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ABSTRACT

In this work, (E)-N-(4-Fluoro-3-Phenoxybenzylidene)-substituted benzenamines (1-6) have been synthesized and
characterized by IR, ™ and *C NMR spectral studies.Density functional theory (DFT) has been used tooptimize
geometrical parameters, atomic charges, vibrational wavenumbers and intensity of vibrational bands.The molecular
propertiesHOMO-LUMO, MEP and atomic charges of carbon, nitrogen and oxygen were calculated using
B3LYP/6-311G (d, p) basis set. The polarizability and first order hyperpolarizability of the title Compounds were
calculated and interpreted.

Keywords: Substituted Benzenamines, DFT, HOMO — LUMO enerdi#sP, NLO

INTRODUCTION

Compounds containing an azomethine group (-CH=Rwn as Schiff bases, are formed by the condasafia
primary amine with a carbonyl compound. Schiff lzasé aliphatic aldehydes are relatively unstablaectvrare
readily undergoes polymerization while those ofnaaitic aldehydes having an effective conjugatiortesysare
found to be more stable. Schiff bases have beeortezpto play a very important role in many biokaji and
chemical reactions, due to the presence of thegiiiitkage. They are facing a growing interest dugheir various
applications asanticancer [1-5], antibacterial [6-8ntiviral [10-12], and antifungal [13-15]. Intraolecular
hydrogen bonding between OH hydrogen and C=N rémogtoms of Schiff bases determines the propeofies
various molecular systems and plays a significale m many biochemical mechanisms [16]. C=N lirdag the
azomethinederivatives is essential for biologicelivity [17]. The proton transfer is known to beucialfor
physicochemical properties and practical applicatad Schiff bases, this process has beenwidelyieduih
literature [18]. Schiff bases have been used eitelysas ligands for the synthesis of novel orgaatatic
compounds [19-21]. Inspite of these synthetictytilschiff bases have good electronic, linear amatimear optical
properties [22—-24]. Several theoretical analyse® lteeen carried out for isomeric forms of theseifSbases [25].
The present investigation is focused on the syighasd theoretical investigation of the moleculaucures and
their vibrational frequencies analysis and chargésiewly synthesized Schiff bases derived from4eFdu3-
phenoxybenzaldehyde having extended conjugatioMB0 LUMO energies, dipole moments, polarizabilitawl
first hyperpolarizabilities were determined by dgn&inctional theory (DFT) method.

MATERIALS AND METHODS

2. EXPERIMENTAL DETAILS

GENERAL PROCEDURE FOR PREPARATION OF (E)-N-(4-FLUOR O-3-PHENOXYBENZYLIDENE)-
SUBSTITUTED BENZENAMINE

The Schiff bases were obtained by refluxing equangjuantities of the substituted aromatic amin&Jubro-3-
phenoxybenzaldehydend few drops of glacial acetic aci@).01 mole of each in 25 mL ethanol) on a watehbat
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for 5-6 hrs[26]. After the completion of the reaction, as monitolsdTLC, the resulting solution was cooled to
room temperature, and then poured in crushed itle eznstant stirring. The precipitate was filtemt washed
with cold water. Then this was recrystallized usétganol to obtain pale yellow solid. The analytiead spectral
data of synthesized Schiff bases are present€&dlite-1.

NH, CHO
0
7
/\R 0
F
EtOH
o 0
70-80°C Reflux, Shrs
/ ‘
/\ / (0]
R N
(1-6) F

R= 4-Cl, 4-Br, 4-OCH, 3-NO,, 4-NO,, 2-NO,- 4-OCH;

Table - 1 The physical analytical, melting point ad spectral data of (E)-N-(4-Fluoro-3-Phenoxybenzytiene)-substituted benzenamines

(1-6)
) o IR HNMR | C NMR
Entry X M. F. M. W. | Yield (%)| m.p.(°C C=N CH=N C=N
1 4-Cl GgHi:CIFNO | 325.8 88 60 -61 1589.34 8.353 159.22
2 4-Br GgHi1:BrFNO | 370.2 91 63 - 64 1589.34 8.29¢ 159.21
3 4-OCH CycH1cFNO, 321.3 87 66 - 68 1589.34 8.398 158.51
4 3-NO CicH1sFN,O; | 336.3 83 81- 82 1591.277 8.398 160.56
5 4-NO CicH1sFN,O; | 336.3 91 96 - 97 1589.3¢ 9.892 159.2
6 2-NO-4-OCH; | CyHisFN,O, | 366.1 85 92 - 93 1598.99 9.887 156.09

