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Abstract: A cyclic urea analog, N-N'-dimethylethylene urea, was studied using different spectral
methods like FT-IR, FT-Raman, and UV-VIS methods followed by computational simulations. The
experimental and simulated spectra are compared, and a detailed assignment of vibrations and potential
energy distribution is made. It was followed by various quantum mechanical studies like frontier orbital
analysis, energy descriptors, average local ionization energies, and nonlinear optical properties. The
NBO gave an insight into the various intramolecular stabilizing electron delocalization by
hyperconjugation. Noncovalent interaction analysis provided various types of interactions present in
the molecule. We also studied ALIE, local information entropy, electron localized function, reduced
density gradient studies, localized orbital locator studies, and other analyses. Molecular docking results
indicated that this urea derivative acted as an ATP-hydrolysing inhibitor, and the drug delivery ability
of cyclodextrin on NND was tested by forming an inclusion complex with both compounds with
dispersion and without dispersion interaction.
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1. Introduction

Heterocyclic compounds of nitrogen are of significant importance in biology and
chemistry due to their prolific uses in the pharmaceutical industry. Among them, cyclic urea-
type analogs are found to show a variety of applications in different fields, especially in the
medicinal and agricultural disciplines [1]. Disubstituted urea has ample therapeutic activities,
for instance, potent inhibitors of different parasites like worms, plasmodium, HIV, diuretic
activity, pain-relieving properties, activity against bacteria, algae, and fungi [2-5]. N, N'-
disubstituted urea derivatives can effectively control and inhibit soluble epoxide hydrolase,
both in vivo and in vitro. They are also used to treat Raynaud disease, respiratory distress, high
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blood pressure, complications arising from diabetics, rheumatoid arthritis, and kidney
complications [6].

This manuscript presents the detailed experimental and computational study of
structure, spectra, and applications of a simple heterocyclic urea derivative N-N'-
dimethylethylene urea (NND). Shababan discussed the structure and the IR spectrum of this
compound, but it lacks the detailed study of the electronic properties, molecular properties,
reactivity descriptors, biological studies, drug delivery properties, and other basic studies [7].
Hence we decided to pursue this molecule in detail for its structure, electronic properties,
physicochemical properties, noncovalent interactions, and potential biological activities using
experimental and computational methods [8—15]. We have used various spectral methods like
IR, UV, and Raman to investigate the compound's structural features. The biological activity
was also predicted using the PASS study and found that it is active as an inhibitor of ATP
hydrolysis. Being a drug, drug delivery is also important. We tried whether this compound can
be used along with cyclodextrin by forming a molecular inclusion compound and simulated
the complex with and without dispersion [16-21].

2. Materials and Methods

The compound was purchased from Sigma Aldrich and used as such for all the
experimental studies. The compound's FT-IR and FT Raman spectra were recorded using a
Nicolet FT-IR spectrometer and a Nicolet Magna Raman spectrometer equipped with Nd: YAG
laser source and InGaAs detector, respectively. UV-Vis spectrum was recorded using Specord
Spectrometer at room temperature with DMSO as the solvent.

The first step in the computational section is optimizing the molecule using Gaussian
09 software [22]. We optimized the molecule using the DFT formalism with B3LYP functional
[23-27]and 6-311++G (d,p) basis set [28-32]. The same level is used for generating IR and
Raman spectra of the compounds. Frequency calculations ensured that there are no imaginary
frequencies in the simulated spectrum such that it corresponds to a global minimum. The scaled
IR and Raman frequencies are compared with experimental values and found in close
agreement. Detailed potential energy distribution and vibration assignments were performed
for the compound. The NBO computations were carried out with NBO 3.1 program [33]. Gauss
Sum [34] software was employed to study the calculated spectra. Reaction sites of NND were
calculated using Multiwavefunction [35] software for calculating total electrostatic potential,
average localized ionization energy, and noncovalent interactions. NND biological activity
received from PASS online [36] the site, suitable PDB ID downloaded from RCSB [37] site,
the energy received from SwissDock [37]and the score values received from PatchDock
[38,39] and docked results collected from bio-discovery studio [40] software.

3. Results and Discussion

3.1. IR and RAMAN spectra.

The molecule was optimized to a minimum conformation using DFT with B3LYP
functional and 6-311+G(d,p) basis set and is given in Figure 1. The presence of no imaginary
frequencies ensured that we got a minimum energy geometry. The generated scaled IR and
Raman spectra using the same theoretical level were compared with the experimental obtained
FT-IR and FT-Raman spectrum and found in close agreement. From the local symmetry
coordinates with appropriate scale factors (supplementary material Table S1), the vibrational
https://biointerfaceresearch.com/ 3997
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assignments are made according to the PED matrix (Table 1). The comparative FT-IR and FT-

Raman spectra are shown in Figure 2 and Figure 3.

Figure 1. Optimized geometry structure of N-N'-dimethylethyleneurea.

Table 1. Detailed assignments of fundamental vibrations of N-N'-dimethylethylene urea by normal mode
analysis based on SQM force field calculations using B3LYP/6-311++G(d,p).

