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Abstract 
 

A new organic compound, 1-(3,5-difluorophenyl)-3-(2-nitrophenyl)urea was synthesized from 2-
nitroaniline, 3,5-difluoroaniline and triphosgene in sequential two steps with 92% yield. The product was 
crystallized by the slow evaporation using THF and ethyl acetate solvent system to obtain its single 
crystal. The pure crystals were characterized with melting point, FT-IR, 1H NMR, 13C NMR and MS. The 
structure of the compound was brought to light by X-ray single-crystal structure determination. Density 
functional theory calculations were applied by using (DFT/B3LYP) method with the 6-311G(d,p) basis set 
level. The potential energy surface (PES) scanning was performed to determine the stability of the 
molecule. Frontier molecular orbitals of the compound were calculated. AIM charge and MEP analyzes 
were performed.  
 
Keywords: Crystal structure, DFT calculations, diphenylurea, triphosgene, XRD  
 

 
1. Introduction 
 
In recent years, there has been an increasing interest in 
1,3-diphenylureas which are also known as N,Nı-
diphenylureas due to their wide range of chemical and 
biological applications [1,2]. It is known that these 
compounds show good pharmacological activities 
including anticancer [3-5], antimalarial [6,7], anti-
Alzheimer [8], antiviral [9], carbonic anhydrase I and II 
inhibitors [2], anti-tuberculosis [10] and antidepressant 
[11,12]. Regorafenib named 4-(4-(((4-chloro-3-
(trifluoromethyl)phenyl)carbamoyl}amino)-3-fluoro 
phenoxy)-N-methylpyridine-2-carboxamide which is a 
diphenylurea derivative drug shows the pharmaceutical 
properties as multikinase inhibitor of VEGFR-2, -3, c-
Kit, p38 MAP kinase etc. and uses at the treatment of 
colorectal, hepatocellular and gastrointestinal stromal 
cancers [3]. In addition, sorafenib is another effective 
kinase inhibitor drug containing diphenylurea moiety  
 

 
uses for the treatment of kidney, liver and thyroid 
cancers [5]. Also, 1,3-diphenylureas were reported 
acting like auxins and cytokinins which are important 
plant growth regulators in agrochemical applications 
[13]. 
 
The synthesis of unsymmetrical diphenylurea 
derivatives is an important issue due to their superior 
biological applications and chemical treatments 
including usage as intermediate, linker in complex 
synthesis and also protection of amino groups. Synthesis 
of target structures can be carried out with aniline 
derivatives and phosgene [14,15], triphosgene (BTC, 
bis(trichloromethyl) carbonate) [16], 1,1'-
carbonyldiimidazole (CDI) [7], S,S-dimethyl 
dithiocarbonate [17], 1,1-carbonylbis benzotriazole [18] 
or carbon monoxide/dioxide with catalysts [19,20] as 
CO sources. In addition, alternative synthesis method is 
Curtius rearrangement which begins with a different 
starti 
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starting material, substituted benzoyl chlorides. The first 
step of this method is the reaction of benzoyl chloride 
derivative and sodium azide to obtain benzoyl azide 
derivative. In the second step, in situ generation of 
isocyanate occurs through the removal of nitrogen gas 
and the reaction of aniline derivative with intermediate 
isocyanate results in the target diphenylurea product 
[21]. 
 
The density functional theory (DFT) is an approach that 
determines the quantum chemical model of structures 
and is presently one of the most successful methods. 
DFT predicts many molecular properties such as 
molecular structures, vibrational frequencies, molecular 
energies, and electric properties. The fact that the 
simulation results are very close to experimental studies 
is one of the reasons why DFT is a preferred method. 
 
In this study, we synthesized a new N,Nı-diphenylurea 
derivative (compound 4) successfully using a two-step 
synthesis approach with high yield. The well-shaped 
crystals of product were obtained by using slow 
evaporation technique and characterized with melting 
point and various spectral analyses such as FT-IR, 1H 
NMR, 13C NMR, MS and X-ray single diffraction. 
Theoretical calculations were performed using the 
DFT(B3LYP) method and 6-311G(d,p) basis set to 
determine and characterize the molecular and electronic 
structure properties of the compound. NMR and IR 
values of the optimized structure were compared to the 
experimental values. The potential energy surface (PES) 
scanning was performed to determine the stability of 
molecule. Frontier molecular orbitals of the compound 
were calculated. Also, AIM charge and MEP analyzes 
were performed. 
 
