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ABSTRACT: Some new Schiff-base compounds based on pyrrole were synthesized by the reaction
of 2-amino-1-methyl-4,5-diphenyl-1H-pyrrole-3-carbonitrile (1) with aromatic aldehydes (2a-2e)
in ethanol/acetic acid at room temperature. The structures of the Schiff bases were characterized
by full spectral data. The fluorescence emission intensity of the Schiff bases has been measured in
different polar solvents (protic and aprotic) at different temperatures and also pHs. Among the
products of this reaction, 2-[(2-hydroxy-benzylidene)-amino]-1-methyl-4,5-diphenyl-1H-3-carbonitrile
(3a) exhibited good results. The molecular docking studies on all Schiff bases revealed that
the compound 3a forms a stable complex with polo-like kinasel as a target and gives a binding affinity
value of -8.9 kcal/mol. According to the obtained results, the DFT calculations carried out on 3a
by using B3LYP/6-31+G(d,p) level of theory which the theoretical data were in good agreement
with the experimental data. Furthermore, the NBO analysis showed the electron transfers correctly.
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INTRODUCTION

Schiff-base ligands are a significant class of organic
compounds due to their structure and [1, 2] pharmaceutical
activities such as antibacterial, anticancer, anti tumor and
anti-inflammatory [3-7]. These compounds have a large
number of applications specially in the field of inorganic
chemistry as a ligand for complexation [8-12], in
biochemistry area as intermediate in the enzymatic
reactions and also as a dye for detection of proteins [13-17].
In addition, because of fluorescence properties

in the Schiff-base ligands and their complexes, they
can be used as a selective fluorescent indicator for the
detection of metals [18].

Chemistry of pyrrole and its derivatives have received
considerable attention owing to their synthesis and
biological activities [19, 20]. Pyrrole is one of the most
important simple heterocycles, which has been found
in the marine natural products, including dimeric structures
such as nakamuric acid [21]. Moreover, the pyrrole based
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Scheme 1: Synthesis of the Schiff bases

Schiff bases and their complexes have been very
important duo to their applications for example
electrochromic [22] photovoltaic [23] and also they
have used as fluorescent and colorimetric chemosensors
[24, 25].

On the other hand, materials containing electroluminescent
have widely investigated experimentally and theoretically
[26-29]. Also, Schiff-base ligands and their complexes
are an important class of organic and inorganic
compounds because of their fluorescent properties [30-32].

Furthermore, the theoretical evaluation of pyrrole
derivatives structure has been shown the good results.
Also, the study of biological structures and interaction
with the pyrrole derivatives has predicted considerable
results [33, 34]. Hence, these findings promoted us
to synthesis some new Schiff bases of pyrrole (3a-3e)
via the reaction of 2-amino-1-methyl-4,5-diphenyl-3-
carbonitrile (1) with aromatic aldehydes (2a-2e) in the
acidic solution of ethanol at room temperature (Scheme 1).
Also, we have evaluated the fluorescence properties,
molecular docking for all compounds. Because of the
structural  similarity between products, the DFT
calculations carried out for 3a selectivity.

The pyrrole derivatives have shown many significant
biological properties such as anticancer and inhibitor [35-37].
The Polo-Like Kinasl (PLKZ) is an enzyme, which is considered
as a target for cancer drugs. The PLK1 is considered
as a proto-oncogene, whose over expression is
often observed in tumor cells. Many cancers are
dependent on this inhibitor [38, 39]. Hence, the interaction
of the 3a-3e compounds with PLK1 has been explored
theoretically.
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EXPERIMENTAL SECTION
Material and physical sciences

All anhydrous solvents and chemicals were obtained
from Sigma Aldrich without purification. *H NMR (300 MHz)
and BC NMR (75 MHz) spectra were recorded on
a Bruker spectrometer in CDCls solution. Mass spectra
were obtained using a Thermo Finnigan LCQ DECA XP
MAX mass spectrometer. Elemental analysis was performed
on a Thermo Finnigan Flash EA microanalyzer.
Fluorescence emission spectra were recorded on a Varian
Cary Eclipse (Australia) equipped with Cary Eclipse
software by Quartz cell 1 cm for fluorescence.
FT-IR spectrum was recorded on a Bruker Tensor
27 spectrometer (KBr discs, 4000-400 cm™). Melting
point (mp) was recorded on a Stuart SMP3 melting point
apparatus.