FT-IR Activity
Mode Experimental Theoretical .
no. frzquencies frequencies IR RAMAN Assignments (PED)*"
(cm™) (cm™)
7 3272v 3134 1.970 102.70 v CH30p (98)
8 3133 34.109 6.922 v CH3op (98)
9 3072 61.341 98.607 v CH2as (48)
10 3059 vs 3059 10.439 72.427 v CH2as (46)
11 3044 60.865 36.565 v CH3ip (98)
12 2965 7.507 129.916 v CH3ip (98)
13 2935 vs 2935 75.638 206.876 v CH2ss (91)
14 2857 s 2860 57.379 24.619 v CH2ss (94)
15 2460 0.065 287.464 v CH3ss (99)
16 2459 vs 2459 138.460 0.211 v CH3ss (99)
17 1770 19.063 15.609 B CH3ib (79), p CH3ob (20)
18 1687 vs 1687 0.123 17.364 B CH3ib (69), B CH30b (15)
19 1500 s 1528 266.570 6.696 VCN (43), vCO (20)
20 1513 300.510 1.846 vCN (57)
21 1456 35.716 5.945 B CH2sc (62), pCH2tw (26)
22 1436's 1435 14.549 10.245 B CH2sc ( 80)
23 1425 0.138 13.686 B CH2tw (57), p CH2sc (31)
24 1408 10.103 5.130 vCN  (37), B CH3sb (33)
25 1400 0.416 10.492 B CH3sb (53), p CH2tw (21)
26 1397 s 1395 38.396 4.135 B CH3sb (38), B CH2tw (34), vCN (19)
27 1389 57.629 3.002 B CH3sb (44), vCN (24), BRsym (16)
28 1343 37.803 4.308 vCN  (30), pCH2tw (28), p CH3or (18)
29 1312 58.702 6.080 B CH3or (24), vCN (24), vCO (20)
30 1274 s 1266 101.93 1.520 B CH2wa (66), vCN (21)
31 1242 w 1254 1.756 26.311 B CH2wa (39), p CH3or (26)
32 1203 s 1194 56.618 0.842 vCN  (43), B CH3or (33), p CH3o0b (15)
33 1152 0.464 7.155 B CH3ir (47)
34 1132 3.384 6.802 B CH3ir (46), p CH3o0b (24), p CH3ib (18)
35 1076 vw 1001 4312 12.199 B CH30b (38), vCN (19), p CH3ib ( 18)
36 1060 0.912 1.629 B CH2ro (56), p CH30b (17)
37 1024 w 1037 6.309 8.185 B CH30b (48), p CH3ib (21), vCN (15)
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FT-IR Activity
Mode Experimental Theoretical .
no. frzquencies frequencies IR RAMAN Assignments (PED)*®
(cm™) (cm™)
38 994 13.891 4.036 B CH30b (53), p CH3ib (22)
39 985 vs 972 2.306 3.232 p CH3o0b (57), p CH3ib (24)
40 961 vs 952 13.873 6.192 B CH3ob (44), B CH3ib (19), vCC (17)
41 858s 855 6.658 0.934 B CH2ro (64)
42 759 vs 759 20.811 0.971 ® CO (67),tRsym (21)
43 730 19.431 20.405 vCN  (63), vCO (29)
44 648 w 652 8.003 3.016 B Rasy (41)
45 581s 577 18.084 2.030 BRsym (51), vCN (28)
46 521 5.546 0.889 BNCO (34), vCN (25), BNC (19)
47 322 13,513 1.404 BNC (63),BNCO (19)
48 272 0.405 0.013 BNC (70)
49 262 2.151 0.902 o CN (43), tRasy (36)
50 220 8.769 0.495 tRsym (48), ®CN (36)
51 187 0.008 0.369 ®CN (51), tRasy (28)
52 165 1.676 0.563 tNCH3 (63), TRsym (22)
53 159 0.005 0.842 TNCH3 (67),tRasy (15)
54 113 8.543 0.130 ©oCN (78)

cm* (IR) and theoretically from 1770-952 cm™ region.

858 cm™ and 1435, 1395 ,1266, 855 cm* using DFT.

aOnly PED contributions >15% are listed by DFT method. (RMS FREQUENCY ERROR: 0.832E+01)

b Abbreviations: v, stretching; B, in-plane bending; ®, out of plane bending; t, torsion, ss, symmetrical
stretching, as, asymmetrical stretching, sc, scissoring, wa, wagging, twi, twisting, ro, rocking, ipb, in-plane
bending, opb, out-of-plane bending; tri, trigonal deformation, sym, symmetrical deformation, asy, asymmetric
deformation, butter, butterfly, ar, aromatic, sub, substitution, vs, very strong; s, strong; ms, medium strong; w,

weak; vw, very weak.