2.1 Spectral measurements

Infrared spectra (KBr, 4000-400 dnhave been recorded on Avatar-330 FT-IR spectrmpheter. The NMR
spectra of all synthesized compounds have beemdedmn Bruker 400 MHz spectrometer operating & M®iz
for recording'H spectra and 100 MHz fdfC spectra in CDGlsolvent using TMS as internal standard.

2.2 Computational studies
All calculations were done at density functionag¢dly (DFT) level on a personal computer using Gans83

package using B3LYP/6-311G(d,p) basis [g8t]. The polarizabilities and hyperpolarizabilities revedetermined
from the DFT optimized structure by finite field mpach using B3LYP/6-311 G (d, p) basis set. Vibral
frequencies and Mulliken charges have also chaiaettusing the B3LYP/6-311 G (d, p) available iauSsian-03

package.
RESULTS AND DISCUSSION

3.1 Molecular geometry
The optimized structural parameters such as bargitis, bond angle and dihedral anglelof(6)were determined

at B3LYP level theory with 6-311G (d, p) basis artl are presentedTiable - 2 Optimized structure of (E)-N-(4-
Fluoro-3-Phenoxybenzylidene)-substituted benzenasnfii6) shown inFig-1. Overall, the C9-C8-N7 bond angles

20
Scholars Research Library



M. Sekar et al Arch. Appl. Sci. Res., 2016, 8 (9):19-29

of compound 1-6) illustrate the double bond character and tHehgpridization of the imine carbon atom and the
torsion angles [C6-N7-C8—C9 of -177.6] in title quoands, indicate an almost planar E-configuratidth wespect

to the imine C=N bond. As a result from optimizeédistural parameters such as bond lengths, bondignediral
angles, we can conclude the E-configuration witpeet to the imine C=N bond is more stable compound

Table-2  Selected bond lengths, bond angles and difval angles of (E)-N-(4-Fluoro-3-Phenoxybenzyliderjesubstituted benzenamines

(1-6)

Bond length (&)| XRD? 1 2 3 4 5 6
c1-Cc2 1.395| 1.393] 1.39 1.39p 1.386 1.488 1.407
Cc2-C3 1.378| 1.394[ 1.39¢ 1.39p 1397 1495 1.398
C3-CI3 1.758 1.911] 1.364 1.46f7
C3-C4 1.397| 1.393  1.404 1394 1.3p3  1.393
C4-C5 1.4 1.39 1.393 1.384 1.399 1.3p5 1.407
C5-C6 1.386| 1.406( 1.40] 1.40p 1.404 1403 1.382
C6-N7 1.419 1.405 1.404 1.404 1401 1.404 1.388
N7-C8 1.257 1.251 1.25] 1.2 1293 1.252 1.348
C8-C9 1.387| 1.456| 1.45f 1.457 1.4%2 1452 1455
C9-C10 1.409 1.409 1.409 14409 1.4p2 1.409

C10-C11 1.39 1.39 1.39 1.34 1.394 199

Cl1-C12 1.39 1.391 1.391 1.3 1.35 1.391
C12-C13 1.391| 1.401 1.4 1.403 1.4p8 1.402
C12-F12 1.342| 1.344 1.343 1341 1342 1342
C13-C14 1.393 1.399 1.391 1.393 1.389 1.393
C14-015 1.371| 1371 137p 139 1369 1.472
015-C16 1.387 1.387 1.38p 13499 1.393 1.387
C16-C17 1.395 1.397 1.39p 1.397 1.394 1.497
C17-C18 1.395 1.395 1.391 1395 1.396 1.395
C18-C19 1.396 1.394 1.39¢6 1397 1.396 1.396
C19-C20 1.396| 1.399 1.39p 1.396 1.396 1.496
C20-C21 1.395 1.395 1.39p 1395 1.396 1.395
C21-C16 1.397| 1.399 1.39f 1394 1.394 1495