General procedure for the synthesis of Schiff-bases 3a-3e
2-amino-1-methyl -4,5- diphenyl- 1H-pyrrole -3-
carbonitrile (1) (Immol) and aromatic aldehydes (2a-2e)
(Immol) were added to a solution of ethanol (3 mL) in
acetic acid (0.03 mL). The reaction mixture was stirred
at room temperature for 5h. The obtained yellow solid
was filtered, washed with ethanol and dried in 100 °C.

Spectral data
2-[(2-hydroxy-benzylidene)-amino]-1-methyl-4,5-
diphenyl- 1H-3-carbonitrile (3a)

'H NMR (300 MHz, CDCls): & 3.59 (s, 3H, N—CHa),
7.01-7.07 (m, 2H, arom-H), 7.25-7.28 (m, 7H, arom-H),
7.39-7.49 (m, 4H, arom-H), 7.54-7.57 (m, 1H, arom-H),
9.36 (s, 1H, N=CH) ppm, 12.33 (s, 1H, phenolic OH);
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13C NMR (75 MHz, CDCl3): & 31.65 (N-CHs), 79.45
(CN), 117.20, 117.53, 120.17, 121.21, 124.08, 127.47,
128.86 (2C), 129.07, 129.16 (2C), 129.38 (2C), 129.84,
130.37, 130.76, 131.35 (2C) (phenyl rings), 132.92,
134.74 (pyrrole ring), 145.52 (C=N), 159.92 (N—C=N,
pyrrole ring), 160.00 (C—OH); Mass (APCI): m/z 378.11
(MH?*, 100%) (377.15 calcd. for C2sH19N3O); Anal. calcd.
for CxsHigNsO: C, 79.55; H, 5.07; N, 11.13; found: C,
79.30; H, 5.00; N, 11.45; m.p.: 213 °C; yield: 85 %.

2-[(4-hydroxy-benzylidene)-amino]-1-methyl-4,5-
diphenyl-1H-3-carbonitrile (3b)

!H NMR (300 MHz, CDCl3): & 3.68 (s, 3H, CHs),
7.12 (m, 2H, arom-H), 7.20-7.36 (m, 10H, arom-H), 7.81
(d, 2H, J= 8.7 Hz, arom-H), 9.20 (s, 1H, CH) ppm, 12.30
(s, 1H, phenolic OH); ¥C NMR (75 MHz, CDCl3): &
31.68 (CHa), 79.31 (CN), 117.23, 120.00, 123.98, 127.50,
128.22, 128.78 (2C), 129.10, 129.21 (2C), 129.84 (2C),
130.45 (2C), 131.02 (2C), 131.43 (2C) (phenyl ring),
133.12, 134.80 (pyrrole ring), 145.32 (C=N), 158.61
(N—C=N, pyrrole ring), 160.10 (C—OH); Mass (APCI):
m/z 378.10 (MH*, 100%) (377.15 calcd. for CsH19N30);
Anal. calcd. for CasHigN3O: C, 79.55; H, 5.07; N, 11.13;
found: C, 79.43; H, 5.10; N, 11.22; m.p.: 235 °C; yield:
83 %.

2-[ (4-methyl-benzylidene)-amino]-1-methyl-4,5-diphenyl-
1H-3-carbonitrile (3c)

'H NMR (300 MHz, CDCls): & 2.83 (s, 3H, CHs),
3.69 (s, 3H, N—CHg), 7.31-7.42 (m, 6H, arom-H), 7.43-
7.45 (m, 4H, arom-H), 7.68 (d, 2H, J= 8.00 Hz, arom-H),
7.92 (d, 2H, J=8.00 Hz, arom-H), 9.17 (s, 1H, CH) ppm;
13C NMR (75 MHz, CDCls): § 27.43 (CHs), 31.66
(N—-CHs), 79.29 (CN), 117.13, 117.59, 120.03, 120.49,
121.07, 121.59, 123. 44, 123.93 (2C), 126.69 (2C),
128.17 (2C), 128.32, 128.56, 129.31, 130.10 (2C), 131.09
(2C) (phenyl rings), 145.43 (C=N), 158.71 (N-C=N,
pyrrole ring); Mass (APCI): m/z 376.20 (MH*, 100%)
(375.17 calcd. for CzsH21N3); Anal. calcd. for CeHz1Ns:
C, 83.17; H, 5.64; N, 11.19; found: C, 83.08; H, 5.73; N,
11.20; m.p.: 241 °C; yield: 93 %.

