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ABSTRACT

A new chalcone (E)-3-(4-(dimethylamino) phenyl2ihydroxyphenyl) prop-2-en-1-one was synthesized an
characterized by elemental analyses, FT-IR,NMR, UV-Vis spectroscopy and single crystal X-r@uantum
chemical calculations have been performedD&T level of theory using B3LYP functionalda6-311G (d,

p) as basis set. The geometrical parameterseottimpound obtained from XRD studies are in agreemith the
calculated DFT parameters. The calculafétiNMR chemical shifts using gauge including atoonigitals (GIAO)
approach are in good conformity with the observé@mical shifts. Potential energy distribution (PEf@) the
normal modes of vibrations was done using Gar2pedgrnam. The time dependent density functiottaory
(TD-DFT) was used to assign the nature of dffe electronic transitions within moleculegas as well as in
solvent phase. Non linear optical (NLO) behaviotitdé compound was investigated by the computéakevarf first
hyperpolarizability §o). Also, the solvent induced effect on the NLO eriigs were studied by using self-constitent
reaction field (SCRF) method using polarised caniim model (PCM). Stability of molecules as a restiltyper-
conjugative interactions and electron delocalizatisere analyzed using NBO analysis. Intramolecirtaractions
were analyzed by AIM approach. The chemical redgtdescriptors were calculated to study the restsites
within molecule.

Keywords: XRD, PED; TD-DFT; NLO; NBO

INTRODUCTION

Chalcones are open chain flavonoids, either natorasynthetic, with two aromatic rings attached dyp-
unsaturated carbonyl group [1-3]. They are syn#egksby condensing aromatic ketones with aromatietaides in
the presence of appropriate bases through Claisemiit condensation. They acts as precursors feorlaids in
higher plants and displays wide variety of pharntagical effects including, anti-inflammatory [4], tamalarial
[5], anti-leishmanial, anti-cancer [6], antagiogef¥] and anti-tumor [8]. For the synthesis of fiy@}, six-[10] and
seven-membered [11] heterocyclic compounds chakcane used as valuable intermediate. Also theypaeable
new materials for optical sensors [12], UV-absanptfilters [13], ultra-fast optical non-lineariti¢s4] and non-
linear optical (NLO) response [15]. NLO materiats/a been an area of interest to the chemists antgears due
to their future potential applications in the field§ optoelectronic such as optical communicatiopfical
computing, optical switching and dynamic image pssing [16]. Hyperpolarizability is quite useful thoin
understanding the relationship between the moleattacture and non-linear optical properties, Whicovides a
guideline to experimentalists for the design andtlsgsis of organic NLO materials.

In the present paper we report the synthesis, argitucture, weaker interactions, spectroscopilyais and
chemical reactivity of the title compound using esimental and quantum chemical approaches. Quaciemical
calculations have also been performed to analyeembdynamic parameters, first static hyperpolaridgband
NBO analysis. AIM approach has extensively beediegpo classify and understand hydrogen bonditgrattions
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and ellipticity in the synthesized molecule. Locehctivity descriptors were calculated to study rtbactive site
within the molecule.

EXPERIMENTAL SECTION

2.1. Material and methods

All the reagents used are of analytical grade aadkwsed as supplied. The solvent ethanol was driddistilled
before use by following the standard procedure$.Thih layer chromatography (TLC) was performed Sifica
Gel ‘G’ (Merck, India) coated plates for monitoritige progress of reaction. Melting poifi€] was determined in
electro- thermal melting point apparatus and watrected. Elemental analysis (C, H and N) wasoperd on
Varian Elementar —Ill CHN analyzer. Infrared speotrwas recorded in KBr pellets on Perkin Elmer RX-1
spectrometer from 4000 to 400 ¢mH NMR spectrum of synthesized compound was recoml€DCl, on Bruker
DRX-300 MHz spectrophotometer. Chemicals shifts giken in ppm relative to (TMS) as an internal stzml.
UV/Visible spectra were taken on Labtronics LT-2%p@ctrophotometer using quartz cell of 10 mm peilgth.

2.2. Synthesis of (E)-3-(4-(dimethylamino) phenyl}-(2-hydroxyphenyl) prop-2-en-1-one (3)

Toanice cold stirred mixture ofhydroxy acetophenone (10 mmol, 1.05 mL) ar@dimethyl amino
benzaldehyde (10 mmol, 1.49 g) in 95% ethanolr?j was added 40% NaOH (15.0 mL) drop wimed
reaction mixture was stirred at room temperatureafiout 48 h .The progress of reaction was mordttne TLC .
After the completion of reaction the reaction migtwas diluted with ice cold water and neutralizeith 10 %
aqueous HCI and kept for overnight to obtain desbaolored precipitate. The precipitate was fildeoff, washed
with water-ethanol mixture and dried in air. Theoquct was recrystallized from ethanol givivgrmilion red
powder, Yield: 79 %, m.p: 149-151 °C. Anal. Caled €,;H;NO, (267.32) C 76.38%, H 6.41% and N 5.24%.
Found C 76.56%, H 6.63% and N 5.08%.NMR (300 MHz, CDCJ) § (ppm): 13.22 (1H, s, -OH), 7.92-7.95 (1H,
d,J=8.4 Hz), 7.90-7.95 (1H, d, -HC=CH}= 15.3Hz), 7.44-7.49 (1H, d, -HC=CH} = 15.3 Hz), 7.57-7.60 (2H,
d,J= 8.9 Hz), 7.46-7.49 (1H, d,= 8.4 Hz), 6.99-7.02 (1H, dd,= 8.4 Hz), 6.90-6.95 (1H, dd,= 8.1 Hz), 6.69-
6.72 (2H, d,J = 8.9 Hz), 3.08 (6H,s,-N(ChHb). IR vmax(in cmi®): 3071, 3022, 2998, 2912, 2865, 2848, 1618, 1531,
1487, 1433, 1376, 1312, 1280, 1203, 1155, 1030, 985, 881, 812, 764, 711, 652, 510, 423.