For the compound, v CH3 op vibrations are assigned at 3272 cm™ (IR) and at 3134 cm-
! theoretically v CH3 symmetric stretching vibrations are allocated at 2459 cm™ (IR) and
theoretically at 2459 cm™. B CH3 vibrations are observed at 1687,1436,1397,1076,985,961

v CH2 symmetric stretching vibrations are allocated at 2459 cm™ (IR) and theoretically
at 2459 cm™. v CH2as vibrations are allocated at 3059 cm™ (IR and Raman) and theoretically
at 3059 cm™. B CH2sc, CH2wa, CH2tw , CH2ro, vibrations are observed at 1436, 1397, 1274,
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Figure 2. FT-IR experimental and simulated spectrum of N-N'-dimethylethyleneurea.
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Figure 3. FT-Raman experimental and simulated spectrum of N-N'-dimethylethyleneurea.

The assignment of CN vibrations is a difficult task since the mixing of vibrations occurs
in this region. v CN vibrations are observed at 1500 cm™ (IR) and by DFT calculations at 1528
cm™ and B NC vibrations are observed theoretically at 322 cm™. » CO vibrations are measured
at 759 cm™(IR) and through DFT at 759 cm™. Ring Symmetric and antisymmetric vibrations
are observed at 581, 648 cm™ (IR) and theoretically at 577, 642 cm™. The observed and
calculated wavenumbers show good coincidence.

3.2. UV-visible spectrum.

The Experimental UV-visible spectrum of the title compound is shown in figure 4. The
maximum absorption peak is observed at 256.50 nm. The peak suggests that the absorption is
due to electron transition from n-zt*, which is the only transition for the C=0 bond. Moreover,
the observed shift is due to the presence of auxochrome together with the interaction of solvent
DMSO. The UV-Vis excitation wavelength and absorbance of the compound are shown in
Table 2.
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Figure 4. Experimental UV-Vis spectrum of N-N'-dimethylethylene urea.
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Table 2. Experimental UV data of N-N'-dimethylethylene urea.

Wavelength | Absorbance
336 0.004
3145 0.001
290.5 0.015
278 0.009
256.5 0.317
2435 0.014
2415 0.018
236.5 0.008
2315 0.013
226.5 0.005
2195 0.011
2175 0
2155 0.007

3.3. Frontier molecular orbitals of NND.

The HOMO-LUMO graph is shown in Figure 6, and HOMO is delocalized over the
molecule, whereas LUMO is localized over the methylene group of the phenyl ring. The
calculated HOMO and LUMO energies, ionization potential (I=-Exomo), electron affinity (A=-
ELumo), and HOMO-LUMO energy gap were computed as 6.4651, 0.4059, and -6.0591 eV,
which shows the reactivity of the compound with less energy gap. Moreover, the quantum
mechanical parameters such as chemical hardness n= (1-A)/2=6.2621, chemical potential p=-

(1+A)/2=3.4355 and Electrofilicity index w = 5 = 0.9424 and other essential parameters were

calculated and tabulated in Table 3.

E Luyo=-0-40599
First Excited State

AE = -6.05916

E yomo = -6.46515
Ground State

J 9

Figure 5. Ground-state (HOMO: 31) and First exited state (LUMO: 32) representation.

Table 3. The calculated quantum chemical parameters of N-N'-dimethylethylene urea.

Property NND
Total energy (eV) -10378.7347
Enomo (eV) -6.4651
ELumo (eV) -0.4059
Energy gap (AE) (eV) -6.0591
lonization potential (1) eV 6.4651

https://biointerfaceresearch.com/ 4001
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Property NND
Electron Affinity (A) eV 0.4059
Electro-negativity (y)eV 6.6681

Chemical Potential (p) 3.4355
Chemical hardness(n)eV 6.2621
Electrofilicity index (m)eV 0.9424
Global Softness (0)eV 0.1596
Dipole moment(D) 4.1069

3.4. NBO analysis and NLO properties.

The interaction between the lone pair orbitals and bonded orbitals causes the
stabilization of the molecule. These interactions can be well studied using the concept of natural
bond orbitals. NBO calculations have been implemented in the Gaussian suite, and the data

obtained helps to understand the delocalization of electrons and hyperconjugation [41,42].

Table 4. Second order perturbation theory analysis of fock matrix in NBO basis for
N-N'-dimethylethylene urea.

. . E@a E(i)-E()° f(i,j)°
Donor(i) Type Ed/e Acceptor(j) Type Ed/e (kJ mol) (a.u) (@)
C1-C2 z 1.9779 N4-C6 o* 0.0152 4.04 0.98 0.056
P N5-C7 o* 0.0152 4.04 0.98 0.056

C1-N4 z 1.9827 C2-N5 o* 0.0204 1.19 1.07 0.032
z C3-08 * 0.0119 4.24 1.36 0.068

C1-H15 P 1.9858 C2-H17 o* 0.0296 1.96 0.90 0.038
C1-H16 3 1.9858 C3-N4 o* 0.0844 1.98 0.97 0.040
C2-N5 z 1.9827 C1-N4 o* 0.0204 1.19 1.07 0.032
z C3-08 ¥ 0.0119 4.24 1.36 0.068