2-[(4-nitro-benzylidene)-amino]-1-methyl-4,5-diphenyl-
1H-3-carbonitrile (3d)

'H NMR (300 MHz, CDCls): § 3.70 (s, 3H, CHs),
7.28-7.30 (m, 7H, arom-H), 7.41-7.44 (m, 3H, arom-H),
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8.15 (d, 2H, J= 8.40 Hz, arom-H), 8.36 (d, 2H, J= 8.40
Hz, arom-H), 9.38 (s, 1H, CH) ppm; *C NMR (75 MHz,
CDCls): § 31.70 (N-CHs), 79.47 (CN), 117.22, 117.53,

120.20, 121.23, 124.10, 127.50, 128.35, 128.89 (2C),
129.12 (2C), 129.20 (2C), 129.41, 129.91, 130.15 (2C),
130.22, 131.41 (2C) (phenyl rings), 145.23 (C=N),
160.00 (N—C=N, pyrrole ring); Mass (APCI): m/z 407.21
(MH*, 100%) (406.14 calcd. for CzsHisN4O2); Anal.
calcd. for CxsHigN4O.: C, 73.88; H, 4.46; N, 13.78;
found: C, 73.79; H, 4.27; N, 14.06; m.p.: 249 °C; yield:
90 %.

2-[(benzylidene)-amino]-1-methyl-4,5-diphenyl-1H-3-
carbonitrile (3¢)

'H NMR (300 MHz, CDCls): § 3.72 (s, 3H, N-CHs),
7.10-7.27 (m, 15H, arom-H), 9.23 (s, 1H, CH) ppm; *C
NMR (75 MHz, CDCls): & 31.79 (N-CHs), 79.43 (CN),
116.90, 117.20, 117.50, 120.10, 120.21, 121.21, 122.00,
122.95 (2C), 125.47 (2C), 126.64 (2C), 127.10, 127.33,
128.00, 128.51 (2C), 128.71, (2C) (phenyl rings), 140.00
(C=N), 158.64 (N-C=N); Mass (APCI): m/z 362.23
(MH*, 100%) (361.16 calcd. for CasHi9N3); Anal. calcd.
for CysHigNs: C, 83.07; H, 5.30; N, 11.63; found: C,
82.81; H, 5.23; N, 11.96; m.p.: 230 °C; yield: 98 %.

RESULTS AND DISCUSSION
Experimental spectral analysis

The structures of new Schiff-bases 3a-3e were
deduced from their spectral data. For example, the 'H
NMR spectrum of 3a in CDClI; did not show the —NH;
signal belonging to the precursor 1, but instead showed
a sharp signal at 12.33 ppm for a ~OH group (Fig. 1).
The FT-IR spectrum was devoid of the —NH; absorption
peaks at 3427 and 3327cm, which shows the inclusion
of the azomethine bond in the process. The —OH group
absorption observed as a broad peak at 3425 cm™ (Fig. 2).
Also, **C NMR showed 21 carbons for this structure.

Fluorescence spectroscopy

The fluorescent properties of compounds 3a-3e
were examined under different conditions such as different
non-aqueous solvents, temperatures, and pHs. All
measurements were done in 1 cm x 1 cm cuvette.
The fluorescence emission spectra were recorded at an optimized
concentration of 10° mol/lit in different solvents.
The fluorescence excitation wavelengths were 230 and
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Fig. 1: The *H NMR spectrum of compound 3a.

260 nm, maximum emission wavelengths (Aq/nm) were
between 400-600 nm in all conditions respectively.

Effect of temperature and pH changes in different
solvents

The effect of different temperatures (15, 25, 35, 45 °C)
and pHs (1.5, 3.5, 5.5, 7.5, 9.5) on the fluorescence
emission intensity of the new Schiff-bases 3a-3e
have measured in two polar protic solvents such as
ethanol and methanol and three polar aprotic solvents like
N,N-dimethylformamide (DMF), dimethylsulfoxide
(DMSO) and acetonitrile.