2. Materials and Methods 
 
All chemicals and solvents used in the experimental 
studies were provided from commercial suppliers and 
used without further purification. Reaction tracking was 
conducted by using thin-layer chromatography with 
Merck precoated Kieselgel 60GF254 plates. Melting 
point was recorded with X-4 melting-point apparatus. 
Infrared spectra were measured with a Perkin Elmer 
Spectrum 100 FTIR spectrophotometer in the range 
4000-600 cm-1 with attenuated total reflectance (ATR) 
sampling accessory. NMR spectra were registered with 
a Jeol High-Performance Digital FT-NMR spectrometer 
(400 and 100 MHz for 1H and 13C, respectively) using 
DMSO-d6 as solvent. The molecular weight of product 
was determined with Shimadzu LC-MS/MS 8040 
Liquid Chromatograph Mass Spectrometer with an ESI 
source. The single crystal X-ray diffraction (XRD) data 
was collected at ambient temperature on an Agilent 
Supernova X-Ray Diffractometer using Molybdenum 
X-ray source and CCD detector. Literature search of 
compound was done using Reaxys database. 

2.1. Synthesis of 1-(3,5-difluorophenyl)-3-(2-
nitrophenyl)urea (compound 4) 
 
2-Nitroaniline (1, 1.0 mmol; 0.138 g) was dissolved in 2 
mL DCM. Bis(trichloromethyl)carbonate (triphosgene, 
1.0 mmol; 0.296 g) in 1 mL DCM and triethylamine 
(0.3 mL) were added slowly in an ice bath. The mixture 
was stirred at 0-5 °C for 30 min and then room 
temperature for 2 hours. Solvent was evaporated in 
vacuo to dryness and the residue (2) was dissolved in a 
mixture of THF:DCM (1:1, 6 mL). 3,5-Difluoroaniline 
(3, 1.0 mmol; 0.129 g) was added to the reaction 
medium and was stirred at reflux condition for 4 hours. 
Upon completion as shown by TLC, solvent mixture 
was evaporated in vacuo to dryness. Crude product was 
dissolved in acetone (8 mL) and distilled water (8 mL) 
was added on it. Obtained orange solid was filtered, 
washed with water (20 mL) and dried at room 
temperature. (0.27 g, 92% yield) mp 200-202 °C; IR 
(ATR) ϑ 3404, 3332, 3127, 3098, 1728, 1630, 1605, 
1502, 1477, 1415, 1335, 1269, 1168, 1140, 1113, 1087, 
1047, 1002, 975, 872, 850, 837, 746, 706, 666 cm-1; 1H 
NMR (400 MHz, DMSO‑d 6) δ 10.15 (s, 1H), 9.60 (s, 
1H), 8.18 (dd, J= 8.45 and 1.15 Hz, 1H), 8.06 (dd, J= 
8.33 and 1.45 Hz, 1H), 7.69 (td, J= 7.86 and 1.53 Hz, 
1H), 7.22 (td, J= 7.80 and 1.26 Hz, 1H), 7.14 (dd, J= 
9.87 and 2.25 Hz, 2H), 6.82 (tt, J= 9.39 and 2.31 Hz, 
1H); 13C NMR (100 MHz, DMSO‑d 6) δ 164.41 and 
164.26 (d, JC-F=15.65 Hz), 161.99 and 161.84 (d, JC-

F=15.42 Hz), 152.26, 142.64-142.36 (t, JC-F=13.96 Hz), 
138.82, 135.50, 134.63, 125.95, 123.44, 101.97 and 
101.68 (d, JC-F=29.28 Hz), 98.27-97.75 (t, JC-F=26.28 
Hz); MS (ESI): m/z (%) 294 (M+, 100), 279 (44), 163 
(36).  
 
2.2. Growth of Crystal  
 
A saturated solution of product was prepared from the 
pure solid using THF as solvent and filtered. Vapor 
diffusion technique which use volatile-less volatile 
binary solvent system for better crystallization was 
applied to get single crystals. For this purpose, ethyl 
acetate was used as outer solvent and the solution was 
kept at room temperature. The orange needle crystals 
suitable for single-crystal diffraction experiments were 
obtained after ten days. 
 
