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1. Introduction

Density functional theory (DFT) [1] has proved itself to be a valuable tool for the quantum
mechanical description of electronic structure and properties of atoms, molecules, clusters and
solids. The central theme of DFT is the use of the single-particle electron density [2] as the
basic variable to express the energy of a many electron system as a unique functional of the
density. Starting with the pioneering work of Hohenberg and Kohn [3], DFT has been elevated
from its status of being a ground state theory to include excited states [4] and time-dependent
phenomena [5]. Besides providing conceptual simplicity and computational economy, DFT has

given birth to a number of important chemical concepts [1,6] and has also provided rigorous
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foundation to many of the existing concepts, important examples being the concepts of
electronegativity[7], chemical hardness [8], Fukui function [9] and several other chemical
reactivity indices [10,11].

The importance of imidazolines in biochemistry has recently increased, since they are found
in many biologically active compounds.[12] Preparation of 2-substituted imidazolines and
oxazolines has become of great interest and importance because of their pharmaceuticall and
synthetic material applications.[13] In addition, these methodologies provide access to new
derivatives of the imidazoline pharmacophore observed in many bioactive molecules, for
example in the cardiovascular arena.[14]

They are also used in organic synthesis as synthetic intermediates,[15] chiral ligands,[16]
chiral auxiliaries,[17] and so on. Furthermore, many oxidizing methods of imidazolines to
imidazoles, which are also found in many biological compounds, have been reported.[18]
However, it is essential to have reliable conventional methods at hand to study the geometry
and conformational hyper surface of molecules with interesting biological properties.

However, the characteristics studied in this work have not been studied so far.
2. Computational methods

Geometries of quinazolinone and its derivatives were optimized using density functional
theory (DFT) B3LYP method with 6-31++G(d,p) and 6-311++G(2d,2p) basis sets. Compound
a (with X = H) is considered as a reference to compound in the comparative investigation of
the effect of the substitution on the aryl group at the 4 position on the optimized structures of
4-aryl imidazolin-2,5-diones (IMs)

Using Koopmans’ approximation can be simplified to the calculation of the chemical potential
energy (1) and chemical hardness energy (1) by the following forms equations 2 and 3.
= (¢ LUMO + ¢ HOMO) /2 (2)

1= (¢ LUMO — ¢ HOMO)/ 2; (3)
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where the symbols have their usual meaning.

Using this simple idea, Parr et al. performed a variation calculation that led to the definition

of the global electrophilicity index as w=-AE(AN*), which may be recast into the more familiar
form equation 4:

(5]

g
]
|1:

(4)

a
-3

The global electrophilicity is defined in terms of the electronic chemical potential (u) and the
chemical hardness (1)).

3. Results and discussion

The general structure of 4-aryl-imidazolin-2,5-diones (IMs) is shown in Fig. 1, where the

numbering scheme used to describe these structures is also introduced.

Fig 1: General structure of the imidazolidin-2,5-diones and derivatives with aryl-up conformation, and the
numbering scheme used in this work. An example of the optimized structures imidazolidin-2,4-diones is given

on the below. The red and blue balls represent the oxygen and nitrogen atoms, respectively

3.1. HOMO-LUMO energy
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It is well-known that HOMO/LUMO (highest occupied or lowest unoccupied molecular
orbital) and global electrophilicity/nucleophilicity energy interaction plays very important
roles in chemical reaction. However, in this section, the HOMO and LUMO energies are
calculated by B3LYP/6-311++G(d,p) method is shown below. According to equations (2), (3)
and (4) one could calculate the chemical potential (i), hardness (1) and global electrophilicity
of these isomers. The data of this analysis are reported in the table 5. Furthermore, the
orientationally averaged static polarizability were reported as:
<00> = (axxtayy+tazz) /3 (5)

Which are calculated at HF/6-311++G(d,p) levels of theory. (Tablel)

Table 1. Calculated HOMO, LUMO, chemical potential (i), hardness (1) and global electrophilicity () energy
and averaged static polarizability (o) values of fives isomers of IMs using B3LYP/6-311++G(d,p) method.

(Energies and averaged static polarizability are given in eV and a.u, respectively)

Tsomer I
Comp. HOMO LUMO pn 1 @ a Comp. HOMO LUMO u 1 0] a
a =726 -121 -424 3.02 297 121.01 kK -7.07 -140 -424 284 317 144.09
] -6.96 -1.05 -401 296 272 13537 1 -7.17 -140 -428 288 3.14 14255
c -7.07 -1.05 -4.06 3.01 273 13334 m -696 -1.37 -416 279 3.10 140.80

d =712 -1.02 407 3.05 272 13448 n -7.25 -130 -428 298 3.07 120.88

e -7.10 -1.16  -4.13 297 287 141.44 o -7.36 -133 -434 302 313 12091
f -6.77 -1.11 -394 283 275 14019 p 731 -134 -433 299 314 120.85
g -6.68 -1.03 -3.85 282 2.63 13843 q -7.57 -464 -6.10 146 12.74 141.28