N

N
OH ‘ \
+ aq.alkali/ethanol
\ . .
| H PN

stirred, 0° - r.t H

Scheme-1

2.3. X-ray crystallography

The crystal of X-ray quality for the compound wdstained by slow evaporation of ethanol/diethyl etbelvent
mixture at room temperature. X-ray crystallograptiéta was recorded by mounting single reddish edlarystal
of compound of size 0.15 x 0.20 x 0.25 ron glass fibers. Cell determination and intendita were collected at
298(2) K on a Oxford diffraction XCALIBUR-S CCD aealetector diffractometer system equipped with lgitep
monochromated Mo & radiation A = 0.71073 A. The final unit cell determinationakog of data and correction
for Lorentz and polarization effects were perform8gmmetry related (multi-scan) absorption corectias been
applied. Structure solution by direct methods,diatd by full matrix least square refinement techaign E using
anisotropic displacement parameters, was perforogdg the WINGX v 2013.3 suite [18] and SHELX-97
programs [19]. All non-hydrogen atoms were refirmatiotropically; hydrogen atoms were located atudated
positions and refined using riding model. Figuresrav prepared using ORTEP-3 [20]. Hydrogen bonding
interactions were analyzed using PLATON [21]. Sumnud crystallographic data is presented in Table 1
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Table-1: Crystal data and structure refinement

CCDC deposition number | 1041546

Empirical formula Gi:H11:No701:

Formula weight 178.21

Color and habit Reddish, needle

Crystal size (mm) 0.15 x 0.20 x 0.25

Crystal system Monoclinic,

Space group R

Temperature (K) 298(2)

Unit cell dimensions a (A) = 12.1175(1@)(°) = 90.00
b (A) = 10.2884(7) (°) = 115.77(10)
c (A) = 12.4833(11)y (°) = 90.00

Volume (&) 1401.51(19)

MMo Ka) (A) 0.71073

z 4

D¢ (mg m°) 1.267

U (mm?) 0.083

F(000) 568.0

No. of reflection (unique) 6422/3202

No. of refined parameter 194

Data/restraints/parameters 3202/0/194

Index ranges -18 h<15, -13<k<#6, 13<1<16

0 Range for data collection(q)  3.28 to 29.15°.

Completeness t0 84.9 %

Absorption correction Semi-empirical from equivaken

Max. and min. transmission 0.9877 and 0.9796

Refinement method Full-matrix least-squares on F

R factor [I > & (1)] 0.0474

WR2 [I > 25 (1)] 0.1088

R factor (all data) 0.0746,

wR2(all data) 0.1255

Goodness of fit (GoF) 1.031

2.4. Computational details

All quantum-chemical calculations were carried with Gaussian 09 program package [22] using DFTEB3
functional with standard 6-311G (d, p) basis seblédular geometry was fully optimized by Berny'stiopzation
algorithm using redundant internal coordinates. *Hh&MR chemical shifts were calculated by employiBguge
Induced atomic orbital (GIAO) method [23]. Interrtalordinate system recommended by Pulay et al.used for
the assignment of vibrational modes [24]. Harmonirational wave numbers were calculated usingathalytic
second derivatives to confirm the convergence &rtinima of the potential surface. The absencamaiginary
wave numbers of the calculated vibrational spectcomfirms that the deduced structure correspondsibimum
energy. Potential energy distribution along intéowordinates is calculated with the help of Garpeftware [25].
A newly designed functional, the long range Couloatienuating method (CAM-B3LYP) comprising of 81% o
B88 exchange at short-range and 65% of HF plus 85988 at long-range [26], has been applied and was
reasonably capable of predicting the excitationrgiee and absorption spectra of ther{? molecules having
charge-transfer excitations [27-28]. The energied imtensities of the 30 lowest energy spin alloveéectronic
excitations were computed with the help of TD-DFSing CAM-B3LYP method in vacuum and also in solgent
using polarized continuum model (PCM) [29]. Thevsaolks parameters used were of dichloromethane thacha.
Using the optimized coordinates of the compouné fitst static hyperpolarizability3g) was calculated employing
the finite field perturbation method in vacuum aahvas in the solvents having different polarityngsPCM model
[29]. Stability of molecules as a result of hypenjigative interactions and electron delocalizatimre analyzed
using natural bond orbital (NBO) analysis [30]. $&netation graphics including molecular geometrisgalizations
were done using Gauss view 05 [31] program. Thistal thermodynamic functions are calculatedane level
of theory and basis set. The wave function obtaiinech the optimization was used to calculate thgotogical
parameters at the BCPs using the Bader’s theo@toims in Molecules”, implemented in AIM 2000 sofive [32].

RESULTS AND DISCUSSION

3.1. Crystal structure

The ORTEP view of the title compound is shown ig.EiThe crystal structure of compound shows that th
molecule crystallises in monoclinic system havipgee group PZc. The unit cell packing contains four molecule.
The molecule is almost planar and isErtonfiguration with respect to C=C double bond hgvbond length of
1.34 A. The dihederal angle between the two aramatgs is 10.34°. The torsion angle 01-C17-C12-811.75°
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while the torsion angles 02-C11-C12-C17 and O2-C10-C9 have magnitudes -1.29° and -3.79° resggfihe
unit cell packing of title compound is shown as.Eig

The analyses of X-ray crystal structure revealsqmee of two intramolecular interactions. The hgéro bond
geometry is given in Table 2.
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Figure-2: Unit cell packing of titte compound

Table-2: Hydrogen-bond geometry for crystal structue

D-H..A | D-HA) [H..AR) [D..AR) |[D-H..AC)
O1-H..02 | 099(2)| 158(2)] 251(2) 153.2(1d
C9-H9..02| 0.94(15) 2.46(17) 2.79(2 100.1(12

~

~

3.2. Reaction thermodynamics

Thermodynamic quantities were calculated usingatibnal frequencies calculations for all reactanid products
at room temperature (298.15 K). For simplicity teats 1-(2-hydroxyphenyl) ethanone and 4-(dimetayiino)
benzaldehyde are abbreviated(as (2) and productE)-3-(4-(dimethylamino) phenyl)-1-(2-hydroxyphenyjop-
2-en-1-one, by product water &, (4) respectively. The enthalpyKl reaciiod in Kcal/mole, Gibbs free energgG
reactiog IN Kcal/mole and entropy change of the reactid8 ge.cio) in Cal/mole-K were calculated and arranged in
Table 3. At 25C, for non — catalyzed reaction the calculatedtivesialues ofAH, AG indicates that the reaction is
endothermic and non-spontaneous at room temperdtheemodynamic relation between equilibrium cons{&eq

) and Gibbs free energy change of reactiv@)(at temperature (T) is given as.ye e "AGIRT Using above equation,
equilibrium constant (k) for title reaction is calculated as 2.99 X1De. K o <1 at room temperature. This
indicates that the reaction is favored in backwdiection and does not favor the forward reactidrraom
temperature. The reaction becomes spontaneous\attedl temperature and the temperature gap wilicesth the
presence of catalyst (aq. alkali) or reflux cormfis.