C2-H17 ) 1.9858 C1-H15 o* 0.0296 1.96 0.90 0.038
C2-H18 z 1.9858 C3-N5 o* 0.0844 1.98 0.97 0.040
C3-N4 z 1.9831 C3-08 * 0.0119 1.30 142 0.038
z N5-C7 o* 0.0152 3.12 1.14 0.053

C3-N5 z 1.9830 C3-08 * 0.0119 1.30 142 0.038
C3-08 z 1.9948 N4-C6 o* 0.0152 3.12 1.14 0.053
) C3-08 o* 0.3779 2.20 0.38 0.029

C3-08 I 1.9931 C1-N4 o* 0.0204 1.07 1.40 0.035
II C3-N5 o* 0.0844 1.46 1.49 0.042

N4-C6 ) 1.9881 C3-N5 o* 0.0844 1.44 1.18 0.037
N5-C7 z 1.9881 C3-N4 o* 0.0844 1.44 1.18 0.0.37
C6-H9 z 1.9906 C3-N4 o* 0.0844 2.75 0.96 0.047
C6-H10 ) 1.9915 C3-N4 o* 0.0844 0.54 0.95 0.021
C6-H11 ) 1.9879 C1-N4 o* 0.0204 4.40 0.86 0.055
C7-H12 z 1.9906 C3-N5 o* 0.0844 2.75 0.96 0.047
C7-H13 ) 1.9915 C3-N5 o* 0.0844 0.54 0.95 0.021
C7-H14 3 1.9879 C2-N5 o* 0.0204 4.40 0.86 0.055
N4 LP 1.7444 C1-H15 o* 0.0296 7.54 0.64 0.066
LP C3-08 o* 0.3779 50.63 0.29 0.111

N5 LP 1.7444 C2-H17 o* 0.0296 7.54 0.64 0.066
LP C3-08 o* 0.3779 50.64 0.29 0.111

08 LP 1.9781 C3-N5 o* 0.0844 1.85 111 0.041
08 LP 1.8408 C3-N5 o* 0.0844 25.08 0.68 0.118

a E(2) means energy of hyper conjugative interaction (stabilization energy).

b Energy difference between donor and acceptor i and j NBO orbitals.
¢ F(i,j) is the Fock matrix element between i and j NBO orbitals.

The orbital occupancy data and delocalization energy provide valuable information
about the electron environment and stabilization. From the NBO analysis, stabilization energy
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is maximum for n1 (N6) — n*(C3-08), n1 (N5) — n*(C3-08), and n; (O8) — n*(C3-N5) with
stabilization energies 50.63, 50.64 and 23.08 kcal/mol respectively. The NBO result is
tabulated in Table 4.

Scientists engaged in the molecular electronics field are continuously searching for
molecules with substantial nonlinear optical activity. Such compounds find immense
applications in electronic display, surveillance equipment, and routine electronic gadgets.
Computationally, a molecule's ability to act as an NLO material can be generated from the
polarisability and hyperpolarizability data [22-28]. The electric dipole moment, first-order, and
second-order polarizabilities are 2.6109 debyes, 23.65561x10%*esu, and 1.51451x10°% esu,
respectively. The corresponding list of NLO properties is shown in Table 5.

Table 5. The electric dipole moment (D), average polarizability, first hyperpolarizability, etc., for N-N'-
dimethylethylene urea.

pand a components | B3LYP/6-311++G** | B components B3LYP/6-311++G**
x -0.0003 Broxx -0.0101
Hy 1.6157 By -64.4969
H 0.000009 By -0.0019
u(D) 2.6107 Byyy 148.3545
Olxx 92.0035 Brxz -0.0113
Olxy 0.00004 Bxyz -4.3684
Oy 82.7754 Byyz -0.0081
Oxz 1.7840 Brzz -0.0027
Qyz -0.00008 Byzz 91.4439
Oz 61.5327 Bzzz 0.0037
Ao 23.6556x102%esu
ap(esu) 11.6736x102* |  ptotal (esu) | 1.5145x10-%

3.5. Noncovalent interactions (NCI), reduced density gradient (RDG), and Laplacian of
electron density (LED) for N-N’-dimethylethylene urea.

A noncovalent interaction differs from a covalent bond by not involving electrons'
sharing but involving more dispersed variations of electromagnetic interactions between
molecules or within a molecule [11,43-46]. The three-dimensional arrangement of large
molecules, such as protein and nucleic acids, is important to noncovalent interactions.
Additionally, they are also involved in many biological processes where large molecules bind
to each other specifically but transiently. These interactions also have a strong impact on drug
design, crystallinity and material design, self-assembly, and the design of synthesis of tailor-
made organic molecules. The noncovalent interactions for N-N’-dimethylethylene urea are
shown in Figure 6. A graph plotted energy (from -0.014 to 0.042 a.u.) against a reduced density
gradient (from 0.850 to 1.200). The strong hydrogen bonds having negative energy between
the range -0.015 and -0.013 a.u. between nitrogen in imidazole- and hydrogens in N-acetyl-
groups, van der Waals force attraction is a weak hydrogen bonds energy between -0.005 and
0.005 a.u. from carbonyl- oxygen to N-acetyl- hydrogens, and steric force is a weak repulsive
force of energy between the range 0.005 and 0.042 a.u. for imidazole- ring, and between
carbonyl- oxygen, and N-acetyl- groups.