Bond angle (°)

C1-C6-N7 118.8 123.2 1232 1238 1231 13 1213
C9-C8-N7 122.6| 1279 127. 1270 12713 126 1218
C6-N7-C8 117.8 127.8 127. 12883 12714 121 180
C8-C9-C10 1222 1214 1216 1217 1215 1209 1p1
C8-C9-C14 119.2 118.7 118.§ 1188 114.7 119.1 19

C12-C13-015 116.8 116. 1171 1145 11p.7 116.8

C14-C13-015 124.5 124. 124 12419 1257 1244

F12-C12-C13 118.7] 118.7 1189 11846 11B3 1186

C17-C16-015 116.7] 1167 116k 1217 11p3 1166

C21-C16-C15 122.2) 122.2 1228 11y 1193  12p.3
Dihedral(®)

C9-C8-N7-C6 -173.4  -179. -1798  -1799 -179.5 -1j70177.6

C14-C9-C8-N7 0.4 0.7 0.6 0.9 0.6 0. 0.

C10-C9-C8-N7 0.2 0.7 0.8 0.3 0.8 0.1 1401

C8-N7-C6-C1 0.6 0.6 0.7 -0.4 1.8 0.9 4

H8-C8-N7-C6 4 0.2 0.2 0.1 0.5 0.9 0.4

H8-C8-C9-C10 -131 -179. -179p  -1797  -179.2  -1j70165.9

H8-C8-C9-C14 -49 0.3 0.3 -0.3 0.4 0.4 1201
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(1) 2

(4)

(5 (6)

Fig -1 Optimized structure of (E)-N-(4-Fluoro-3-Phenoxybenzylidene)-substituted benzenamines (1-6)

3.2 Mulliken analysis

The Mulliken atomic charges of synthesized molezalglculated by the same basic set and are tabtutaieable-

3. Results from Mulliken charge analysis shows #ikthe hydrogen atoms have a net positive charge.obtained
atomic charge shows that the H2 atom has biggetiymatomic charge than the other hydrogen atdrhss is due
to the presence of electronegative group. In otddnave an easy look at the charge changes a codinam is
illustrated agrig-2. FromTables-3 we can observed that most of the carbons haveggtive values compare to
C6, C8, C9, C12, C13, C16. This is due to adjaetatdtronegative atoms. These data clearly showg1hg) are
the mostreactive towards substitution reactions.
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Table-3Mulliken atomic charges of (E)-N-(4-Fluoro-3Phenoxybenzylidene)-substituted benzenamines (1-6)

Atom Charge (a. u Atom Charge Atom Charge Atom Charge Atom Charge
Atom Atom (a. u) Atom (a. u) Atom (a. u) Atom (a. u)
1 2 3 4 5 6
C1 -0.089 -0.073 C1 -0.104 C1 -0.087 CL -0.081 ¢1 .23®
H1 0.103 0.104 H1 0.094 H1 0.109 H] 0.141 N1 0.357
C2 -0.077 -0.107 C2 -0.14 C2) -0.108 Cp 0.223 Q1 379.
H2 0.113 0.112 H2 0.088 H2 0.14 N34 0.392 oL -0.4
C3 -0.091 0.056 C3 0.356 C3 0.25 op -0.396 d2 .14
Cl -0.21 -0.128 03 -0.516 N3 0.384 oz -0.396 Hp 136.
C4 -0.089 -0.095 C3 0.192 03 -0.4 C -0.089 43 .35
C5 -0.07 -0.092 C4 -0.133 03 -0.4 H 0.137 g3 -0.51
C6 0.258 0.261 C5 -0.078 C4 -0.094 Cf -0.102 ¢3 08D.
N7 -0.485 -0.486 C6 0.254 C5) -0.108 Ch -0.073 q4 .109
C8 0.142 0.143 N7 -0.484 C6) 0.282 Cé 0.253 45 .09
C9 0.032 0.032 C8 0.13 N7 -0.491 N] -0.494 d6 0.261
C10 -0.085 -0.085 C9 0.035 C§ 0.156 CB 0.155 N7 44-0.
Cil1 -0.48 -0.148 C10 -0.086 C9 0.027 Ccp 0.027 8 13 0.
C12 0.328 0.328 C11 -0.149 C1p -0.082 C10 -0.092 CO  0.025
F12 -0.275 -0.275 Ci12 0.326 Cil -0.147 Cl1 -0.151 10 ¢ -0.088
C13 0.267 0.267 F12 -0.278 Ci1p 0.331 Cl2 0.335 ¢11 -0.148
Cil4 -0.117 -0.117 C13 0.262 F1? -0.272 F12 -0.274 12 ( 0.328
015 -0.567 -0.567 C14 -0.116 Ci1B 0.27 C13 0.28 H12 -0.275
C16 0.309 0.309 015 -0.568 Cip -0.117 Cl4 -0.122 3 ¢1 0.266
C17 -0.11 -0.11 C16 0.315 01% -0.566 015 -0.569 di4 -0.117
C18 -0.094 -0.094 C17 -0.105 Cip 0.304 C16 0.29 Q15 -0.567
C19 -0.082 -0.082 C18 -0.095 ciy -0.098 C17 -0.9 6 d1 0.31
C20 -0.095 -0.095 C19 -0.084 Cig -0.095 C18 -0.096 | C17 -0.102
Cc21 -0.095 -0.101 C20 -0.093 Cip -0.081 C19 -0.078 | C18 -0.095
Cc21 -0.112 C20 -0.094 C2 -0.096 C19 -0.083
Cc21 -0.108 C21 -0.09 C2 -0.093
C21 -0.11
23
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Fig-2 Mulliken charges of (E)-N-(4-Fluoro-3-Phengybenzylidene)-substituted benzenamines (1-6)
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3.3Molecular electrostatic potential analysis