Table- 3: Calculated Enthalpy (H), Gibbs free energ (G) and Entropy (S) of reactants (1, 2) and prodcts (3, 4) and for reaction, using
B3LYP/6-311G (d, p) at (25C)

Thermodynamic properties 1 2 3 4 Reactich
H (Kcal/mole) -288717.35 -300875.36 -54163024 95H57 6.90

G (Kcal/mole) -288744.33  -300906.11 -541673/53 68787 7.53
S(Cal/mole-K) 89.944 103.448 144.938 45.096 -2.52

#Reaction: 1+2 (reactants)> 3+4 (products)
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3.3. Optimized geometry

The quantum chemical calculation about geometrymopation was performed by DFT —B3LYP methods at 6-
311G level of basis set using Gaussian 09 progidm.geometrical parameters of crystal structureyothesized
compound are taken for optimization of structurbe Talculation obtained predicts an optimized geaomaf the
compound to the minimum potential energy hyperamefparameter of molecular structure having no inaay
frequencies. The optimization by this method yiedtisble form of the title compound with C1 symmetayving
energy 0f-863.462681au. Optimized geometrical structure of reactants @noducts involved in chemical reaction
is shown in Fig.3.

2? ;

Figure-3: Optimized geometries of the reactants angroducts involved in chemical reaction, using B3LY/6-311G (d, p) level of theory

Selected optimized geometrical parameters alonh experimental X-ray parameters are given in Tabl&@he
table shows a comparison between experimental yXaad calculated geometric parameters. The caknil@2—
N8 bond distance of 1.37 A and indicates that CeNdoshows partial double bond character in thigrfrant. Also
C-N bond length are found to be much shorter tharaverage value for a single C-N bond (1.47A) siorificant
longer than a C=N double bond (1.22A) [33], suggesthe presence of partial double bond charadtee
shortening of C14-020 bond length to 1.34 A, alsggests the presence partial double bond charac®©O bond.
The molecule is ifE-configuration with respect to C=C bond having bdewigth of 1.34A, which is in agreement
with observed bond length at 1.35(2) A. Theoretlwahd lengths and bond angles are in good agreenitinthe
experimental XRD data. When the X-ray structuré¢heftitie compound is compared with its optimizedimterpart
some discrepancies are observed in certain tolséogges. When the geometry of hydrogen bond inoghtémized
structure is examined, the proton donor group O30-Frms intramolecular interaction with O2 atomcafbonyl
group, with bond length of 1.62A and bond anglé4®.3°.

The discrepancies between the XRD results and atmulated geometrical parameters are due to fat tthe
comparison made between experimental data, obtdinadsolid state single crystal and calculatediltesare for
isolated molecule in gaseous state. In spite ofitfierences, the calculated geometric parametpeesent a good
approximation and they are the basis for calcujatither parameters, such as vibrational frequeneiestronic
absorption spectra, molecular electrostatic pararsetnd other optical and spectroscopic properties.

3.4. Vibrational assignments

The observed and calculated (scaled) vibrationakewaimbers at B3LYP/6-311G (d, p) level and thesignments
using PED are given in Table 5. The calculated pBcrum in the region 4000—400 ¢ris shown graphically in
Fig. 4. The total number of atoms in compound is Bfich give 105 (3n-6) vibrational modes. The odted

vibrational wave numbers are higher than experiaiarglues for the majority of the normal modes. Th&ulated
wave numbers are scaled down using single scaéiotprf 0.9608 to discard of any harmonicity predanteal

system [34]. The correlation graph is shown in EigThe value of correlation coefficient found te b= 0.999,
showing good agreement with the calculated wavebmuswith experimental. Most of modes are not pure
contains significant contributions from other modaso. The potential energy distribution (PED) anddes
obtained from Gauss-View program help in the asaigm of the calculated harmonic vibrational wavenbars

and peaks of experimental FT-IR spectrum.
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Table-4: Comparison between selected optimized geetrnical parameters for 3 calculated at B3LYP/6-3113d,p) with experimental X-
ray crystallographic parameters

Bond length( A) | Calc. Exp. Bond angle (°)) Calc Exp | Dihedral angle (°) | Calc. Exp.

01-C5 125| 1.25(2] N8-C2-Cll| 121|3 121.4(1) CILINBeN16 | 176.7| 175.2(1)
C2-N8 1.37 | 1.36(2) N8-C2-C13| 121]6 121.7(1) CILINEZN1B 36 0.602)
C2-Cll 142 141(2] cCl11-C2-Cl3 1171 116.9(1) C2:NB-C16 | 3.4 | -48(2)
C2-C13 141] 1.40(2] C5-C3-C10| 1233 123.1f1) C1aNBX18 | 1765| 179.4(2
C3-C5 148| 1.48(2] C5-C3-C14| 1188 119.3(1) N8-GA-C9 | 179.4| -178.6(1
C3-C10 141] 140(2] cC10-C3-C14 1179 117.6(1) Ne&a3-Clz | 179.4] 179.02
C3-Cl4 143] 1.41(3 C6-C4-CO| 124[0 123.7(1) C108B301 | 179.8| 178.6(2
C4-C6 145| 144(3] C6-C4-Ci2| 119/4 120.0{1)  Cloa53€7 | -0.20| -2.1(2)
C4-C9 141| 1.40(2) cCo9-CaCi2| 116/6 116.2{1) Cl4a@8301 | -0.17| -1.3(2)
C4-C12 141] 1.40(2 01-C5-C3| 1196 119.3(1)  Cl4a@Bc7 | 179.8| 178.0(2
C5-C7 147 | 1453 01-C5-C7 | 119]9 120.0{1) C5-CBC15 | -180.0] -179.4(2
C6-C7 1.35| 1.34(2 C3-C5-C7 | 1205 120.7(1) C5-CaCl7 | -180.0] 178.1(2
N8-C16 145 1452 C4-C6-C7 | 1284 127.9(2) C5-03020 | 002 | -1.8(2)
N8-C18 145| 1.45(2] C4-C6-C2l| 1159 115.0(1) C1oa1a-020 | 179.6] 178.4(2
Co-Ci1 1.38] 1.37(3 C5-C7-C6 | 120[3 121.8[2)  C9-G4Z 0.04| -32(3)
C10-C15 1.38] 1.37(3) C6-C7-H22] 1207 1200(1) C#286-C7 | 179.8] 179.4(2
C12-Ci3 1.38] 1.37(3) C2-N8-Cle| 1202 121.2(1) Cea®4Cil | 180.0] -177.6(2
Cl14-Ci7 140| 1.39(3) C2-N8-Cig| 1203 1209(1) Ceaa2-Ci3 | -179.9 1781(2
C14-020 1.34] 1.35(2) Cl16-N8-Cl§ 1192 117.8(1)  ®GiGI-C6 0.26| -3.8(3)
C15-C19 140| 1.38(3) C4-Co-Cil] 12119 1222(1) 0I9TsH22 | 179.7| 175.0(1
C17-C19 1.38] 1.37(3) C3-C10-C15 1219 122.0(2)  ®822-C6 179.7] 176.9(2
020-H37 0.99| 0099(2] C2-C11-C9| 1212 121.2(1) C3675H22 | -0.26| -4.01)
C4-C12-C13 | 1224 122.8( C4-C6-C7-Cb 180.0 4.

