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ABSTRACT

We report here the correlation between the quantum chemical parameters and the reported antifungal activity of

thiourea derivatives containing a thiazole moiety (la-1d). The structure of thiourea derivatives were optimized by
Density Functional Theory (DFT) using B3LYP method with 6-31G (d,p) basis set. The optimized molecular geometry,
bond lengths, bond angles and band gap were investigated. Quantum chemical parameters of the compounds viz. EA, IP,

Electronegativity, hardness (1) and softness (0) showed strong correlation with the reported antifungal activity of

studied compounds. Geometrical parameters have been compared with the available experimental results. The structure-

activity relationship was also studied.
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1. INTRODUCTION

The thiazole moiety belongs to an important class of
heterocycles containing N & S and when linked to a
thiourea functional group forms the building block for
pharmaceutical agents [1]. They display a wide variety of
pharmaceutical activities, for instance bactericidal, anti-
tumor [2], analgesic [3], fungicidal [4] and anti-
hypertensive [5]. Thiouracils are similarly used as
virucidal and anti-inflammatory agents [6]. Thiourea
derivatives act as intermediates for the synthesis of
variety of acyclic and heterocyclic compounds [7-8].

Log P is a most commonly used molecular descriptor in
SAR analyses [9-14]. It is a quantitative descriptor of
lipophilicity, one of the significant factors of pharma-
cokinetic properties. The lipophilicity modifies the
penetration of bioactive molecules through the non-polar
cell membranes. This property is usually determined by
the partition coefficient, which is obtained from distri-
bution studies of the compound between an immiscible
polar and non-polar solvent pair. The inhibitory activity
of a drug can be predicted by using Log P.

In this paper, we report the study of four compounds
(la-1d) using DFT/B3LYP method. Fig. 1 depicts
structures of the compounds used in the current study.
We were interested in exploring the frontier orbital

energy and structure-activity relationship on the
antifungal activities. It is reported that all the compounds
exhibit significant antifungal activity, antifungal activity
of 1c is the strongest among the studied samples [15].
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Fig. 1: Structures of the compounds under study,
la-1d

2. EXPERIMENTAL, RESULTS AND DISCUSSION
2.1. Comparison of DFT geometrical parameters
with experimental data

The DFT calculations were carried out with B3LYP/6-
31G (d,p) method in GAMESS package [16]. The
geometrical parameters viz. Calculated bond distances
and observed bond lengths of compound 1a are given in
Table 1. In general, good agreement between the
calculated and experimental [15] bond lengths have been
observed.
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Table 1: Comparative selected structure para-
meters of the compound 1la.

Distances (A) / Angles (°) la
Expt  DFT
S(1)-C(2) 1757 1.768
C(2)-N(3) 1307 1.287
C(2)-N(6) 1390 1.393
NG3)-C(4) 1372 1.385
C4)-C(5) 1364 1.371
C(7)-S(8) 1669  1.679
C(7)-N(9) 1407 1.415
C(10)-0(11) 1230 1.204
C(10)-C(12) 1500 1.501
C(12)-C(13) 1403 1.407
C(13)-C(14) 1391 1.398
C(15)-C(16) 1393 1.39
C(15)-N(18) 1477 1.493
C(16)-C(17) 1392 1.403
N(18)-0(19) 1229  1.198
N(18)-0(20) 1229  1.236
C2)-S(1)-C(5) 87.717  88.748
S(1)-C(2)-N(3) 115.541  116.23
S(1)-C(2)-N(6) 126.156 128.451
N(3)-C(4)-C(5) 116.020 117.971

110.387 109.319
129.804 128.198

S(-CG)-CH)
C(2)-N(6)-C(7)

N(6)-C(7)-S(8) 127.298 123.853
N(6)-C(7)-N(9) 114386 113.536
C(7)-N(9)-C(10) 129.358 129.322
C(7)-N(9)-H(24) 111.722 111.894

