = 4.8 Hz, J3 = 2.6 Hz, 1H), 7.2 (t, 1H), 6.51 (s,
1H), 5.52 (m, 1H), 3.55 (m, 1H), 1.9−0.57 (m, 20H). 13C
NMR (100 MHz, CDCl3) δ: 167.42, 156.2, 155.8, 138.4,
136.4, 131.7, 131.4, 130.1, 127.5, 125.3, 124.4, 115.6, 51.9,
49.5, 33.4, 31.5, 25.9, 24.74, 24.71, 24.68.
3.4.6. 1-(4-(4-Chlorophenyl)benzoyl)-1,3-dicyclohexylurea

(5e). Yellow crystals; M.P. 157−158 °C. 1H NMR (600 MHz,
DMSO) δ: 7.88 (d, J = 9 Hz, 2H), 7.72 (d, J = 9 Hz, 2H), 7.5
(d, J = 9 Hz, 2H), 7.41 (d, J = 9 Hz, 2H), 4.3 (s, 1H), 3.2 (m,
1H), 2.6 (m, 1H), 1.8−0.55 (m, 20H). 13C NMR (100 MHz,
CDCl3) δ: 167.4, 156.2, 138.9, 138.5, 135.3, 132.4, 130.7,
129.7, 127.3, 126, 52.1, 50.4, 33.7, 32.3, 27.5, 24.9, 24.87, 24.7.
3.4.7. 1-(4-(4-Methylthiophenyl)benzoyl)-1,3-dicyclohexy-

lurea (5f). Yellow crystals; M.P. 139−140 °C. 1H NMR (600
MHz, DMSO) δ: 7.75 (d, J = 9 Hz, 2H), 7.6 (d, J = 9 Hz, 2H),
7.2 (d, J = 9 Hz, 2H), 7.15 (d, J = 6 Hz, 2H), 5.5 (s, 1H), 4.35
(m, 1H, m) 3.34 (m, 1H), 2.5 (s, 3H) 1.9−0.55 (m, 20H). 13C
NMR (100 MHz, CDCl3) δ: 167.8, 156.9, 139.4, 138.7, 136.3,
133, 131.1, 130.5, 128.3, 126.9, 52.8, 50.7, 33.9, 32.8, 27.8,
24.96, 24.9, 24.7, 17.8.
3.4.8. 1,3-Dicyclohexyl-1-(4-(pyridin-3-yl)benzoyl)urea

(5g). Green crystals; M.P. 119−120 °C. 1H NMR (600
MHz, DMSO) δ: 8.87 (d, J = 6 Hz, 1H), 8.6 (dd, J1 = 9 Hz, J2
= 1.8 Hz, 1H), 8.05 (d, J = 6 Hz, 1H), 7.95 (dd, J1 = 6.6 Hz, J2
= 1.5 Hz, 1H), 7.75 (d, J = 6 Hz, 2H), 7.6 (t, 1H), 5.54 (s,
1H), 4.5 (m, 1H) 3.5 (m, 1H), 1.9−0.55 (m, 20H). 13C NMR
(100 MHz, CDCl3) δ: 167.5, 156.3, 148.9, 147.8, 137.5, 136.2,
132.9, 130.5, 126, 124.4, 52, 49.8, 33.6, 31.5, 25.9, 24.82,
24.79, 24.7.

4. CONCLUSION
We synthesized 1-(4-bromobenzoyl)-1,3-dicyclohexylurea (3)
by reaction with DCC and 4-bromobenzoic acid, followed by
the synthesis of the arylated acyl urea derivatives (5a−g) by
SMC. Experimental spectroscopic techniques (NMR, IR) and
DFT studies have confirmed the compounds’ structure.
Further, computational studies have been performed to
calculate the thermodynamic and chemical properties,
including HOMO and LUMO energy differences. Energies
are compared to the entire compound, and the most and least
reactive compounds in the series (5a−g) are found. The
molecular electrostatic potential maps find the active site for
the attack of nucleophiles and electrophiles. Compound 5f
shows good NLO properties in the whole series due to the
presence of the sulfide group and the substituted cyclohexyl
rings, responsible for the poor NLO response for the rest of the
molecules. Integrating experimental and computational
approaches provides a comprehensive understanding of the
compounds’ synthesis, structure, reactivity, and properties,
enhancing their potential utility across diverse domains.
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