2.3. X-Ray Diffraction Analysis 
 
Suitable crystal of compound 4 was selected for data 
collection which was performed on a SuperNova 
diffractometer equipped with a graphite-monochromatic 
Mo-Kα radiation at 296 K. The H atoms of C atoms 
were located from different maps and then treated as 
riding atoms with C-H distance of 0.93 Å. Other H 
atoms were located in a difference map and refined 
freely. We used these procedures for our analysis: 
solved by direct methods; SHELXS-2013 [22]; refined 
by full-matrix least-squares methods; SHELXL-2013 
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[23]; data collection: Bruker APEX2 [24]; molecular 
graphics: MERCURY [25]; solution: WinGX [26]. 
Details of data collection and crystal structure 
determinations were given in Table 3. 
 
2.4. Theoretical Calculations 
 
The molecular modeling studies of the compound were 
performed with the DFT/B3LYP method [27,28] and 6-
311G(d,p) basis set [29] by using Gaussian 09 software 
package [30]. Aim charge analysis was done using 
AIMAII [31] suite of programs to examine 
intermolecular and intramolecular interactions. 
Molecular orbitals of the molecule were calculated and 
visualized using the Multiwfn program [32]. 
 
3. Results and Discussion 
3.1. Synthesis of Title Compound 

 
One-pot, sequential two-step synthesis was performed 
to the formation of target unsymmetrical urea derivative 
4 (Figure 1). The first step was the synthesis of 
isocyanate intermediate (2) from 2-nitroaniline (1) and 
triphosgene by using triethylamine as base at room 
temperature. Mechanistically, triphosgene reagent 
causes to the by-product formation of 2 moles phosgene 
and HCl. While the reactive intermediate phosgene 
continues to the similar reaction with 2-nitroaniline to 
form isocyanate 2, hydrochloric acid gives 
triethylammonium chloride with triethylamine base. 
Also, triethylamine helps to the removing of acidic 
hydrogens of -NH2 group on 2-nitroaniline, increasing 
the nucleophilic power and accelerating the formation 
of the isocyanate 2. The second step, a typical urea 
synthesis was carried out between intermediate 2 which 
was used directly without further purification and 3,5-
difluoroaniline at reflux conditions in DCM/THF 
solvent mixture. As a result, 1-(3,5-difluorophenyl)-3-
(2-nitrophenyl)urea (4) was obtained with high purity 
and high yield, 92% (Figure 1). Product was identified 
by melting point, FT-IR, 1H NMR, 13C NMR and LC-
MS analyses (See experimental part and supplementary 
information). It is determined that compound is air-
stable and soluble in common organic solvents such as 
acetone, ethyl alcohol, ethyl acetate, THF, DCM etc. but 
insoluble in water.  
 

 
 
 
 

3.2. Spectroscopic Analysis 
 

All spectra and data of the compound 4 were given in 
the Experimental part and Supplementary information. 
The calculated and experimental FT-IR spectrum and 
some of the compared characteristic frequencies were 
given in Figure 2 and Table 1. The compound has 84 
normal modes of vibration (Table 1 and S1). The free 
vibration frequencies of the N–H group, which does not 
contain an intramolecular or intermolecular hydrogen 
bonding are in the range of 3700 and 3550 cm-1, while 
the free vibration frequencies of the N–H group 
containing hydrogen bonding are observed in the range 
of 3200–2400 cm-1 [33]. In this study, the free vibration 
frequencies of the N-H mode of asymmetric ureas have 
been observed as 3404 and 3332 cm-1 experimentally, 
and this frequency is reported as 3179 cm-1 in the 
literature [34]. The calculated values were observed at 
3476 and 3318 cm-1 with a contribution of 100 and 98% 
of PED (Potential Energy Distribution). In the presence 
of the N-H group which contains intermolecular or 
intramolecular hydrogen bonds within the molecule, the 
stretching vibration frequency values of this group 
decreased while the bending vibration frequency values 
increase [35]. The experimental/calculated values of the 
in-plane angle bending vibration frequency of N-H 
mode were obtained as 1630/1587-1485 cm-1, while this 
value in literature is 1494 cm-1 [36]. The 
experimental/calculated values of the out-of-plane angle 
bending vibration frequency of N-H mode were 
obtained as 666/673 cm-1. 
 