Molecular electrostatic potential (MEP) is a helpfiescriptor used to visualize the electrophilicnarcleophilic
reactive sites of molecules [28] and to show thectebstatic potential regions in terms of color ding.
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Fig-3 Molecular electrostatic potential diagramsf (E)-N-(4-Fluoro-3-Phenoxybenzylidene)-substituie benzenamines

(1-6)

In MEP mapFig-3, different values of the electrostatic potentigd eepresented by different colors: red and blue
represents the regions of the most negative anitiveoslectrostatic potential whereas green repitsstne region of
zero potential. Potential increases in the orderenf < orange < yellow < green < blue. The pasitiegions are placed
around all hydrogen atoms, which are related tewptlilic reactivity [29].
compounds 1-6) exhibit a negative charge, which are donor atdfnsm these data we conclude from this our title

molecules are ready for both electrophilic and @ohilic reactions.

3.4Frontier molecular orbital analysis

As seen from HOMO-LUMOFig-4, in the title compoundsl(6), the electron cloud distribution in HOMO is
localized on whole benzene ring, while the LUMOIadsalized mainly on the azomethine and azomethide s
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benzene group. The difference of the charge separbetween the HOMO and LUMO of those structuraypl
important role in the internal charge transfer (ICHurthermore, the difference on the valueaBfof compoundsl(6)
was observed, which has different substituent aRlar 3- sites of the phenyl core.

For a system having lower value ME makes it more reactive or less stable and alsaatgirect influence on the
electron density difference for the stabilizing I1@focess. In this sense, it seems that the seleatia compoun®
containing substituent has a beneficial effect agnitre designed candidate. It may be due to theepoe of both
electron-donating and electron-withdrawing pregethe phenyl core.

As a result, the trend &E gap of inspected compounds becoe4<5<3<2 < 1. We can observe from HOMO-
LUMO Tables, the introduction of different subséiti at 1or 2 or 3- sites of the phenyl core sigaifily change
the AE value.

Chemical hardness is related with the stability agaktivity of a chemical system, it measures #mstance to
change in the electron distribution or charge fiemdn this sense, chemical hardness correspomdbe gap
between the HOMO and LUMO. The larger the HOMO-LUM®ergy gap, the harder and more stable/less
reactive the molecule. The higher value A represents more hardness or less softness ompocmd, thus
compound 1 referred as hard molecule when compared2t6 [30]. Another global reactivity descriptor
electrophilicity index §) describes the electron accepting ability of tystems quite similar to hardness and
chemical potential. High values of electrophilicitydex increases electron accepting abilities &f tholecules.
Thus, electron accepting abilities of compourid§)are arranged in following ordet>6 >5 >1 = 2 >3.