Among the compouds 3a-3e, the 3a species showed
the flourescence emission spectrum in various conditions.
As can be seen (Table 1), the fluorescence emission
intensity has generally been decreased with increasing
temperature for 3a. This phenomenon can be explained
by the non radiative processes related to the thermal
agitation such as intermolecular vibrations, collisions
with solvent molecules [40] and also deactivation
processes such as external conversion in high temperature
which increase the frequency of collision and Brownian
phenomenon [40, 41]. At low temperatures, the solvents
have more viscosity which increases the time for
reorientation [42].

The results showed that among the polar protic
solvents, methanol has the highest fluorescence emission
intensity equals 95 a.u. at 15 °C (Fig. 3, A, Table 1). This
distinct behavior of methanol can be explained by
its molecular properties. Methanol is smaller than ethanol
and its intractions with the molecular environment are
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Fig. 2: The FT-IR spectra of a: 1 and b: 3a.

strongly dominated by the polar hydroxyl group. Among
the polar aprotic solvents, DMSO has been exhibited
the highest fluorescence emission intensity equals 863 a.u.
at 15 °C.

Some aromatic and heteroaromatic compounds
have many mesomeric structures. These structures
can be protonated in the acidic solutions and also
deprotonated in the basic solutions. In these compounds,
fluorescence emission intensity depends on the pH.
On the other hand, suppressin can be observed in these
conditions [43].

The existance of a —OH group as an electron donating
moiety and a —CN group as an electron accepting moiety
in 3a species causes the Intramolecular Charge Transfer (ICT)
from —OH to —CN (Scheme 2). The intramolecular charge
transfer has an important rule in the fluorescence
intensity specially in different pHs.

The results showed that the highest fluorescence
emission intensity have occurred at pH = 7.5 for
all solvents and as usual DMSO has the more amount of
intensity equals 468 a.u. (Fig. 6, B).

Other compounds, according to the solubility showed
the flourescence emission spectrum in some solvents

(Fig. 4).

Molecular docking

High resolution crystal structure of PLK1
was downloaded from the RCSB protein data bank website
with PDB ID: 4A4L and the molecular docking
calculations were performed on Auto Dock-Vina
software [44].
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Table 1: Spectroscopic data for 3a at Aau/nm = 520

/ Acetonitrile DMF DMSO Ethanol Methanol \
Temperature u=392D u=3.86D u=3.96D u=1.69D u=170D
(°C) Mw: 41.05 g/mol Mw: 73.10 g/mol Mw: 78.13 g/mol Mw: 46.07 g/mol Mw: 32.04 g/mol
d: 0.786 g/mL d: 0.948 g/mL d: 1.10 g/mL d: 0.79 g/mL d: 0.79 g/mL
15 256 209 863 86 95
25 248 208 862 83 84
35 234 204 826 81 68
45 217 206 779 70 55
pH Acetonitrile DMF DMSO Ethanol Methanol
15 135 167 276 86 96
35 227 232 413 88 104
55 226 240 449 106 135
75 246 245 468 146 185
K 95 199 222 452 109 122 /
~ 900 = 6007
S A 3
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Fig. 3: The maximum fluorescence emission intensity for 3a species in different solvents, A: at 15 °C, B: pH = 7.5.
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Scheme 2: Mesomeric structures of 3a.
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Fig. 4: The maximum fluorescence emission intensity for 3b-3e in different solvents, C: at different temperatures and D:
at different pHs.

Fig. 5: The interactions of the ligand 3a with PLK1.

The docking studies have exhibited that among
the Schiff bases; the docked ligand 3a forms a stable
complex with the PLK1 and gives a binding affinity
value of -8.9 kcal/mol. As seen in Fig. 5, the Cys 133,
Lys 61 and Arg 136 amino acids interact with the 3a
ligand. The root-mean-square deviation (RMSD) values
of the 3a ligand are given in Table 2. The obtained results
show that the 3a ligand might be active as an inhibitor or
anticancer drug.

COMPUTATIONAL DETAILS

All of the calculations were performed using the
Gaussian 03 software package [45]. The B3LYP
functional and the 6-31+G(d,p) basis set were used. First,
all geometries were fully optimized. Optimized
geometries were confirmed to have no imaginary
frequency, except for Transition State (TS) which have
only one imaginary frequency of the Hessian [46].
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The *H-NMR chemical shifts were predicted with respect
to tetramethylsilane (TMS), where the GIAO method
was employed [47]. The geometric structures were visualized
by employing the Chemcraft 1.7 program.