Other major feature of compound was strong carbonyl 
(C=O) band at 1728 cm-1 and also this band appeared at 
1714 cm-1 as pure strain vibration with 74% 
PED additive in the theoretical spectrum. The 
experimental band at 1502 and 1335 cm-1 corresponds 
to the asymmetrical and symmetrical stretching 
vibrations of the NO2 group while N-O vibration 
frequencies (with PED additive) are calculated as 1595 
(10%) cm-1, 1541 (30%) cm-1, 1435 (24%) cm-1, 1313 
(31%) cm-1 and 1252 (22%) cm-1. Characteristic C-H 
vibration frequency values of aromatic compounds are 
observed in the range of 3100-3000 cm-1 [37], while C-
C aromatic stretching vibrations are observed in the 
range of 1600-1400 cm-1 [38].  
 

 
 
 
 

Figure 1. Two-step synthesis scheme of 1-(3,5-difluorophenyl)-3-(2-nitrophenyl) urea. 
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In our study, symmetrical C-H and C-C vibration 
frequencies were experimentally observed in the range 
of 3127, 3098 and 1605 cm-1, respectively, and agree 
with the literature values 3110-3003 and 1666-1535 cm-1 
[39].  
 
Theoretically, C-H vibration frequency values (with 
PED contribution) were observed in 3134 (99%) cm-1, 
3126 (99%) cm-1, 3106 (95%) cm-1, 3102 (100%) cm-1, 
3076 (96%) cm-1, 3066 (100%) cm-1 and 3056 (93%) 
cm-1 as pure C-H vibration while C-C mode was 
calculated as 1601 cm-1 with 45% of PED contribution. 
In-plane C-H angle bending vibration frequencies in the 
aromatic ring are experimentally observed between 
1400–1000 cm-1 [40]. In our study, this vibration 
frequency was observed experimentally as 1477, 1415 
cm-1 and calculated with the PED contributions 
theoretically as 1211 (26%) cm-1, 1195 (55%) cm-1, 
1138 (66%) cm-1 and 1128 (30%) cm-1. The stretching 
of the C-F bond was confirmed at 1113 cm-1 while this 
band appeared at 1092, 985, 953 cm-1 in the theoretical 
spectrum. Also, 1,2- and 1,3- C-H vibrations of 
di/trisubstitutedbenzene were determined as strong 
peaks at the fingerprint region (837 and 746 cm-1) of 
experimental spectra. Other calculated vibration modes 
were given in Table S1. 
 

 
 
Figure 2. Theoretical and experimental IR spectra of the title 
compound.  
 
To investigate NMR chemical shifts of the molecules, 
GIAO (Gauge-Independent Atomic Orbital) method 
[41,42] was used.  1H and 13C chemical shift values 
were calculated using the DFT/B3LYP method with 6-

311G(d,p) basis set. The geometry of compound, 
together with that of tetramethylsilane (TMS, Si(CH3)4) 
were fully optimized choosing dimethyl sulfoxide 
(DMSO) solvent. The 1H and 13C NMR chemical shifts 
were converted to the TMS scale by subtracting the 
calculated absolute chemical shielding of TMS with 
values of 32.10 ppm (1H) and 189.40 ppm (13C). All 1H 
and 13C NMR peaks of compound 4 were monitored at 
the expected regions (Figure 3 and supplementary 
information) and confirmed the target structure (Table 
2). When compound was examined spectroscopically in 
detail, signals were detected in the range of 10.15-6.82 
ppm in 1H NMR spectrum. Two characteristic broad 
singlet signals with 1H integration (10.15 and 9.60 ppm) 
confirm the presence of -NH groups of urea. The 
calculated shift values for these protons were found as 
11.31 and 6.31 ppm. Four split peaks (H2-H5) with 1H 
integration on nitroaromatic ring (Ring A) were 
observed at 8.18, 8.06, 7.69 and 7.22 ppm and 
calculated as 9.37-7.16 ppm for theoretical spectrum. 
Also, three protons of fluoro atoms containing aromatic 
ring (Ring B) were shifted in the high-field of spectrum 
when compared Ring B. While doublet of doublets peak 
at 7.14 ppm corresponded to the protons H9 and H13 
with 2H integration, the signal of H11 was appeared as 
triplets of triplet at 6.82 ppm due to splitting with two 
fluorine atoms in orto position and two hydrogen atom 
in meta position. In addition, these Ring B protons were 
calculated in the range of 8.31-6.38 ppm according to 
the DFT/6-311G(d,p) method. 
 