Table-4 Calculated energy values (eV) of (E)-N-(44&oro-3-Phenoxybenzylidene)-substituted Benzenamisg1-6) in gas phase

B3LYP / 6-311 G(d,p) 1 2 3 4 5 6
Eromo -6.05 -6.03 -5.56 -6.38] -6.36 -6.04
ELuomo -1.84 -1.84 -1.56 -2.59 -2.39 -2.41
ELUMO-HOMO 4.21 4.19 4 3.78 3.97 3.63
Eromo-1 -6.37 -6.35 -6.12 -6.75] -6.86 -6.3p
ELuomo-1 -1.75 -1.75 -1.41 -2.14 -2.01 -1.85
Equmo1)- (Homo-1) 4.62 4.6 4.71 4.6 4.85 4.44
Electrinegativityg) -3.95 -3.94 -3.56 -4.49 -4.38 -4.2p
Hardness() 2.11 2.09 2 1.89 1.99 1.82
Electrophilicity index{) 3.7 3.7 3.16 5.32 4.82 4.9
Softness(s) 175.7 176.48 184.p8 195{64 186.29 8303.
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Fig-4 Molecular orbitals and energies for the HOMOand LUMO in gas phase (1 - 6)

3.4 Non-linear optical activity

NLO is important property providing key for areascls as telecommunications, signal processing artitabp
interactions [31,32]. A large variety of NLO switehexhibiting large changes in the first order ngpkarizability
(B), the molecular second-order NLO response. In tbistext, the design of NLO switches, that is, rooles
computed for their first hyperpolarizability by edhate their substitution at 1 or 2 or 3- sitephienyl core.

FromTables-5 the order of dipole moments fdf6is5 >4 > 6 > 3 > 1> ZThe dipole moment in a molecule is an
important property that is mainly used to study th&ermolecular interactions involving the non-beddtype
dipole—dipole interactions. Polarizability is proponal with molecular volume. The bigger molecyterarizability
means the more interaction with the electric fiefldight. Thus, molecular electronic charge digitibns have been
rearranged by interaction with electric field aftt.
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As the results mentioned previously, similar ddafixegs may have significance nonlinear optical propen this

sense a series of new molecules possessing nantipeal property are designed which includesBz),NG,, and

OCH; groups at 1 or 2 or 3- sites of the phenyl corecokding to hypolarizabilitytables, all values adch

mentioned molecules are greater than their urepvflbes. Therefore, NLO properties of our compaiack better
than urea. Results from Tables, the general ranbdigLO properties should be as follows:5>3>2>6 >1. With

results in hand, molecuteis the best candidate for NLO properties.

To sum up, it can be concluded that the presenaa efectron withdrawing group (nitro) in theeta position at the
phenyl ring contributes to decrease the dipole nmagsjenean polarizability and first order hyperpidability of the
(1-6) probably because of an inductive competition leetwvthe nitro group and the electronic densitylalbbs in
the molecule. The above results show thaf)(can be best material for NLO applications.

Table-5 Non-linear optical properties of (1-6) caldated using B3LYP method using 6-31G (d, p) basigt

NLO behavior 1 2 3 4 5 6

Dipole momentg) D 1.447| 1.384] 2.673 498 5.406 4918

Mean polarizability ¢) x10%esu 2 2.1 1.9 2.2 2.2 2.1

Anisotropy of the PolarizabilityNo) x10-24 esu] 4.75 4.19 4.61 981 6.5 289

First order polarizabilityfp) x10%esu 1.03] 213] 219 362 235 211
CONCLUSION

Structures of (E)-N-(4-Fluoro-3-Phenoxybenzylidesepstituted benzenaminek-§) were analyzedby IR and
¥C NMR spectroscopy. In addition, molecular geometng Mulliken charge analysis predicts the mosttiea
parts in the molecule. The electronic transitiomsl &tates were investigated computationally andvsbood
agreement with the experimental data. The calallB®@MO and LUMO energies were used to analyze hzege
transfer within the molecule. The calculated dipmlement and first order hyperpolarizability resuitdicate that
the molecule has a reasonably good nonlinear dftedzavior.
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