The reduced density gradient is directly proportional to the molecule's electronic
density, which means a small reduced density gradient is low electronic density [43,46-49].
Figure 6 shows the reduced density gradient for N-N’-dimethylethylene urea, from the blue to
red as the numerical values between 0.000 and 1.000, and the molecule within + 7.45 Bohr®
range. The red shows the high electronic reduced density between 0.9000 and 1.000 on the
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elements between carbonyl-oxygen, and N-acetyl- groups, and all the heavy atoms are
nitrogens and carbons in the imidazole- group. The small reduced density gradients shown in
color blue are low reduced densities from 0.000 to 0.200 mingle with low reduced density
gradients in imidazole-ring shown in Figure 6.
The Laplacian of electron density is the absolute difference from the mean [50,51].
Figure 6 shows the Laplacian of electron density for N-N’-dimethylethylene urea., from blue
to red as the numerical values between -8.000 and 15.000, and the molecule within + 6.56
Bohr® range. The blue between the ranges -5.700 and -3.400 show the negative Laplacian
electron density on carbonyl-oxygen, -0.900 and 0.600 on hydrogens in N-acetyl- groups, and
electrophiles can easily attack these sites. The red in the color range between 12.700 and 15.000
shows positive Laplacian electron density on nitrogens and carbons in the molecule, so
nucleophiles can easily attack these sites.
-
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+97 +0.800

1.800
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+0.700

1.400
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0.500

ed density gradient
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Figure 6. Noncovalent interactions, reduced density gradient, and Laplacian of electron density of N-N'-
dimethylethylene urea.

3.6. Molecular electrostatic potentials (MESP) for N-N-dimethylethylene urea from
electronic and molecular charges.

The electrostatic potential V/(r) generated around a molecule by its nuclei and electrons
treated as static charge distribution is a very useful property for studying and predicting
molecular-reactive actions. This is narrowly defined and can be calculated both experimentally
and computationally. The capacity has been especially useful for indicating the molecule's
positions or regions to which the advancing electrophile is initially drawn. It has also been
effectively extended to analyze associations requiring a certain optimal relative orientation of
the reactants, such as between the product and its cellular receptor [52-55]. N-
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N'dimethylethylenurea molecule's MESP was generated using the data obtained in the previous
calculation and is represented in Figure 7.

The blue appears on the oxygen, and nitrogen atoms ring (electrophilic region) in the
imidazole- group, which are electron-rich sites, so electrophiles can easily attack these sites.
The red color appears on all the protons in the nitrogen atoms and carbon atoms in the imidazole
(nucleophilic region) group. These are electrons poor sites, so nucleophiles can easily attack
these sites.

The nuclear charge between 12.500 and 15.000 are indicated by blue color, which
means repulsion between protons and nuclei in the absence of neutrons as in hydrogen. These
sites mostly undergo substitution reactions. The nuclear charge between 45 and 50 is indicated
using red, which is negative electrostatic potential with strong attractions between protons and
nuclei by core and lone-pair of electrons in heavy atoms like oxygen, nitrogen, and carbon in
the molecule, and these sites mostly undergo addition reactions.
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Figure 7. Molecular electrostatic potentials from electronic and nuclear charges of N-N'-dimethylethyleneurea

3.7. Electron localized function (ELF), and localized orbital locator (LOL) for N-N -
dimethylethylene urea.

Electron localized function study explains further the electronic structure for N-N’-
dimethylethylene urea. The higher value of the electron localization function is strongly
localized, and the low value is a strong delocalization of electrons in this molecule [56-58].
The electron localized function (ELF) for N-N’-dimethylethylene urea is shown in Figure 8,
from blue to red as the numerical values between 0.000 and 0.100, and the molecule within £
8.93 Bohr® range. The color red between the range 0.850 and 1.000 shows the highest
probability of localized electrons occurs on all the hydrogen atoms, and core electrons in heavy
atoms are oxygen, nitrogens, and carbons in the molecule. The color blue between the range
0.000 and 0.200 shows the highest probability of delocalized electrons occurs in imidazole-
ring, and valance and lone-pairs of electrons in heavy atoms are hydrogen, nitrogens, and
carbons in the molecule.

The localized orbital locator (LOL) study explains the localized and delocalized
molecular orbitals locations for N-N'-dimethylethylene urea [56-58]. The localized orbital
locator (LOL) for N-N’-dimethylethylene urea is shown in Figure 8, from blue to red as the
numerical values between 0.000 and 0.800, and the molecule within + 8.92 Bohr? range. The
blue color denotes weak pi-delocalized orbital, and the red color denotes strong pi-delocalized
orbitals in N-N’-dimethylethylene urea; in this molecule, these orbitals appear adjacently, so
delocalization of electrons occurs on oxygen, nitrogens, and carbons in the molecule.
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Figure 8. Electron localized function and local orbital locator of N-N'-dimethylethylene urea.