2.2. Frontier Orbital Energy Analysis

HOMO and LUMO of the compound are found to be
essential factor that decides the bioactivity of the organic
and other compounds. According to the frontier
molecular orbital theory, HOMO has the priority to
offer electrons, while LUMO can accept electrons first
[17]. The energies of HOMO-2 to LUMO +2 orbitals
are given table 2. Molecular orbital diagram for the
HOMOs and LUMOs are shown in Fig. 3. Chem Bio 3D

software was used to generate MO diagrams (extended
Huckel theory). HOMOs of all the four compounds
generally reside on the sulfonyl moiety and sulphur
containing five membered ringand LUMOs of the
compounds mainly resides on the carbonyl moiety.
The obtained values of IP, EA, hardness, softness, and
electronegativity associated with HOMO and LUMO
energies are formulated in Table 3.
The quantum chemical parameters were calculated as
described by Cakmak et. al. [18] IP and EA can be
determined using HOMO and LUMO energies were
calculated according to the Janak’s Theorem [19].
IP = _EHOMO? EA = _ELUMO
Hardness () of the compound [20] can be described as
distortion of chemical species or opposition to electron
cloud polarization. Behaviour of the chemical entity can
be studied using the concepts of hardness and softness.
The molecule is considered soft if it has small energy gap
while, the molecule is said to behard, if has large energy
gap. Thus, hard molecules are less polarizable than the
soft molecules.
N = (IP-EA)/ 2
The inverse of global hardness provides softness of the
molecules [21-22].
c=1/n
Tendency of the molecules to attract the electrons is
called as Electronegativity () and is calculated using
following equation.
X =- (EHOMO + ELUMO>/2
From Table 3, it is also observed that higher the value of
LUMO energy, more is the activity. This is in accordance
with the literature which reported the strongest
antifungal activity for 1c. Furthermore, it is also
observed that the antifungal activity correlates strongly
with the computed values of all the quantum chemical
parameters viz. EA, IP, Electronegativity, band gap,
hardness (1) and softness (G). From the Log p
calculations it is observed that 1c is less lipophilic in
nature. Lower values of Log p are indicative of stronger
antifungal activity.

Table 2: Energy levels (a.u.) of MOs for compoundsla-1d calculated in their ground state in the gas

phase.
Compound HOMO-2 HOMO-1 HOMO LUMO LUMO+1 LUMO+2
la -0.2583 -0.2370 -0.2271 -0.1154 -0.0714 -0.0500
1b -0.2293 -0.2224 -0.2198 -0.0532 -0.0156 -0.0148
1c -0.2352 -0.2210 -0.2184 -0.0518 -0.0154 -0.0026
1d -0.2568 -0.2272 -0.2259 -0.0642 -0.0181 -0.0171

Journal of Advanced Scientific Research, 2022; 13(1): Feb.-2022



Tigote et al., ] Adv Sci Res, 2022; 13(1): 380-383 382

0.00 A —
— — — = LUMO+2
-0.05 ~ - LUMO+1
= -0.10 - LUMO
(-]
>.._—0.15 - HOMO
(=10}
& -0.20 4 — HOMO-1
< =
' _0.25 . — HOMO-2
-0.30 T T T T '
o 1 2 3 q 5
Compound

Fig. 2: Energy levels of MO diagram for compounds la-1dcalculated in their ground state in the gas phase.
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Fig. 3: Molecular orbital diagram for the HOMOs, LUMOs and optimized structures of the four

compounds la-1d

Table 3: Quantum chemical parameters of compounds la-1dcalculated at B3LYP/6-31G(d,p)

E umo IP= EA= = c= = MIC
Eromo (€V) (eV) -Enomo -E imo (1_111)/2 1/m (H—XA)/2 Log P values*
la -6.180 -3.140 6.180 3.140 1.520 0.658 4.660 2.317 100
1b -5.981 -1.448 5.981 1.448 2.267 0.441 3.714 2.302 50
1c -5.943 -1.410 5.943 1.410 2.267 0.441 3.676 1.417 25
1d -6.147 -1.747 6.147 1.747 2.200 0.455 3.947 2.559 100

* Antifungal activity against cgiabaa[15]

3. CONCLUSION
The DFT calculations of thiourea derivatives containing
(1la-1d)

characteristics responsible for the strong biological

a thiazole moiety reveals electronic

activity. In general, good agreement between the

calculated and experimental geometrical parameters
have been observed. Overall, we observed strong
correlation between biological activity and computed
values of all the quantum chemical parameters viz. EA,

IP, Electro-negativity, hardness (1) and softness ().
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Lower values of Log p are indicative of stronger

antifungal activity.
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