C2-C13-Cl2 | 120.§ 120.8(2) H21-C6-C7-H2P _ 180.0 9.0@2)

C3-C14-C17 | 119.§ 119.7(3) C2-N8-C16-H2p _ 178.3 79:8(1)

C3-C14-020 | 1225 122.0(3) C2-N8-C16-H3D _ 594 2@X).

1 61.959.8(2)

C10-C15-C19| 119.3 119.4(7 C18-N8-C16-H29 -85 3.9R)
C14-C17-C19| 120.5 120.9(2 C18-N8-C16-H30  -12[7.4123.9(2)
C15-C19-C17| 120.¢ 120.4(3 C18-N8-C16-H31  111.316.1(2)
C14-020-H37| 105.9 103.0(1 C2-N8-C18-H3B 178.8 79.8(1)
C2-N8-C18-H34 61.5 59.8(2
C2-N8-C18-H35 -59.9 -60.2(2
C16-N8-C18-H33 8.0 3.9(2)
C16-N8-C18-H34| -111.7 -116.1(2
C16-N8-C18-H35| 126.9 123.8(2)
020-C14-C17-C19  180. -178.3(R
C3-C14-020-H37 0.08 4.0(1)
C17-C14-020-H37 -179.9 -176.0(1)

)
)
)
)
C17-C14-C20| 117.7 118.3(3) C2-N8-C16-H3
)
)
)
)

~

~
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Figure-4: Calculated IR spectrum of compound 3 at BLYP/6-311G (d, p) level

Phenolic (-OH) vibrations

The stretching vibration for phenolic (O2H37) was observed at 3071 ¢mshows good agreement with the
calculated wave number at 3076 triThis value is in agreement with reported valuesfmilar compound at 3055
cm*[35]. The stretching vibration for C+4020 was observed at 1281 ¢where as it was calculated at 1295 cm
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! The O-H in-plane bending vibration C14-H37-O2Cwdbserved at 1376 chwhereas it was found to be in good
agreement with calculated wavenumber at 1372.cm

C—N vibrations

The observed band for C2=N8 stretching at 1487 isrin good agreement with the calculated valu#4819 cn
with 18% of PED. This band was also calculated 2401 cmi'with 28% of PED, which is not observed in
experimental spectrum. Asymmetric stretching vibra for C16-N8 and C18-N8 were calculated at 1280

! This stretching vibration was not observed in expental spectrum of title compound

C=C and C=0 vibration

The C=C and C=0 stretching vibrations are foundegresent together. The band found at 1617ismassigned to
asymmetric stretchingf C=C (22 % PED) and C=0 (16 % PED).This mode whserved at 1618 chin the
experimental IR spectrum. The symmetric stretclihthese two bonds was calculated to be preset$36 cnt
,which was observed at 1531 ¢mith C=C (11 % PED) and C=0 (22 % PED).

3500 ;
R? = 0.9999
3000 1
2500 1

2000 1

1500 ]

Experimental wavenumber (cm™)

1000 ]

500 7

o+ ———rr
0 500 1000 1500 2000 2500 3000 3500

Calculated wavenumber (cm)

Figure-5: Correlation graph between experimental ad calculated wave numbers of comp. 3

CH; group vibrations

According to internal coordinate system recommeraeBulay et al. [36] methyl (Me) group associatths types
of vibrational frequencies namely: symmetric stnetasymmetric stretch, symmetric deformation, asgtnic
deformation and rocking. The-€H stretching (symmetric and asymmetric) vibratidriveo CH; group is observed
in the region 3022-2848 chis in agreement with the calculated wave numberegion 3015- 2872 ct
Asymmetric and symmetric deformation of Me (C16) &te (C18) is observed at 1487 and 1433'avhereas the
calculated value is found in region of 1474-1392"cifihe observed methyl (C16 and C18) rocking at 1458
1030 cni', agrees well with the calculated wave number d91dnd 1039 cih

C—H vibrations

The aromatic &-H stretching vibrations give rise to bands in regR100-3000 cih The experimental spectra
show only two medium-weak band at 3071 and 3022 which corresponds to C-H stretching of phenyl ringsl
olefinic C—H stretching [37]. These stretching bands wereutaied to be found in region 3076-3015¢trithe
C—H in-plane bending vibrations are observed at 1d4&F 1433 cm, whereas it was calculated to be found in
region of 1467 and 1419 ¢lrMost prominent band of-GH out-of-plane bending for aromatic rings occursoiw
freqluency range between 942-711trfihese values are in good agreement with calalilz&ie in region 948-727
cm-,

Ring vibrations

The G—C stretching modes of phenyl rings are expecteitiénrange from 1650-1200 &mThe computed &-C
stretches of phenyl rings are present at 1617, 18857, 1518, 1467, 1415 and 1258’cwith PED> 10%. These
bands are observed at 1618, 1531, 1487, 1433 @@t in FT-IR spectruniThe series of ring deformation band
(medium to weak) was observed at 986, 881, 652,a5t0423 cril. These deformation bands are calculated to be
found at 978, 875, 649, 550 and 426'cm