Geometry and tautomerism of the Schiff-bese 3a

In this work, the Schiff bases of a pyrrole derivative
were newly synthesized. The optimized geometric
parameters such as bond lengths and bond angles
have been calculated for 3a. The aforesaid Schiff base
could exist as two possible tautomers, Enol and Keto.
Geometries of two possible tautomers are fully optimized
in the methanolic solution. Their optimized geometries
with the labeling of their atoms are shown in Fig. 6. Also,
the Enol-Keto tautomerization of the Schiff base
has been investigated in details. The transition state of the
Enol-Keto tautomerization was named as TS1. Optimized
geometry of the TS1 is shown in Fig. 7. Selected-structural
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Table 2: The binding affinity values of different poses of the Schiff base 3a.
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( Mode Binding Affinity (kcal/mol) RMSD lower bond RMSD upper bond \
0 -8.9 0 0
1 -8.4 4.544 2.693
2 -7.6 7.969 4.303
3 -75 32.88 30.954
4 -7.2 32.66 30.069
5 -7.1 13.3 8.04
6 -6.9 31.927 29.513
7 -6.8 28.018 23.927
k 8 -6.8 30.874 27.068 j
4 » )
‘ @ p 1416
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Fig. 6: Optimized geometries for the Enol and Keto tautomers of the Schiff base 3a.

parameters of the investigated species are gathered
in Table 3. The calculated-structural parameters are good
in agreement with the data reported for the similar
compounds [48-51]. In the optimized geometry of the
Enol tautomer, the proton of the phenolic -OH group
(H17) is engaged in the hydrogen-bond interaction with
the N2 imine nitrogen. The O1H17...N2 distance is 1.74 A.
This intramolecular H-bond forms a six-membered cycle.
In comparison with the Enol tautomer, in the Keto
tautomer, the H17 proton transfers from O1 atom of the
phenolic —OH group to N2 atom of the azomethine
nitrogen via an Intermolecular Proton Transfer (IPT).
Going from the Enol to the Keto tautomer, some
structural parameters have been changed, important of
which are: The N2... H17 and Ol...H17 distances are
1.74 and 0.99 A in the Enol tautomer, respectively, which
change to 1.00 and 1.64 in the Keto tautomer,
respectively. These parameters are 1.16 and 1.35 A
in the optimized geometry of the TS1 species. The C20-O1

Research Article

bond length decreases form 1.35 to 1.28 A, whereas
the C17-N2 bond length enlarges from 1.30 to 1.33 A.
These bond lengths are 1.30 And 1.33 A in the TS1,
respectively. Since, in the optimized geometry of the TS1
(Fig. 7), the formation of the N2-H17 and breaking of
the O1-H17 bond is clear.

In methanol solution, the Enol tautomer is more stable
than the Keto tautomer by 27.41 kJ.mol. The activation
energy of the Enol-Keto tautomerization is 28.56 kJ/mol
in the methanol solution. Considering the equilibrium
between the Enol and Keto tautomers, the value of
the tautomeric equilibrium constant (K) is calculated
by using

AG
K= exp(-ﬁj 1)