h -7.19  -1.39 429 290 3.17 135.64 r -7.75 -525 650 1.25 1695 138.79
i -7.28 -139 -433 295 319 13440 s -7.65 -495 630 135 1472 138.18

i -7.33 -135 -434 299 315 13340
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Isomers II
Comp. HOMO LUMO pn 1 ® o Comp. HOMO LUMO 1l | ® o
a -5.48 -144 -346 129 4.63 133.40 kK -565 -163 -364 119 553 15971
b -5.08 -129 -3.18 125 405 14886 1 570 -167 -3.69 118 578 15695
¢ -5.42 -142 -342 130 451 14746 m -5063 -134 -349 147 414 15122
d -5.44 -142 -343 130 450 14262 =n -559 -1.56 -3.57 124 515 13275
e -5.08 -129 -3.18 1.25 405 15427 o <567 -1.61 -3.64 122 542 134.06
f -541 -141 -341 129 451 15339 p 551 -148 -350 128 479 134.00
g -5.34 -088 -3.11 175 270 15182 ¢q -593 -429 -511 0.82 1592 167.88
h -5.64 -161 -362 201 326 15052 r 595 277 -436 021 4541 15421

Isomers ITT

Comp. HOMO LUMO pn n © o Comp. HOMO LUMO p n ® a

a -6.75 -1.55 -415 260 3.31 12133 kK -6.75 -1.16 -3.96 2.80 280 14440
b -6.56 -0.86 -3.71 285 241 13568 1 -693 -1.05  -3.99 294 271 143.03
c -6.80 -0.76 -3.78 3.02 237 13473 m -695 -1.02 398 296 268 14131
d -6.79 -0.77 -3.78 3.01 238 133381 n -684 -1.05 -394 289 268 12094
e -6.73 -095 -384 289 256 14031 o 697 -1.31 414 283 303 121.05
f -6.45 -1.54 -399 245 325 14067 p -6.77 -1.48 413 265 322 121.33
g -6.28 -0.80 -343 2.74 229 13926 q -7.24 -4.39 581 143 11.85 141.93
h -6.83 -1.14 -3.98 2.84 279 13580 r -7.49 -2.79  -5.14 235 5.63 139.87
i -7.04 -1.04 -404 3.00 272 13481 s -7.15 -434 -557 140 11.76 138.68
j -7.02 -1.00 -401 3.01 268 133.78
Isomers IV
Comp. HOMO I1UMO p 1 ® a Comp. HOMO LUMO pu 1 ® o

a -6.68 -190 -429 239 3.85 12318 k -6.73 -2.05 439 234 412 146.63
b 651 -1.84 -418 234 374 137.64 1 -6.83 -2.06 -444 239 413 145.60
¢ -6.60 -186 -423 237 377 13697 m -6.89 -1.19  -4.04 285 287 14422
d 659 -185 -422 237 337 13561 n -6.75 -2.02  -439 237 406 122.81

e -6.63 -193 -428 235 390 14347 o -6.85 204 444 240 411 123.09
f -6.59 -191 -425 234 386 143.08 p -6.77 -1.93 -435 242 392 123.01

g 642 -172 -407 235 353 141.87 q -7.08 -455 -581 126 1338 144.52
h -6.76 -2.05 -440 236 412 137.79 r ~-7.10 455 -582 128 1326 142.00
i -6.85 -206 -445 240 413 13728 s -T.12 449 580 131 1280 140.61

i -6.73 -191 -432 241 3.87 136.12
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Analysis of the data that reported in the table 1 predicts the most stable isomer is isomer I,
with no exception compounds, because this isomer has the less electrophilicity.
Analysis of the optimized structures of imidazolidin-2,4-diones that the five-membered ring
adopts a envelope conformation, flattened at N1 toward an envelope conformation, with a
pseudo-axial orientation of the C4 substituent. In Tables 1 the optimized lengths of the C2=06,
C5=07, N1-H, N3-H, and C4-H bonds that play a role in the activities of IMs are listed.
Furthermore, the optimum values of the N1-C2-N3and N1-C5-C4 triangles, denoted by o and

B respectively reported in Tables 1.

Table 2: Selected B3LYP/6-311++G(d,p) optimized geometrical parameters obtained for IMs (bond lengths and

triangles are given in A and degrees, respectively)

Comp. C2=06 C5=07 N1-H N3-H C4-H o
a 1.2079 1.2045 1.0096 1.0071 1.0962 105.35 105.59
b 1.2083 1.2047 1.0096 1.0070 1.0957 105.34 105.62
¢ 1.2083 1.2045 1.0096 1.0070 1.0955 105.34 105.61
d 1.2085 1.2052 1.0097 1.0076 1.0975 105.35 105.67
e 1.2084 1.2049 1.0096 1.0071 1.0957 105.32 105.67
f 1.2080 1.2046 1.0005 1.0070 1.0958 105.32 105.56
g 1.2092 1.2054 1.0091 1.0077 1.0955 105.62 105.57
h 1.2070 1.2042 1.0098 1.0077 1.0967 105.44 105.54
i 1.2066 1.2041 1.0098 1.0077 1.0965 105.43 105.51
i 1.2076 1.2044 1.0095 1.0068 1.0969 105.40 105.37
k 1.2069 1.2041 1.0098 1.0077 1.0967 105.44 105.54
1 1.2066 1.2041 1.0008 1.0078 1.0967 105.44 105.50
m 1.2076 1.2044 1.0095 1.0068 1.0970 105.39 105.31
n 1.2072 1.2043 1.0008 1.0076 1.0966 105.42 105.58
o 1.2067 1.2040 1.0098 1.0077 1.0965 105.43 105.50
p 1.2071 1.2048 1.0095 1.0073 1.0955 105.46 105.57
q 1.2055 1.2035 1.0100 1.0082 1.0967 105.50 105.41