3.8. Average localized ionization energy (ALIE) and local information entropy (LIE) study for
N-N’-dimethylethylene urea.

The local I(r) average energy of ionization is the energy needed to remove an electron
from point r into the system. The lowest values show the least tightly-held electrons' positions
and, therefore, the chosen reaction sites with electrophiles or radicals. Beyond its importance
to reactive behavior, 1(r) plays a significant role in other fundamental fields, including atomic
shell composition, electronegativity, local polarizability, and hardness [59-62]. The pictorial
representation of ALIE of N-N’-dimethylethylene urea is given in Figure 9, from blue to red
as the numerical values between 0.000 and 2.000, and the molecule within + 7.34 Bohr? range.
The color bluish-green range between 0.700 and 0.900 indicates moving electrons or
delocalization of electrons in N-N’-dimethylethylene urea molecule at the sites are carbonyl
oxygen, and acetyl- groups imidazole- group, which produce resonance structures and make
the molecule stable. The blue indicates the sigma bond as well as the stable bond between
carbons and hydrogens, carbon and nitrogen, and carbon and carbon, and lone-pair of electrons
of carbonyl- oxygen, which the sites are from protons to carbons in the whole molecule, and
lone pair of electrons having oxygens and nitrogen in purin- and methoxyphenyl- groups.
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Figure 9. Average localized ionization energy and local information entropy of N-N'-dimethylethylene urea.

The local information entropy (LIE) study explains the stability of the molecule.
Entropy is a feature of probability distributions and can take to be a qualification of uncertainty.
The high value of local information entropy is directionally proportional to electrons'
uncertainty in spatial distribution [37-40]. Figure 9 shows local information entropy for N-N’-
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dimethylethylene urea, from the blue to red as the numerical values between 0.000 and 1.000,
and the molecule within + 7.45 Bohr? range. The color blue between the range 0.000 and 0.020
has low entropy values, which is explain the very low uncertainty of the elements are all the
hydrogen in the molecule. The color red between the range 0.085 to 0.100 has high entropy
values, which is explain high uncertainty of the heavy elements are oxygen, nitrogens, and
carbons in the molecule.

3.9. Inclusion complex with cyclodextrins.

Biological activity prediction and molecular docking studies indicate that our
compound can be developed as methylhydantoinase inhibitor for clinical applications. Drug
delivery is a critical issue to be addressed when it is developed as a drug. Here, we attempt to
make an active complex of the drug NND with y-cyclodextrin (CD). The drug is placed inside
the CD and optimized to a minimum. As the complex formation involves bulky molecules,
there is a possibility of dispersion interactions; hence we have incorporated the dispersion
corrections to the B3LYP functional using Grimme's dispersion correction using 6-31G (d)
basis set [63—67]. The data presented in Table 6 indicates that dispersion is a significant factor
to be considered while modeling molecular inclusion systems. The dispersion energy for the
complex is 9.09 kcal/mol, which is an appreciable amount of energy that confirms that
appreciable dispersion interaction exists in the complex, as expected. The optimized geometry
of the complex is provided in Figure 10. The distance between the carbonyl oxygen of NND
and the nearest hydrogen atom of the CD in the complex is 2.5863A. Furthermore, to
investigate the driving forces of NND in y-CD , we have calculated the complexation energy,
HOMO, and LUMO energies, chemical reactivity defined as per the following equation.

AE complexation:EOptcompleX— [E (’Y'CD)Optfree"'E (NND)]Optfree (1)

From the data, the complexation energy is found to be -56.4949791 kcal/mol, which is
appreciable energy.

’
2.5863 A
/

Figure 10. NND- CD complex optimized at B3LYP/6-31G(d) with Griumme's dispersion correction.
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Table 6. Molecular recognition energy between NND and CD with and without dispersion correction.

B3LYP/6-31G(d) with
System B3LYP/6-31G(d) Grimme's dispersion
correction
NND -381.1799371 -381.1925119
y-cyclodextrin -4275.18 -4275.42

NND-CD Complex -4656.435218 -4656.702187
Energy of Inclusion -0.07528082 -0.08967457
(kcal/mol) -47.4269166 -56.4949791

3.10. Molecular docking studies of NND.

The biological activity of NND was shown in Table 7 from the PASS online site. N-
methylhydantoinase (ATP-hydrolysing) inhibitor has the topmost probability of being active
with a very low probability of inactive values corresponding PDB ID: 3173 [68] downloaded
and prepared to dock undock with NND molecule by both online servers SwissDock and
PatchDock. The result from the SwissDock server shown in Table 8 explains full fitness energy
-2675.96 kcal/mol, total AG energy -5.89 kcal/mol, as well as inter full fitness, intra full fitness,
full solvent fitness, full surface fitness, AG of complex solvent polar, complex solvent non-
polar, protein solvent polar, protein solvent non-polar, ligand solvent polar, ligand solvent non-
polar, van der Waals force and electrical fore energies for interactions between NND and
protein with the unit of kcal/mol.

Table 7. Biological activity prediction of NND using PASS.