Where AG, R, and T are the Gibbs free energy
difference between the two tautomers, the gas constant
and temperature, respectively. In the methanol solution,
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Table 3: Selected structural parameters of the optimized geometry 3a.
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Bond length (A) Angle (°) Dihedral angle (°) \
Atoms
Enol Keto | TS1 Enol Keto TS1 Atoms Enol Keto TS1
C3-N2 1.38 | 1.38 | 1.38 | N2-C3-N1 118.7 120.0 119.5 N1-C3-N2-C17 | -1625 | -159.3 | -166.0
C17-N2 1.30 | 1.33 | 1.33 | C3-N2-C17 27.8 26.0 126.8 | C3-N2-C17-C19 | -177.0 | -176.4 | -1775
C17-C19 145 | 140 | 1.41 | N2-C17-C19 | 1219 121.0 1193 | N2-C17-C19-C21 | -179.4 | -180.0 | -179.9
C19-C20 142 | 146 | 145 | C17-C19-C21 | 1193 119.8 1209 | N2-C17-C19-20 0.8 0.1 0.2
C20-01 1.35 | 1.28 | 1.30 | C17-C19-C20 | 122.03 119.9 1189 | C17-C19-C20-01 | -0.3 06 0.6
01-H17 099 | 164 | 1.35| C19-C20-01 | 1215 121.2 120.3 | C19-C20-01-H17 0.6 0.9 0.7
C3-C4 141 | 140 | 140 | C20-01-H17 | 107.3 103.4 1032 | C22-C20-01-H17 | -179.5 | -179.3 | -179.5
C4-C25 141 | 141 | 141 | C22-C20-01 | 1186 122.2 122.2 N2-C3-N1-C18 7.2 6.6 6.2
C25-N3 117 | 117 | 117 | C3-N1-C18 123.4 124.0 123.8 C4-C3-N1-C18 | -1752 | -1744 | -174.8
C3-N1 1.37 | 137 | 1.37 | C3-N1-C2 110.1 109.4 109.6 N1-C3-C4-C25 | -174.2 | -174.7 | -175.2
C18-N1 146 | 146 | 146 | C3-C4-C25 126.0 125.9 126.0 C3-C4-C25-N3 121.2 0.4 4.9
C2-N1 1.39 | 1.39 | 1.39 | C4-C25-N3 179.8 179.6 179.7 C3-C4-C1-C11 | -177.7 | -177.9 | -178.0
C2-C5 148 | 148 | 148 | C1-C4-C25 126.0 126.7 126.4 | C4-C1-C11-C12 | -48.7 -48.6 -48.7
C5-C7 141 | 141 | 141 | cC4C1-C2 106.6 106.8 106.7 C4-C1-C2-C5 1786 | 179.1 178.9
C5-C6 141 | 141 | 141 | C1-C2C5 129.2 1295 129.3 C1-C2-C5-C7 1241 | 1238 1233
c1-c11 148 | 148 | 148 | c2-c1Ccl1 1275 127.7 127.6 N1-C2-C5-C7 57.3 57.7 -58.2
C11-C12 141 | 141 | 141 | c1-C11-Cl2 | 1205 1205 1205 C5-C2-N1-C18 -39 -4.8 4.2
C11-C13 141 | 141 | 141 | c1-C11C13 | 1211 121.0 1210 | C11-C13-C5-C7 | -150.2 | -149.7 | -150.1
N2-H17 174 | 100 | 116 | C2-C5-C7 121.2 121.2 121.2 C5-C2-C1-C11 -3.8 34 34
K C2-C5-C6 120.1 120.1 1200 | C11-C1-C4-C25 | -33 3.2 -z.u
/ \ In the optimized geometry of the Enol tautomer,
w the cyanide and methyl substituents are roughly in the same
st . . .
& & e c“;;ﬂ plane with the pyrrole ring. But, two phenyl substituents
«@ Py @ L S g3 make dihedral angles of about 50° with the pyrrole ring.
& p T @ The azomethine group (C17-N2) is in the same plane
c24 . . . -
o P \’,—ez\ ] with the benzene ring, while makes a dihedral angle of
cs % . .
¢ @ 1350 o ® about 20° with the pyrrole ring. For example,
¢ % gL the calculated C20-C19-C17-N2, C17-N2-C3-C4, and
e .
® i C17-N2-C3-N1 dihedral angles are 0.8, 20.7 and -162.5°,

J

Fig. 7: The optimized geometry of TS1 for 3a

the calculated AG between two tautomers is 25.44 kJ/mol.
By using the Eq. (1), amounts of the Keto tautomer
in methanol solution of the titled Schiff base is predicted
to be negligible.
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respectively.

Theoretical NMR spectral analysis

Theoretical assignment of the spectra is a quantitative
framework for identification of the chemical compounds.
The DFT computed *H NMR and 3C NMR chemical
shifts (3) for the Enol tautomer of the titled compound are
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Table 4: Experimental and DFT computed *H NMR chemical shifts of 3a species (g, ppm in CDCl3).