In the 13C NMR spectrum, the signal of carbonyl carbon 
of urea (C7) was located at 152.26 ppm and calculated 
as 153.11 ppm (Figure 3 and Table 2). Other aromatic 
carbons were observed in the region of 164.34-98.01 
ppm as expected. The highest chemical shifts 164.34 
and 161.92 ppm were belong to the fluorine-bound 
carbons C10 and C12 as doublet peaks because of the 
high deshielding effect of the electronegative fluorine 
atom. These carbons were found as 171.52, 170.83 ppm 
by theoretical calculations. However, the lowest value 
(98.01 ppm) which was splitted as a triplet peak by two 
neighbor fluorine atoms correspond to the C11 carbon 
and is calculated as 100.02 ppm. Also, triplet peak at 
142.50 ppm was belong to carbon C8 and doublet peaks 
of 101.97 and 101.68 ppm were belong to the carbons 
C9 and C13. The chemical shifts of carbons C8, C9 and 
C13 were calculated as 146.96, 102.63 and 102.59 ppm, 
respectively. Carbons C1-C6 in the Ring A were 
observed at 134.63, 125.95, 123.44, 135.50 and 138.82 
ppm as singlet peaks. It is noted that the strong peak at 
123.44 ppm correspond to overlapped two carbons 
named C3 and C5 (Figure 3). Also, Ring A carbons 
(C1-C6) were calculated in the range of 144.43-121.98 
ppm.  
 

In addition to FT-IR and NMR analyses, molecular 
weight of title compound (4) was confirmed as 293.23 
g/mol (C13H9F2N3O3) with LC-MS analysis in negative 
and positive modes (see supplementary information).  
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Table 1. Comparison of the observed and calculated vibrational spectra of title compound. 

Experimental Theoretical 
Assignment Frequency  

(cm−1) 
Frequency  
(cm−1) 

Assignment PED  
(%) 

Intensity 
(kcal/mol) 

urea N-H 3404 3476 ν NH 100 29 
3332 3318 ν NH 98 216 

aromatic C-H 
streching 

3127, 3098 3134 ν CH  99 22 
3126 ν CH  99 19 
3106 ν CH  95 4 
3102 ν CH  100 2 
3076 ν CH  96 11 
3066 ν CH  100 2 
3056 ν CH  93 7 

urea C=O 1728 1714 ν OC 74 355 

aromatic C=C 1605 1601 ν CC 45 298 
aromatic C-H 
bending 

1477, 1415 1211 ν NC 10+δ HCC 13+δ HCC 13 732 
1195 δ HCC 25+δ HCC 15+δ HCC 26 370 
1138 ν CC 12+δ HCC 15+δ HCC 40 1482 
1128 ν NC 14+ν NC 15+δ HCC 17+δ HCC 13 332 

asymmetric NO2 1502 1595 ν ON 10+ν CC 21+ν CC 10   272 
1541 ν ON 17+ν CC 14+ν ON 13+ν CC 11 151 
1435 ν ON 24+δ HNC 10+δ HCC 10 201 

symmetric NO2 1335 1313 ν ON 10+ν ON 21+ν NC 14 63 
1252 ν ON 22+ν CC 17+ ν NC 10 23 

C-F 1113 1092 ν FC 25+ν FC 21+δ HCC 40 847 
985 ν CC 13+ν CC 11+ ν FC 16+δ HCC 12 75 
953 ν FC 12 11 

ν: stretching, δ:in plane bending 

 
Table 2. Theoretical and experimental 1H and 13C chemical shifts for 1-(3,5-difluorophenyl)-3-(2-nitrophenyl)urea. 