1260



Ashok Kumar Singh and Ravindra Kumar Singh

J. Chem. Pharm. Res., 2015, 7(4):1254-1273

Table -5: Experimental and calculated vibrational wave numbers (crit) of 3 at B3LYP/6-311G (d, p) level and their assignents

modes Calculated Obs.| IRint. Vibrational assignmets® (PED > 10%)
(Unscaled) | (Scaled)
105. 3218 3092 - 17.63 v([C7H22)(63y(C10H24)(29)]
104. 3210 3084 - 8.33| v(C13H27)(50y(C11H25)(43)]
103. 3209 3083 - 11.79 v(C11H25)(49)+(C13H27)(46)]
102. 3202 3076 3071 480.98 v(Q20H37)(73)+(C10H24)(15)]
101. 3198 3073 - 165.25 v(C17H32)(26)+(C7H22)(19y(C15H28)(17y(020H37)(15)]
100. 3194 3069 - 19.80 v(C17H32)(57)%(C10H24)(16y(C7H22)(10)]
99. 3183 3058 - 15.02 v(C15H28)(54)+(C10H24)(21y(C19H36)(12)]
98. 3175 3051 - 6.08| v(C9H23)(90)]
97. 3166 3042 - 14.86 v(C19H36)(72)+(C15H28)(18)]
96. 3164 3040 - 8.23| v(C12H26)(93)]
95. 3149 3026 3027 0.63] v(E6H21)(96)]
94. 3138 3015 - 45.90 v([C16H29)(51y(C18H33)(43)]
93. 3125 3003 299¢ 1.82] v(£18H33)(50)%(C16H29)(43)]
92. 3040 2921 2912  71.18 v(€18H35)(48y(C16H30)(27)+(C18H 34)(15)]
91. 3039 2920 - 6.72| v(C16H30)(47)+(C18H35)(26)+(C16H31)(16)]
90. 2999 2881 286% 121.04 v(C18H34)(39)(C16H31(36y(C18H35)(11)]
89. 2989 2872 2848  82.64 v(€16H31)(38)+(C18H34)(34y(C16H30)(12)+(C18H35)(11)]
88. 1683 1617 1618 283.12 v(€6C7)(22)+¥(01C5)(16)8(H21C7C6)(12)]
86. 1652 1587 - 221.57 v(C9C11)(11y(C12C13)(10)]
85. 1621 1557 - 137.76 v([C17C19)(20)8(C14H 37020)(19)%C15C19)(14)¥(C3C14)(11)]
84. 1597 1535 1531 899.44 v(P1C5)(22y(C6C7)(11)]
83. 1580 1518 - 92.63 v(C4C9)(19)¥(C2C11)(15y(C2C13)(12)+(C4C12)(10)]
82. 1561 1499 1487 521.25 v(C2N8)(18)-8(C4H26C12)(10)]
81. 1533 1474 - 40.14 $(H33H35C18)(319(H29H31C16)(23)]
80. 1527 1467 - 344.97 5(C3H24C10)(14)8(C14H37020)(14)XC15C19)(13)(C14H32C17)(12)]
79. 1519 1459 - 8.82| §(H29H31C16)(31)8(H33H35C18)(28)(H29H30C16)(12)]
78. 1493 1434 1433  17.01 3(H33H34C18)(38)8(H29H30C16)(27)8(H33H35C18)(14)]
77. 1491 1432 - 58.06 §(H33H34C18)(42)(H29H30C16)(33)]
76. 1484 1426 - 1.12| §(H29H30C16)(40)(H33H34C18)(28)(H29H31C16)(13)]
75. 1477 1419 - 37.02 §(C15H36C19)(18)(C10H28C15)(16)%(C14020)(12)]
74. 1473 1415 - 82.40 v(C12C13)(21)%(C9C11)(183(C2H27C13)(13)8(H29H30C16)(11)]
73. 1449 1392 - 10.34 3(H29H30C16)(42)8(H29H30C16)(42)]
72. 1428 1372 1376  105.83 5(€14H37020)(2%(C3H24C10)(12)]
71. 1395 1340 - 141.41 v(C2N8)(28)]
69. 1366 1312 1317 7.06| 3(C16C2N8)(10)]
68. 1355 1302 - 162.33 5(H21C7C6)(31§(H21H22C6)(15)]
67. 1345 1292 - 23.81] v(C14020)(23)(H21C7C6)(13)]
66. 1336 1284 1280 74.50 3§(H21C7C6)(39)]
65. 1309 1258 - 54.31] v(C3C14)(12y(C14020)(12)+(C3C10)(10)]
64 1270 1220 - 61.09 v(N8C16)(13)+(N8C18)(12)]
63. 1266 1216 - 61.35 J{C3H24C10)(16)(C3C10)(10)]
62. 1251 1202 1203  43.66 5{H21H22C6)(29)-¢-C2H25C11)(11§-H21C7C6)(10)]
61. 1221 1173 - 193.51 §H21H22C6)(22)+C3C5)(16y(C14C17)(16)]
60. 1210 1163 - 322.88 HC4AH26C12)(24%-C4H23C9)(13)]
59. 1196 1149 1155 84.1% 3{H33N8C18)(25)%-H29N8C16)(24)]
58. 1181 1135 - 327.38 3HC10H28C15)(27)-8-C15H36C19)(12)-§-C14H32C17)(11)]
57. 1155 1110 - 4.37| J{C4H23C9)(12)-§-C2H27C13)(10)-§-C4H26C12)(10)]
56. 1149 1104 - 29.40 J{C15H36C19)(20)(C10C15)(13)}%-C14H32C17)(10)]
55. 1139 1094 - 1.19| J{H34N8C18)(64)§-H30N8C16)(26)]
54. 1137 1092 - 24.07 §H30NBC16)(62)-§-H34N8C18)(28)]
53. 1081 1039 1030 27.52 §(H29N8C16)(31)8(H33N8C18)(31)(N8C16)(15)v(N 8C18)(15)]
52. 1057 1016 - 8.05| v(C15C19)(46)(C17C19)(13)-4-C14H32C17)(13)]
51. 1042 1001 - 197.81 v(C5C7)(37)6-ccPhl)(28)]
50. 1032 992 986 19.93 yHC7H21H22C6)(75)]
49, 1018 978 - 8.15| JfccPhl)(49)]
48. 987 948 942 0.25| H36C15C17C19)(53)(H32C14C19C17)(18)+{H28C10C19C15)(14)
47. 964 926 - 26.91] v(N8C18)(26y(N8C16)(25)]
43. 911 875 881 4.05| JHC6CT7C5)(18)§-C4C6CT7)(16)—d-ccPhl)(13)0(C4C9)(10)]
42. 896 861 - 91.73] {{H37020C14C17)(84)]
41. 867 833 - 3.44| {fO1C5C7H22)(26)-C7H21H22C6)(25)-C701C3C5)(17)]
40. 865 831 - 9.89 | 1{fH32C14C19C17)(35)(H24C3C15C10)(16)=+(PhI)(13)]
39. 857 823 812 8.88] JC14C10C3)(2A(C14C17)(12)]
38. 830 797 - 50.84] fH27C2C12C13)(22)+fH25C2CIC11)( 22)¢N8C13C11C2)(17)]
36. 807 775 764 7.56| JHC13C11C2)(14)+C3C14)(12)]
35. 776 746 - 39.18] {{C701C3C5)(20)=Phll)(12)—&-Phl)(12)]]
34. 757 727 - 34.50] {fH28C10C19C15)(30y¢H24C3C15C10)(16y£020C3C17C14)(14)
33. 734 705 711 2.46| 4Phli(39)—-Phl)(20)§-N8C13C11C2)(10)]
32. 724 696 - 13.91] v(C2N8)(11)-$-C13C11C2)(1)N8C16)(10)]
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31 690 663 - 1.29] #Phl)(35)§-C701C3C5)(22)4£01C5C7H22)(11)]
30. 675 649 652] 71.3§ §Phl)(35)6-OLC3C5)(25)]