Pa Pi Activity
0.87 0.002 N-methylhydantoinase (ATP-hydrolysing) inhibitor
0.87 0.004 Nicotinic alpha6beta3betadalphab receptor antagonist
0.865 0.004 Nicotinic alpha2beta2 receptor antagonist
0.844 0.015 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.845 0.018 Phobic disorders treatment
0.815 0.004 Phospholipid-translocating ATPase inhibitor
0.807 0.012 Glycosylphosphatidylinositol phospholipase D inhibitor
0.791 0.003 Kidney function stimulant
0.797 0.013 NADPH peroxidase inhibitor

Table 8. Thermodynamic data from molecular docking.

Full Fitness

-2675.964 kcal/mol

Inter Full Fitness

-20.2328 kcal/mol

Intra Full Fitness

-28.1168 kcal/mol

Solvent Full Fitness

-2984.41 kcal/mol

Surface Full Fitness

356.796 kcal/mol

Extra Full Fitness

0 kcal/mol

AG complex solvent polar

-2984.41 kcal/mol

AG complex solvent non-
polar

356.796 kcal/mol

AG protein solvent polar

-2985.62 kcal/mol

AG protein solvent non-polar

357.709 kcal/mol

AG ligand solvent polar -6.44042 kcal/mol
AG ligand solvent non-polar 3.93924 kcal/mol
AG van der Waals fore -20.2328 kcal/mol
AG electrical force 0 kcal/mol
Total AG -5.894829 kcal/mol

The result from PatchDock having the score value 2656, area 287.20 (A)? and minimum

atomic contact energy -79.28 kcal/mol between
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Studio 2017 software is used for interpreting interactions between NND and protein [14,15,69—
75].

3.10.1. Interactions between NND and protein.

Figure 11 shows skeletal structure interactions between NND and protein residues with
the types and bond distances, and Figure 12 interactions between NND and protein residues
with the label. Table 9 explains all types of interacting protein residues with NND having
hydrophobicity value, average isotropic displacement, secondary structure, residue solvent
accessibility, sidechain solvent accessibility, percent solvent accessibility, and percent
sidechain solvent accessibility. Table 10 explains the favorable non-bond interaction category,
type, chemistry, and bond distances between NND and protein residues. There are also
unsatisfied bond oxygen atoms in the NND molecule.

Figure S1 and Table 9 explain hydrophobic interactions between NND and protein
residues. Figure S2 and Table 9 explain hydrophilic and acidic group interactions between
NND and protein residues. There is no basic group interaction between NND and protein.
Figure S3 and Table 9 explain neutral group interactions between NND and protein residues
[76-84].

Table 9. Interactions between NND and protein residues.

Percent
Average Sidechain sidechain
. Isotropic Secondary | Residue Solvent Percent Solvent
Name Label Hydrophobicity Displacement | structure | Accessibility(A)? Solvent Accessibility(A)? Solvent
place y Accessibility(A)2 y Accessibility
A A\
(A)
Isoleucine A:lled4 4.5 65.899 Sheet 47.513 40.757 29.737 35.92
Leucine A:Leu92 3.8 94.684 Sheet 114.885 97.113 75.734 97.722
Glzt:ir;lc A:Glu93 -3.5 (pKa 4.3) 99.926 Coil 140.977 110.988 79.933 89.926
Met:‘"”'” A:Met268 1.9 113.007 Tum 86.602 69.606 47593 53.951
Valine A:Val271 4.2 110.919 Tum 49.28 48.808 35.043 55.508
Leucine | A:Leu272 3.8 109.171 Turn 91.698 86.044 60.449 86.582
Alanine A:Ala295 1.8 67.386 Coil 23.13 21.133 23.103 45.902
Threonine | A:Thr297 -0.7 75.843 Coil 27.507 17.611 20.745 20.411
Meme'on'” A:Met300 1.9 79.882 Coil 100.457 31.465 55.207 24.388
Table 10. Favorable non-bond between NND and protein residues.
. From To
Distance (A) Category Type From Chemistry To Chemistry
2.76967 Hy;;?]?jen Carbon Hydrogen Bond :UNKO:H H-Donor A:MET268:0 H-Acceptor
2.62026 Hy;;gen Carbon Hydrogen Bond :UNKO:H H-Donor A:GLU93:0E2 | H-Acceptor
4.37675 Hydrophobic Alkyl A:ALA295 Alkyl :UNKO Alkyl
4.46229 Hydrophobic Alkyl A:ALA295 Alkyl :UNKO:C Alkyl
3.99483 Hydrophobic Alkyl :UNKO0:C Alkyl A:LEU92 Alkyl
4.41282 Hydrophobic Alkyl :UNKO:C Alkyl AVAL271 Alkyl
2.76967 Hy;:;gen Carbon Hydrogen Bond :UNKO:H H-Donor A: MET268: O | H-Acceptor
2.62026 Hy;(;(r)]?jen Carbon Hydrogen Bond :UNKO:H H-Donor A:GLU93:0E2 | H-Acceptor
4.37675 Hydrophobic Alkyl A:ALA295 Alkyl :UNKO Alkyl
4.46229 Hydrophobic Alkyl A:ALA295 Alkyl :UNKO:C Alkyl
https://biointerfaceresearch.com/ 4009
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. From To
Distance (A) Category Type From Chemistry To Chemistry
3.99483 Hydrophobic Alkyl :UNKO0:C Alkyl A:LEU92 Alkyl
4.41282 Hydrophobic Alkyl :UNKO:C Alkyl AVAL271 Alkyl