1H NMR 13C NMR 
Assign.a Experimentalb 

(ppm) 
Calculatedc 
(ppm)  

Assign.a Experimentalb 

(ppm) 
Calculatedc 
(ppm)  

H2 8.18 9.37-7.16  
(Ring A) 

C1 134.63  140.17 
H3 7.69 C2 125.95  130.57 
H4 7.22 C3, C5 123.44d 124.22, 121.98 
H5 8.06 C4 135.50 142.75 
H9, H13 7.14 8.31-6.38  

(Ring B) 
C6 138.82  144.43 

H11 6.82 C7 152.26 153.11 
H(N2) 10.15  11.31 C8 142.50 146.96 
H(N3) 9.60 6.31 C9, C13 101.97, 101.68 102.63, 102.59 
 C10, C12 164.34e, 161.92e 171.52, 170.83 

C11 98.01 100.02 
a The assignments of atoms are according to the ORTEP numbering       b NMR solvent: DMSO-d6         c DFT/6-311G(d,p)           d Overlapped           e Average 
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Figure 3. 1H NMR (a) and 13C NMR (b) spectra of compound 4. 
 
3.3. X-ray Crystal Structure of Compound 4 

 
The molecular structure of compound 4 with the atom 
labeling was shown in Figure 4. The parameters for data 
collection and structure refinement of the compound 
were listed in Table 3. The nitro group is equivalent and 
typical of N=O double bonds [N1-O1=1.2184(19) Å 
and N1-O2=1.2277(19) Å]. The dihedral angle between 
phenyl rings is 35.62(5) °. The selected bond lengths 
and bond angles were given in Table 4. The molecules 
of 4 are connected by N-H···O hydrogen bonds (Table 
5). Atom N3 atom acts as hydrogen-bond donor, via 
atom H3A, to nitro atom O2i [(i) 1-x, -y, 1-z], forming a 
centrosymmetric R2

2(16) ring centered at (1/2, 0, 1/2). 
Compound 4 also contains two π···π interactions. The 
intermolecular π···π interactions occur between the two 
symmetry-related phenyl rings of neighboring 
molecules. The distances between the ring’s centroids 
are 3.814 Å and 3.817 Å. The combination of π···π 
interactions produces one-dimensional supramolecular 
network which is running parallel to the [010] direction 
(Figure 5).    

 
 
Figure 4. The molecular structure of 4 showing the 
atom numbering scheme. 
 

3.4. Conformational Analysis 
 

To determine stability of the molecule, 2D potential 
energy surface scanning (PES) was performed. Single 
point energies were calculated by changing θ1(C6-N2-
C14-S1) dihedral angle for -180˚/+180˚ angle range and 
10˚ steps. As a result of PES (Figure 6) analysis, 4 
conformations (Conf 1-4) corresponding to global and 
local minimum points were obtained. The molecular 
structures of these 4 conformations were optimized 
using DFT/B3LYP/6-311g (d, p) methods.  
 
Table 3. Crystal data and structure refinement parameters for 
compound 4. 

Empirical formula C13H9F2N3O3 
Formula weight 293.23 
Crystal system Monoclinic 
Space group I2/a 
a (Å) 25.8745 (16) 
b (Å) 3.8143 (3) 
c (Å) 24.7392 (19) 
β (º) 94.051 (6)° 
V (Å3) 2435.5 (3) 
Z 8 
Dc (g cm-3) 1.599 
μ (mm-1) 0.14 
θ range (º) 4.4-28.1 
Measured refls. 4365 
Independent refls. 2391 
Rint 0.015 
S 1.03 
R1/wR2 0.043/0.110 
∆ρmax/∆ρmin (eÅ-3) 0.23/-0.23 
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Table 4. Selected bond distances and angles for 
compound 4 (Å, º). 
 

N1-O1  1.2184 (19) N1-O2  1.2277 (19) 

C7-O3  1.2029 (19)   
N3-C7-N2-C6  176.09 (18) N2-C7-N3-C8  -176.24 (18) 

 
Table 5. Hydrogen bonds parameters for compound 4 
(Å, °). 
 
D-H···A D-H H···A D···A D-H···A 
N2—H2A···O2  0.88 (2) 1.95 (2) 2.6383 (18) 133 
C5—H5···O3  0.93 2.18 2.811 (2) 124 
N3—H3A···O2i  0.83 (2) 2.55 (2) 3.2824 (19) 148 
 
As seen in Table 6, conf 1 and conf 4 are the most stable 
structures. Hence, theoretical calculations were 
continued with the conf 1 structure (Figure 7). 
 

 
Figure 5. Crystal structure of 4, showing the formation 
of a chain along [010] generated by π···π interactions. 
 
 
 
 
 
 
 
Table 6. Conformation structures of the title molecule. 

Figure 6. Molecular energy profile versus the selected 
torsional degree of freedom. 
 