28. 572 550 - 15.07] §PhI)(49)6-C10C5C3)(13)]

27. 556 534 - | 30.15] §C2C9C11)(21)-4-C16C18N8)(20)-q-C4C6CT)(11)]

25. 533 512 510 6.74] HOLC7C5)(15%-C3020C14)(12)[

24, 521 501 - | 20.19] §NBC13C11C2)(25%Phl)(17)§-C6CIC12C4)(14)]

22. 468 450 - 9.63| 5[C3020C14)(23)(C16C2N8)(21)8(CL3NSC2)(11)]

21. 443 426 423]  2.28] §O1C3C5)(27)-4-Phl)(21)—6-C16C18N8)(13)(C3C5)(11)]
20. 437 420 - 0.36| {PhI)(42)—¢-Phl)(18)—¢-C5C10C14C3)(17)]

19. 432 415 - 0.20| #Phi(76)]

#abbreviationsy - stretching;d - in-plane deformationy - out-of-plane deformation; - torsion; as - asymmetric; s - symmetric; Phldtoxy
substituted benzene ring; PRidimethylamino substituted benzene ring; % of PE@ven in brackets; IR int. - IR intensity.
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Figure-6: Experimental and calculated UV-Visible sgctrum of compound 3 in solvent ethanol (A) and didoromethane (B).

3.5. Electronic absorption spectra

To assign the nature of electronic transitions;tedmic excitation energies and oscillatory strénghie UV—visible
spectrum of compound has been studied by time diepérdensity functional theory (TD-DFT), with a higb
exchange — correlation functional using Coulomberatating method (CAM-B3LYP). The TD-DFT excitations
were calculated both on gas phase and in the golwdmg the IFZ-PCM model (dichloromethane and etija A
comparative experimental and calculated stimuldt&8-Vis spectrum of compoun@ in solvent ethanol and
dichloromethane is shown in Fig. 6. By comparing tlalculated spectra it is evident that the catedldransitions
do not exhibit significant solvatochromic effectBhe observed and calculated electronic transitiohigh
oscillatory strength, along with experimental wavegjth in ethanol and DCM are presented in Tabl€h@. first
weak and broad experimental band of low energy #42r436 nm was found to be absent in calculatedtspm in
both the solvents. This may be due to—n=n* transitions. The strong intensity band calculatezhr 374 nm
(oscillator strength = 1.28-1.30) in both the solvents is mainly duédte~ L (= — n*) charge transfer transition,
along charge transfer axis. This band was obseivatie experimental spectrum of both solvents & &,
showing significant hypsochromic shift of about 8&. The hypsochromic shift is occurring due to loggm
bonding of the solvent effect [40]. The observediimm intensity band near 246-248 nm was found tinbgood
agreement with the calculated wavelength at 246Tiis electronic transition is mainly dae— n* from H-3 — L
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molecular orbital. The high energy transition bahderved near 205-207 nm, calculated near 199-20i3 mainly
attributed tor — n* from H-1 — L+3. The calculated electronic excitations givaerto the same pattern of bands,
at energies and are in good agreements with theriexental spectrum. However, in comparison to ths ghase
spectrum the band observed at 346 nm displaysfisigmi red shifting to 374 nm in dichloromethane ao 375 nm

in solvent ethanol. On the basis of calculated mdér orbital coefficients analysis and moleculdbi@l plots for
the title compound, the FMOs are mainly composeg-afomic orbital’'s and so the nature of major elewuic
excitations are assigned tobe- n* type.

Table-6: Selected TD-DFT/CAM-B3LYP excitations andheir approximate assignments for compound 3

Excitation energy Experimental Calculated Oscillator Major transition and expansion Nature of
(eV) AMnm) AMnm) strength (f) coefficient (ClI) transitions
In gas phase
3.5802 - 346 1.1672 H(7H L(72) (0.65914) T — ¥
5.6637 - 219 0.1391 H-3(68) L(72) (0.56797) T — m*
6.2067 - 200 0.1439 H-1(76) L+3(73) (0.53826) T — m*
In solvent ethanol
3.3090 342 375 1.2820 H(71 L(72) (0.66774) T — m*
5.0500 246 246 0.1274 H-3(68) L(72) (0.55226) n— T*
5.3195 - 233 0.1048 H-2(69) L(72) (0.56305) T — 1*
5.6795 - 218 0.1198 H-1(76) L+1(73) (0.52794) T — T*
6.2273 207 199 0.1796 H-1(78) L+3(73) (0.53534) T — Tt
In solvent dichloromethane
3.3133 342 374 1.2964 H(74) L(72) (0.66713) T — *
5.0479 248 246 0.1320 H-3(68) L(72) (0.55252) T — 1*
5.3335 - 233 0.1060 H-2(69 L(72) (0.55512) n— T
5.6665 - 219 0.1271 H-1(76) L+1(73) (0.52789) T — *
6.2150 205 200 0.1962 H-1(70) L+3(73) (0.55072) T — m*

3.6. Frontier molecular orbitals

To explain several types of reactions and for mténij the most reactive position in conjugated eystmolecular
orbital and their properties such as energy ard {&#. The highest occupied molecular orbital HOM®@J lowest
unoccupied molecular orbital (LUMO) are very popudaantum chemical parameters. The energy gapeestthe
HOMO and LUMO is a critical parameter in determgnimolecular electrical transport properties because a
measure of electron conductivity [39]. Frontierlewular orbitals (FMOs), HOMO and LUMO plots alowih the
other molecular orbitals plot, active in the elentc transition in solvent ethanol and their tréinsi energy (eV) are
present in Fig. 7. The energies of HOMO and LUM® maegative, which indicate the title molecule ab#t [40].
The HOMO-LUMO energy gap is an important stabilitgex. A molecule having a small frontier orbitapgis
more polarizable and is generally associated witjin lthemical reactivity and low kinetic stabilitin the title
compound, HOMO is of nature and delocalized mainly over dimethylaminbs$ituted phenyl ring portion and
olefinic double bond. By contrast LUMO is locatedeo the hydroxy substituted phenyl rings, carbayrgup and
olefinic double bond.