4 H-NMR 13C-NMR )
H-NMR
Atom position Exp. Theo. Atom position Exp. Theo.
Enol Keto
H17 12.33 12.57 Cl 132.92 132.11 18.08
H18 9.36 9.51 C2 134.74 134.21 9.19
H4 7.57 7.89 C3 159.92 160.00 8.23
H6 7.56 7.75 C4 130.77 131.03 8.02
H8 7.56 7.75 C5 121.21 120.96 8.11
H14 7.54 7.60 C6 129.16 129.31 7.64
H16 7.54 7.60 c7 129.16 129.22 7.86
H12 7.50 7.49 Cc8 128.86 128.74 7.86
H3 7.49 7.42 C9 128.86 128.80 7.76
H5 7.49 7.42 C10 117.53 117.49 7.76
H9 7.28 7.32 Cl1 129.07 129.00 7.64
H10 7.27 7.23 C12 129.38 129.33 7.53
H19 7.26 7.21 C13 129.38 129.35 7.15
H15 7.07 7.13 Cl4 131.35 131.37 6.92
H1 7.04 7.04 C15 131.35 131.39 7.37
H7 7.01 6.89 C16 117.20 117.15 721
H12 3.60 3.83 C17 145.52 145.45 3.80
H13 3.60 3.72 C18 31.65 30.97 3.80
H11 3.60 354 C19 120.17 120.12 3.97
C20 160.00 161.42
c21 129.84 129.79
C22 124.8 124.85
C23 127.47 127.39
C24 130.37 130.35
\_ C25 79.46 80.20 J

gathered in Table 4 with the experimental values for
comparison. The atoms are numbered in Fig. 6.

The DFT-calculated chemical shifts of the Enol tautomer
are good in agreement with the experimental values,
confirming the suitability of the optimized geometry for the
Enol tautomer as the favorite isomer of the titled Schiff base.
A signal at about 1257 ppm is attributed
to the phenolic proton, H17 [52]. Unlike to the Enol
tautomer, the DFT-chemical shifts of the Keto tautomer
are far from the experimental ones. For example, the H-
NMR chemical shift of the H17 atom predicated
to be 18.08 ppm, which is significantly higher than
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the experimental values. The experimental 13C NMR data
exhibited 21 carbons for 3a which were good in
agreement with the theoretical values. For instance,
in the experimental spectrum, a signal at about 160.00 ppm
was related to the carbon of the phenalic group (C20), which
was an agreement with its theoretical value about 161.42 ppm.

NBO analysis

The NBO analysis plays a significant role in the
investigation of the intra- and intermolecular bonding
interactions and exploring of the charge transfers
in chemical compounds [53, 54]. The Enol tautomer of

67



Iran. J. Chem. Chem. Eng.

the species 3a is more stable than the Keto one. Since
the NBO analyses have been performed on the Enol
tautomer.

Electron delocalization between donor NBO(i) and
acceptor NBO(j) orbitals causes to the stabilization
energy of hyper conjugative interactions (E(2)). Amount
of the E(2) is a significant criterion for determining the
degree of interaction between electron donor and electron
acceptor orbitals. The greater the E(2), the greater the
electron transferring tendency from an electron donor to
an electron acceptor, resulting in more electron density
delocalization, which leads to more stabilization of
the system, consequently. The value of E(2) is calculated
using

2
E(2) =-q; & )
€j - &

Where q;, Fij, ¢, and & parameters are the donor
orbital occupancy, the off-diagonal NBO Fock matrix
element, energies of the acceptor and donor orbitals,
respectively. The lower gj-g energy difference results
in higher stabilization energy (E(2)). The parameters of Eq.(2)
have been obtained from the second-order perturbation theory
analysis of Fock matrix in  the NBO basis.
The selected results for the Enol tautomer of the species 3a
are gathered in Table 5.

As seen, the n——>sx transitions of the aromatic

rings increase the stability of the investigated compound.
The NBO interactions imply the existence of a strong
01-H17...N2 hydrogen bond interaction, which stabilizes
the compound about 175.35 kJ/mol as the stabilizing energy.
The computed charge on the O1, H17 and N2 atoms are
-0.71, +0.53 and -0.55, respectively, confirming strong
intramolecular H-bond between the N2 and H17 atoms.
The strongest interaction inducing the highest

stabilization energy is related to the n(O1) = LP " (H17)
electron donations.

The 3D-distribution map for the highest-occupied-
molecular orbital (HOMO) and the lowest-unoccupied-
molecular orbital (LUMO) of the Enol tautomer
are shown in Fig. 8. The HOMO orbital is localized on the
right side of the molecule, involves the azomethine group.
But, the LUMO orbital is localized on the left side of
the molecule, mainly on the two phenyl substitutions of
the pyrrole ring.
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The energy difference between the HOMO and
LUMO frontier orbitals is one of the important
characteristics of molecules, which plays has an
important role in such cases as electric properties,
electronic spectra, and photochemical reactions. The
value of the energy gap between the HOMO and LUMO
orbitals of the Enol tautomer is equal to 3.31leV.
This large band gap demonstrates that the species 3a
is stable [55, 56].