 
Figure 7. The X-ray (a) and optimized (b) structure 
(conf1) of the title compound. 
 

    

E= -1090.629173 
Conf1 

E= -1090.621512 
Conf2 

E= -1090.621512 
Conf3 

E= -1090.629173 
Conf4 

 
3.5. Frontier Molecular Orbitals 

 
The Density-of-States (DOS) is an important concept 
in solid state physics and describes the number of 
states that are to be occupied by the system at each 
level of energy. The s, p, d atomic orbitals forming 
the molecule and Total Density-of-States (TDOS)  

hjhjhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhjh
were shown in Figure 8a. It was observed that atomic 
orbitals consist mainly of s and p orbitals. Besides, 
atomic orbital contributions of fragments are also 
shown in Figure 8b. It is also seen that the most 
contribution to the formation of molecular orbitals 
was provided by fragment 1 and fragment 2. 
 

https://en.wikipedia.org/wiki/Solid_state_physics
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frag. 1: A ring; frag. 2: B ring; frag. 3: Cl1 and Cl 2 atoms; frag. 4: N1, N2 

and N3 atoms; frag. 5: O1, O2 and O3 atoms 
 
Figure 8. Plot TDOS, PDOS and OPDOS a) s, p and 
d orbitals b) specific fragments. 
 
The frontier molecular orbitals (HOMO and LUMO) 
are the most important molecular orbitals. HOMO is 
molecular orbital of the highest energy that is 
occupied by electrons, while LUMO is the molecular 
orbital of the lowest energy that is not occupied by 
electrons. HOMO and LUMO orbitals of a molecule 
are also known as electron donor and acceptor groups 
[43-46]. They can be used to determine 
intermolecular charge transfers. Besides, molecular 
properties such as ionization potential, electron 
affinity, chemical reactivity, kinetic stability, 
polarization, conjugation can be calculated by 
considering these orbitals [47-50].  
 
Figure 9 contains the orbital distributions of HOMO, 
HOMO-1, LUMO and LUMO+1 of the molecule. 
The highest 5 atomic contributions to these orbitals 
were calculated as LUMO + 1: C3 (16%) + C5 (14%) 
+ C2 (12%) + C6 (12%) + C7 (12%), LUMO: N1 
(26%) + O1 (21%) + O2 (19%) + C4 (10%) + C2 
(9%), HOMO: N2 (10%) + N3 (18%) + C3 (7%) + 
C11 (18%) + C5 (5%), HOMO- 1: C13 (25%) + C10 
(15%) + C9 (10%) + C12 (6%) + C3 (5%). As can be 
seen, these 5 atoms are expected to be the most active 
in a reaction or interaction in the HOMO, HOMO-1, 
LUMO and LUMO + 1 orbitals of the title 
compound. 

 
Figure 9. Molecular orbital surfaces and energy 
levels. 
 
3.6. AIM Charge and MEP Analyzes 

 
Bader's QTAIM theory has been used for details 
about the nature and strength of intra- and inter-
molecular hydrogen bonds [51]. The strength and 
interaction type of the intra- and inter-molecular 
bonds in the compound were obtained by using the 
electron density(𝜌𝜌𝐵𝐵𝐵𝐵𝐵𝐵), the Laplacian of electron 
density (∇2(𝜌𝜌𝐵𝐵𝐵𝐵𝐵𝐵)), the potential energy density 
(V(r)), the kinetic energy density (G (r)) and 
electronic energy density (H (r)) in the BCPs 
(different bond critical points). ∇2(𝜌𝜌𝐵𝐵𝐵𝐵𝐵𝐵) is negative 
in covalent bonds, while it is positive in the bonds 
formed by ionic, Van der Waals and hydrogen 
interactions. Rozas et al. [52] evaluated that 
∇2(𝜌𝜌𝐵𝐵𝐵𝐵𝐵𝐵) < 0 and HBCP < 0 for the strong hydrogen 
bonds that have covalent character, ∇2(𝜌𝜌𝐵𝐵𝐵𝐵𝐵𝐵) > 0 and 
HBCP  < 0 for the medium-strong hydrogen 
interactions that have partial covalent character, and  

 
Figure 10. Molecular graph of dimer: bond critical 
points (small green spheres), ring critical points 
(small red sphere). 
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∇2(𝜌𝜌𝐵𝐵𝐵𝐵𝐵𝐵) > 0 and HBCP > 0 for the weak hydrogen 
bonds that have electrostatic character. The molecular 
graph of the compound's dimer structure is shown in 
Figure 10. 
 