HOMO energy = -5.497eV

LUMO energy =-2.122eV
HOMO—LUMO energy gap = -3.375eV
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Figure-7: Selected orbital transition for 3 obtaine from TD-DFT/CAM-B3LYP calculations using PCM model for ethanol

3.7."H NMR spectroscopy

The'H NMR chemical shifts of are calculated with gauigeluding atomic orbital (GIAO) approach using B3RY
method and 6-311G (d, p) basis set [41]. Chemib#t sf any atom (X) is calculated as differencetvien
isotropic magnetic shielding (IMS) of TMS and at¢X). It is defined by an equation written &x = IMSyys -
IMSy.

The experimental and calculated values'tdfchemical shifts of the title compound are givenTiable 7. The
experimentafH spectrum of compour@ shown in Fig. 8, showed one proton (H-37) singtet 13.22 for phenolic
—OH. Two doublet peaks observed for proton H-21 Hr2R ats 7.90-7.95 J = 15.3Hz) and 7.44-7.49 { =
15.3Hz) respectively corresponds to olefinic (H-GHLprotons. The appearance of peaks @t57-7.60 J = 8.9
Hz) ando 6.69-6.72 J = 8.7 Hz), corresponds to two proton doubletsHe23, 26 and H-25, 27 respectively of
dimethyl amino phenyl ring. The hydroxyl phenylgishowed two, one proton doublets for H-32 and HaRd
7.46-7.49 ] = 8.4 Hz) and 7.92-7.95] = 8.4 Hz).The H-36 and H-28 protons were obseasgdouble doublets at
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0 6.99-7.02 J = 8.4 Hz) and 6.90-6.99 € 8.1 Hz) respectively. Presence of 6H singlet 2408 corresponds to two
methyl group protons (H-29, 30, 31, 33, 34, 34liofethyl amino group.
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Figure-8: Experimental '"H NMR spectrum of compound 3 in CDC}
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Table -7: The comparison between experimental andatculated (B3LYP/6-311G/GAIO)*H NMR chemical shiftsé (ppm) from TMS and
their assignments for compound 3

Atom no. Calcd chemical shifts| Exp. chemical shifts Assignment

37H 13.86 13.22 1H, s, phenolic (-OH)
21H 8.09 7.90-7.95 1H, d,= 15.3Hz (-CH=CH-)
22H 7.53 7.44-7.49 1H, d,= 15.3Hz (-CH=CH-)
23H 8.02 7.57-7.60 2H, d,= 8.9Hz (aromatic)
26H 7.41
25H 6.55 6.69-6.72 2H, d,= 8.7Hz (aromatic)
27H 6.43
32H 6.94 7.46-7.49 1H, d,= 8.4Hz (aromatic)
36H 7.35 6.99-7.02 1H, dd,= 8.4Hz (aromatic)
28H 6.73 6.90-6.95 1H, dd,= 8.1Hz (aromatic)
24H 7.84 7.92-7.95 1H, d,= 8.4Hz (aromatic)

29H, 30H, 31H 2.93 3.07 6H, s, -N(©B

33H, 34H, 35H 2.96 3.09

Abbreviations: s = singlet; d = doublet; dd = doebdioublet

In order to compare the chemical shifts correlatigraphics between the experimental and calculftetiMR
chemical shifts are shown in Fig. 9. The correlatioaph follow the linear equation (y= 0.915x +X¥§ where y is
the experimentalH NMR chemical shift, x is the calculatéti NMR chemical shift (inppm).The value of
correlation coefficient (R= 0.990) shows that there is a good agreement lketweaperimental and calculated
results.
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14 \1- 0.9157x + 0.6178
R? = 0.9904

12

10

Experimental chemical shift (ppm)
(-]

Calculated chemical shift (ppm)
Figure-9: Correlation graphic between experimentaland calculated™H NMR chemical shifts

3.8. Molecular electrostatic potential (MEP)

The MEP is related to the electron density anceiy wseful descriptor in determining the sitesedtactrophilic and
nucleophilic reactions as well as hydrogen bondimigractions [42, 43]. The electrostatic potentiél) is also is
also well suited for analyzing processes basedherrécognition of one molecule by another, as irgdeceptor
and enzyme-substrate interactions [44]. It provi@l@ssual method to understand the relative pglarita molecule.
The different values of electrostatic potentiathe surface are represented by different coloreésepresents the
region of most electronegative electrostatic paaenblue represents region of most positive etestatic potential
and green represents region of zero potential. rédigt reactive sites for electrophilic and nucleitip attack for
the investigated molecule, the MEP at the B3LYPI&G (d, p) optimized geometry was calculated. Tieetemn
density isosurface on to which the electrostatiepiial surface has been mapped is shown in FigThé negative
(red and yellow) regions of MEP were related tocetgphilic reactivity and the positive (blue) regs to
nucleophilic reactivity. From the MEP it is evidehtt the negative charge covers the oxygen atocartfonyl and
hydroxyl groups and some positive region is fouradny over the methyl hydrogen’s. These sites giNermation
about region where the compound can have intermi@emnteractions.

Figure-10: MEP of compound 3 showing total densitynapped with ESP. (For interpretation of the referaces to color in this figure
legend, the reader is referred to the web version)

3.9. Natural bond order analysis (NBO)

The natural bond orbital (NBO) calculations werefgened using NBO 3.1 program [45] as implementedhie
Gaussian 09 package at the DFT/B3LYP level in otdemderstand various second-order interactiohsdsn the
filled orbital of one subsystem and vacant orbithhnother subsystem, which is a measure of therglecular
delocalization or hyper-conjugation. NBO analysss lan appealing aspect of highlighting the indialdaonds and
lone-pair energy that play a vital role in the cleah processes [46, 47]. It is an important toal &udying
hybridization, covalence, hydrogen-bonding and \éan@aals interactions. In other words natural boniital
(NBO) provides supplementary structural informatieor each donor NBQ)(and acceptor NBQj) the strength
of interaction (or stabilization energy)(E) associated with electron delocalization betwdenor and acceptor is
estimated by the second order energy lowering &ls [4
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2
E® = AE;; = g; ﬂ
(fj - &)
Where, gis donor orbital occupancy;, g are orbital energies (diagonal elementg)isithe off-diagonal Fock or
Kohn—Sham matrix element. The higher value of BEp@hts toward the greater interaction betweentedlaaonors
and electron acceptors (i.e. the more donatingeteryd from electron donors to electron acceptorsthadyreater
the extent of conjugation in the system).