Figure 11. Skeletal structural interactions between N-N'-dimethylethylene urea and protein.
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Figure 12. Interactions between N-N'-dimethylethylene urea and protein residues.
4. Conclusions

N-N'-dimethylethylene urea was characterized by IR, Raman, and UV-Vis spectra. The
simulated and experimental spectra showed a close correlation. Vibrational modes are assigned
based on the PED matrix. Scaled wave numbers are in good agreement with experimental wave
numbers. The compound is stabilized by various intramolecular interactions and shows
excellent hyperpolarizabilities indicating that it could be a potential NLO material. All electron
descriptor analyses are in conformation with the reactivity details. Docking studies indicate
that the molecule can be used as a methylhydantoinase (ATP-hydrolysing) inhibitor. The
inclusion energy data shows that the molecule can be placed inside the cavity of a cyclodextrin
molecule.
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Supplementary materials

Table S1. Definition of local-symmetry coordinates and the values of corresponding scale factors used to
correct the B3LYP/6-31G++ (d, p)force field calculations of N-N'-dimethylethyleneurea

No.(i) | Symbol® | Definition® Scale factors
Stretching
1 v C-C (Ring) R1 0.999
2-5 v C-N (Ring) R2, R3, R4, R5 0.993
6-7 v C-N sub R6, R7 0.993
8 vC-0 R8 0.451
9-10 v C-H ss (R9+R10)/ V2, (R11+R12)/ V2 0.905
11-12 v C-H ass (R9-R10)/ V2, (R11-R12)/ \2 0.994
13-14 vCH3ss (R13+R14+R15), (R16+R17+R18) 0.660
15-16 v CH3ips (2R13-R14-R15)/ V6, (2R16-R17-R18)/ V6 0.899
17-18 v CH3 ops (R14-R15)/ V2, (R17-R18)/ \2 0.999
In-Plane bending
19 BRasy v 19+a(y20+ vy23)-b (y21+v22) 0.998
20 BRsym (a-b)(y20- y23) +(at+b) (y21-y22) 0.997
21-22 BCH2sc (724+y28+y25+729)/2, (y26+y30+y27+y31)/2 0.865
23-24 BCH2ro (y24+y28- y25- ¥29)/2, (y26+y30-y27-y31)/2 0.875
25-26 BCHowa (y24-y28+y25-y29)/2, (y26-y30+y27-y31)/2 0.865
27-28 BCHatw (y24-y28-y25+729)/2, (y26-y30-y27+y31)/2 0.999
29-30 B(N-C) (y32-y33)N2, (y34-y35)\2 0.907
31 B(N-C-O) (y36-y37)/\2 0.957
-y38- v39- y40+ y44+ y45+ y46)/6,
32:33 BCHasb ((-Y/41-:(42-143+147+148+149))/\/6 0.960
34-35 BCHszipb (-y44- y45- 2y46)N6, (-y47- y48- 2y49)/N6 0.999
36-37 BCH3opr (y44+ v45)N6, (y46+ y4T)N6 0.625
38-39 BCHsipr (238- y39- y40)N6, (2y41- y42- v43)N6 0.830
40-41 BCHazopr (y39- v40)/\6, (y42- y43)/N6 0.999
Out of plane bending
42 o(C-0) p 50 0.995
43-44 o(C-N) p51,p52 0.995
Torsion
45 tRasy b(t53+t57)+a(t54+156)+ 155 0.987
46 TRsym (a-b)( T56- t54)+(1-a) (t57- 153) 0.999
47-48 TN-CH3 160, 161 0.850

Where a=c0s1440 , b=cos720.

Abbreviations: v, stretching; B, in plane bending; ®, out of plane bending; 7, torsion, ss, symmetrical stretching,
ass, asymmetrical stretching, sc, scissoring, wa, wagging, tw, twisting, ro, rocking, tri, trigonal deformation,
sym, symmetrical deformation, asy, asymmetric deformation, sub, substitution.

a These symbols are used for description of the normal modes by PED
b The internal coordinates used here are defined in table given in supplementary material 1
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Figure S1. Hydrophobic interactions between N-N'-dimethylethylene urea and protein residues.
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Figure S2. Hydrophilic and acid interactions between N-N'-dimethylethylene urea and protein residues.

ILE
A:84
[
— ’/,\\' e
\_ 7
ALA
A:295
LEU
THR A:92
A:297
MET VAL LEU
A:268 A:271 A:272
Interactions
|:| wan der Waals |:| Alkyl

Figure S3. Neutral group interactions between N-N'-dimethylethylene urea and protein residues.
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