The UV-Vis spectrum

The TD-DFT//B3LYP/6-31+G(d,p) calculations
were done on the fully optimized ground-state structure of
the Enol tautomer to predict its low-lying excited states.
The experimental UV-Vis spectrum of the compound 3a
was recorded in DMSO solution. The TD-DFT calculation
predicts an intense electronic transition at Amax = 425.5 nm,
which is well in agreement with the experimental data
(Amax= 425.0 nm) (Fig. 9). This maximum absorbance
is corresponding to the electronic transition from the ground
state to the first-excited state of the molecule. In other
words, it is related to the HOMO __,LUMO electron
excitation.

CONCLUSIONS

In this work, some new Schiff bases of a pyrrole
derivative have been synthesized and characterized using
several spectroscopic methods. The fluorescence
spectroscopy  performed in  different  solvents,
temperatures, and pHs. The results showed the highest
fluorescence emission intensity is for DMSO at 15°C and
pH = 7.5 for 3a species. The molecular docking studies
revealed that the compound 3a forms a stable complex
with polo-like kinase 1 as a target and gives a binding
affinity value of -8.9 kcal/mol.

In addition, the geometry, tautomerism and spectral
behavior of a Schiff base 3a have been computationally
investigated employing the DFT approaches. Geometries
of the Enol and Keto tautomers as well as Kinetics
of its tautomerism have been determined theoretically.
In methanol solution, the computed electronic and Gibbs
free energies show that the Enol tautomer of the species
3a is more stable than the Keto one. In addition, unlike
to the Keto tautomer, the computed *H-NMR chemical
shifts as well as the predicted Amax in UV-Vis spectrum of
the Enol tautomerare are in good agreement with
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Table 5: The second-order perturbation theory analysis of Fock matrix in NBO basis for Enol tautomer of the 3a

325 345 365 385 405 425 448 465 485 505

A(nm)

Fig. 9: The experimental and theoretical UV-Vis spectra.
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Donor NBO (i) Acceptor NBO (j) Ej-Ei(a.u.)? E(2) (kcal/mol)®
BD(1) C1-C2 BD*(2) C3-C4 2.32 17.17
BD(2) C3-C4 BD*(2) C1-C2 0.30 19.97
BD(2) C5-C7 BD*(2) C9-C10 0.28 19.92
BD(2) C6-C8 BD*(2) C9-C10 0.28 20.42
BD(2) C9-C10 BD*(2) C5-C7 0.28 20.54
BD(2) C11-C12 BD*(2) C14-C16 0.28 20.24
BD(2) C13-C15 BD*(2) C14-C16 0.28 19.89
BD(2) C14-C16 BD*(2) C11-C12 0.28 20.21
BD(2) C14-C16 BD*(2) C13-C15 0.28 19.93
BD(2) C17-N2 BD*(2) C3-C4 0.35 17.18
BD(2) C19-C21 BD*(2) C17-N2 0.25 24.28
BD(2) C21-C23 BD*(2) C22-C24 0.28 21.89
BD(2) C22-C24 BD*(2) C19-C20 0.27 23.50
LP(1) N1 BD*(2) C3- C4 0.28 44.54
LP(2) 01 BD*(2) C19-C20 0.33 35.14
4 )
HOMO LUMO
- J
Fig. 8: The HOMO and LUMO frontier orbitals for the Enol tautomer of the species 3a.
07 the experimental data. Since the species 3a could exist as
06 oo the Enol tautomer. In the optimized geometry of the Enol
05 tautomer, two phenyl moieties lie out of the plane of
3 the molecule. The azomethine group lies in the plane of
i 04 the benzene ring.
g 03 Based on the NBO analysis on the Enol tautomer of
< 02 the species 3a, the t—>7  transitions of the aromatic
0.1 fheoretica rings increase the stability of 3a species. Also, computed
0 stabilization energies and atomic charges indicate strong

intramolecular H-bond (O1-H17..N2), which stabilizes
the compound considerably. This H-bond affects
considerably the *H-NMR chemical shift of the H17
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phenolic proton, too. Shapes of the HOMO-LUMO
frontier orbitals have been determined. High energy gap
confirms the stability of the species 3a.
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