A review of the data reported in table 1 shows that the C2=06, C5=07, N1-H, N3-H and
C4-H bond lengths in the IMs compounds are very close, while they are dependent on the type
of the substituent at the 4 position. The optimized structural parameters show that partial
conjugation of the N1, N3 and N5 atoms with the carbonyl groups (C2=06 and C5=07)
depends on the a and B angles, since approach of the 27=06 group towards the coplanar
conformation results in an increase in the C2=06 bond lengths, and a decrease in the C5=07
bond length. Analysis of the data reported in the table 1 show that the N1-C2-N3and N1-C5-

C4 triangles are not flat because values of the N1-C2-N3and N1-C5-C4 triangles are <120°.
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This parameter can be effect on the resonance of electron pair of N1 and N3 atoms with C=0
groups.
3.2. Vibration analysis

Vibration analysis was carried out on the optimized geometries of the DHPMs at B3LYP/6-
311++G(d,p) level of theory. The harmonic frequencies calculated for IMs along with their IR

intensities (given in parentheses) are reported in Table 3.

Table 3: Calculated harmonic frequencies (cm-1) (IR intensities) obtained for the B3LYP/6-311++G(d,p)
optimized structures of IMs.

Comp. C2=06 C5=08 Comp. C2=06 C5=08
a 1815.9 1020.6) 1851.2(278.9) k 1817.6(1006.9) 1853.6(309.2)
b 1814.9(1029.6) 1849.9(284.6) 1 1818.1(980.6) 1854.8(293.1)
c 1814.3(1032.3) 1850.2(280.5) m 1816.0(1005.4) 1852.0(246.1)
d 1816.1(1086.4) 1848.4(297.3) n 1817.0(1007.0) 1853.0(278.6)
e 1814.3(1029.6) 1849.0(284.2) o 1818.0(1007.1) 1854.6(281.8)
f 1815.4(1016.3) 1850.8(279.5) p 1816.0(1056.0) 1852.6(257.0)
g 1810.5(1063.2) 1846.4(203.4) q 1820.4(982.2) 1857.8(311.6)
h 1817.4(1007.6) 1853.5(299.8) r 1819.3(934.3 1858.2(323.9)
i 1818.0(989.4) 1854.5(287.6) s 1820.1(1046.9) 1858.9(226.2)
j 1816.4(1034.1) 1852.3(250.4)

The C2=067 and C5=08 stretching frequencies in IMs core are normally lies between
1814.3-1820.4 and 1846.4-1858.9 cm-1, respectively. In this region, the bands are affected,
appreciably by the nature of the substituents. A review of the data reported in Table 1 shows
also that the vibrational frequencies of these carbonyl groups in the heterocyclic of 1IMs core
dependence on the type and position of the substituent.

3.3. Thermochemical analysis

Standard formation enthalpies (AH®f) of the 4-aryl-the imidazolidin-2,5-diones compounds
were calculated by using the B3LYP/6-311++G(d,p) level and below reaction. (Eg. 1) The
results of the calculations are reported in table 2.

aC(s)+bH2(g) +cN2(g) +dO0O2 (g) — product 1



J. Chem. React. Synthesis 2022: 12(2) 82-90 89

Table 4: Standard enthalpies of the formation of some IMs calculated based on the B3LYP/6-311++G(d,p)
optimized structures IMs compounds.

Comyp. AH" Comp. AH"; Comp. AH% Comp. AH";
a -261.33 f -462.83 k -228.52 P -454.87
b -273.84 g -462.25 1 -228.27 q -425.59
c -273.67 h -290.60 m -214.13 r -425.12
d -263.33 i -290.44 n -459.45 s -401.39
€ -463.20 i -279.39 0 -459.64

The analysis of the data reported in Table 2 shows that the synthesis of MIs are exothermic and

AHOf also depends on the type and position of the substituent on the aryl ring.

4. Conclusions

The B3LYP/6-311++G(d,p) calculations show that the heterocyclic ring in all IMs has a flat
envelope conformation, and the aryl rings substituted at the 4 position are not perpendicular to
heterocyclic ring of IMs. Calculated harmonic frequencies of the CO bond stretching show the
general order vC5=08>v(C2=06. Furthermore, the balance between donor-acceptor
interactions of different bonds/atoms of the aryl ring and those of the heterocyclic ring plus
induction and resonance effects determines the differences in the formation of enthalpies of

IMs compounds.
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