Table 7 shows the intra-molecular and inter-
molecular interactions observed in the molecule. 
Interaction energies (Eint) were calculated to 
determine the significances of these interactions. The 

relationship between Eint and potential energy density 
was given as Eint= 1/2 (VBCP) by Espinoza [53]. In 
Table 7, it was found that the interaction energy of 
the N2-H2A···O2 hydrogen bond is greater than 
other interactions (Eint= -9.37 kcal/mol). The positive 
𝝆𝝆𝑩𝑩𝑩𝑩𝑩𝑩 and HBCP values of the three interactions also 
showed that these interactions are weak hydrogen 
bonds that have electrostatic character.

 
Table 7. Topological parameters for bonds of interacting atoms. 
 
Interaction 𝝆𝝆𝑩𝑩𝑩𝑩𝑩𝑩  

(a.u.) 

𝛁𝛁𝟐𝟐𝝆𝝆𝑩𝑩𝑩𝑩𝑩𝑩 

(a.u.) 

GBCP 

 (a.u.) 

VBCP 

 (a.u.) 

HBCP 

 (a.u.) 

Eint  

(kcal/mol) 

N2-H2A…O2 +0.034478 +0.133038 +0.031571 -0.029883 +0.001688 -9.37 

 N2-H2A…O2i +0.007258 +0.028038 +0.005847 -0.004685 +0.001162 -1.47 

 N3-H3A…O2ii +0.016754 +0.056357 +0.012333 -0.010576 +0.001757 -3.32 

 H(r) = G(r) + V(r)       
 
When the molecular electrostatic potential (MEP) 
map (Figure 11) of the optimized molecule is 
examined, the regions coded with red (the most 
negative region) and blue (the most positive region) 
are clearly visible. As can be seen in Figure 11, 
negative regions in the molecule were found around 
the O1, O2, O3, F1 and F2 atoms. The most negative 
region was found around the O1 (MEP value is -
0.036 a.b.). MEP values for O2, O3, F1 and F2 atoms 
are -0.031, -0.030, -0.021 and -0.018 a.b., 
respectively. According to this result, these five 
atoms are the most suitable regions for electrophilic 
attack reaction. The positive regions in MEP map 
were localized on the hydrogen atoms. The most 
positive region for the nucleophilic attack is around 
the H3A atom and the MEP value is defined as 
+0.067 a.b. 
 

 
Figure 11. MEP surface obtained from the electron 
density of the title compound. 
 
In particular, O1 and O2 atoms to LUMO orbitals, 
N2 and N3 atoms also contribute to HOMO orbitals 
in Figure 9 and these atoms are in the most negative 
and positive region in the MEP map. These two 

situations show the congruence of molecular orbitals 
and MEP calculations. 
 
4. Conclusion 
 
In summary, the target compound, 1-(3,5-
difluorophenyl)-3-(2-nitrophenyl) urea was 
successfully synthesized in 92% yield using 2-
nitroaniline, 3,5-difluoroaniline and triphosgene as 
readily available starting materials with two-step 
synthesis method. The orange crystals of product 
were grown by the slow evaporation technique using 
THF and ethyl acetate solvent system as inner and 
outer solvent, respectively. The obtained crystals 
were identified by various characterization 
techniques such as melting point, FT-IR, 1H NMR, 
13C NMR, MS and X-ray single diffraction analysis. 
Besides, calculated IR and NMR results were given 
by comparing to experimental results. Slight 
differences were observed because the experimental 
results were obtained at the solid phase and in silico 
calculations pertain to the gaseous phase. To 
determine the stability of the molecule, 2D potential 
energy surface scanning (PES) was performed. As a 
result of PES analysis, the most stable conformations 
were obtained and compared with X-ray structure of 
compound. Frontier molecular orbitals and MEP 
analyzes of the optimized structure were calculated. 
Molecular electrostatic potential confirm the 
compound electrophile and nucleophile attack of the 
reactive centers. According to the MEP map, the 
most negative and positive regions of the molecule 
were determined. We hope the results of this study 
will help the researchers to analyze and synthesize 
new materials. 
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