Second-order perturbation theory analysis for setedonor (Lewis) and acceptor (non-Lewis) orbite#ishe Fock
matrix in NBO basis is presented in Table 8. Theonjugation/resonance due #eelectron delocalization is
involved due to the-n* interactions whereas, the primary hyper conjugainteractions due to the various types of
orbital overlaps such asn*, n-6* n-6* and secondary hyper conjugative interactions tuthe orbital overla-

o*. A very strong interaction have been observedvbenp type orbital containing lone pair of §020) with the
neighbour n*(C14-C17) anti-bonding orbital of hydroxy phenying. This interaction is responsible for a
pronounced decrease of the lone pair orbital oamypand increases anti-bondin(C14-C17) ED to 0.38019e
and is responsible for shortening of C14-020 bampih to 1.34A, leading to multiple bond charadietween
C14-020 bond. Such high energy interaction inv@Jione pair of electron, leads to stabilizatiomadflecule up to
38.36 kcal/mol. Other important primary hyper-cagtive interactions involving lone pairs are giverable.

The intermolecular hyper-conjugative interactions formed by the orbital overlap betweer- n* bond orbital,
which results intra-molecular charge transfer (IT€c@using stabilization of the system. The hyperjogative
interactions oft (C3-C10)— n*(C15-C19)#*(C14-C17)/n*(C1-C5),n (C14-C17)— n*(C15-C19)i*(C3-C10),n
(C15-C19)— n*(C14-C17)h*(C3-C10) are responsible for conjugation of respect bonds of hydroxyl phenyl
ring. The electron density (ED) at the conjugatidmt bonds (1.57470-1.64571e) of hydroxyl phenyl rimgl a*
bonds (0.30452-0.43216e€), indicates strardglocalization within the ring and with conjugai&d5) = O (1) bond
leading stabilization of molecule in range of 2718%35 kcal/mol. The hyper-conjugative interactiaist (C4-
C12) — n*(C9-C11)R*(C6-C7)/ n*(C2-C13), = (C2-C13)— n*(C9-Cll)R*(C4-C12), n (C9-Cll)— n*(C2-
C13)*(C4-C12) are responsible for conjugation of regivect bonds of dimethyl amino phenyl ring. The electron
density (ED) at the conjugation af bonds (1.60186-1.74239¢e) of dimethyl amino pheiyly andz* bonds
(0.15093-0.43504¢€), indicates strandelocalization within the ring and with conjuga@d6) = C (7) bond leading
stabilization of molecule in range of 26.54-14.2%lkmol. The interactions (C6-C7)— n*(C4-C12)iz*(O1-C5)
are also stabilizes the molecule in the range &-24.33 kcal/mol. stabilization of the system. TThevement oft-
electron cloud from donor to acceptor i.e. intraleoalar charge transfer (ICT) can make the molecutme
polarized and the ICT must be responsible for th®©Nroperties of molecule. Therefore, the titlednpmund may
be used for non-linear optical materials appligatio future.As shown in table, there are numbesedondary
hyper-conjugative interactions (~ ¢*) which stabilizes the molecule maximum up to 5ké@&l/mol.

3.10. Chemical reactivity

Global reactivity descriptors

For understanding various aspects of pharmacolbgiances including drug design and possible egiwological
characteristics of the drug molecules, several clegnical reactivity descriptors have been proposkd.chemical
reactivity and site selectivity of the moleculaisems have been determined by the conceptual densittional
theory [49].Electronegativityyf, chemical potential (1), global hardneg} @lobal softness (S) and electrophilicity
index (@) are global reactivity descriptors, highly sucéelsm predicting global reactivity trends. On thasis of
Koopman'’s theorenj50], global reactivity descriptors are calculatasing the energies of frontier molecular
orbital's HOMO and LUMO.

According to Parr et al., electrophilicity index)([51] is a global reactivity index which measuthks stabilization
in energy when the system acquires an additioeatrenic chargeAN) from the environment. The direction of the
charge transfer is completely determined by thectedaic chemical potential of the molecule becaase
electrophile is a chemical species capable of dtaggelectrons from the environments; its energysimiecrease
upon accepting electronic charge. Therefore itstedaic chemical potential must be negative. Thergies of
frontier molecular orbitals (vo, Eumo), energy band gap (Bmo-ELumo), €lectro negativity i), chemical
potential (1), global hardness)( global softness (S) and global electrophilidgitglex () for 1, 2 and3 are listed in
Table 9.

When two molecules react, which one will act asetttrophile (nucleophile) will depend upon higtgwer)
value of electrophiicity index. The high value ééatrophilicity index shows that produ@) is stronger electrophile
than reactantd. Electrophilic charge transfer (ECT) is definedtlaes difference between th&eN max values of
interacting molecules. If we consider two moleculeand2 approach to each other (i) if ECT > 0, charge flows
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from 2 to 1 (ii) if ECT < 0, charge flows from to 2. ECT is calculated using equation ECTAN(max); - (AN
max), where AN max), =-(uMm); and AN max) =-(u/m).. ECT is calculated as 0.281 for reactant moleclilasd
2, which strongly indicates that charge flows fromlenale 2 to 1. Therefore2 act as very strong electron donor
and1 as electron acceptor. The high value of chemio#&rntial and low value of electrophilicity index € 2.752
eV) for 2 favor its strong nucleophilic behavior. In the saway, the low value of chemical potential and highue

of electrophilicity index ¢=3.886 eV) forl favor its electrophilic behavior.

Table- 8: Second order perturbation theory analysi®f Fock matrix in NBO basis of compound 3 for seltted donor (Lewis) and acceptor

(non-Lewis) orbitals

Donor(l) | Type | Occupancy| Acceptord) | Type | Occupancy| (B)3kcal/mol) | E(G)-E()"(a.u) | F())“(a.u)
C2-C13 T 1.60186 C9-Cl11 o 0.29341 14.29 0.29 0.059
T 1.60186 C4-C12 T 0.41594 26.54 0.29 0.078

C3-C10 T 1.64571 C15-C19 | =* 0.38873 16.64 0.28 0.061
T 1.64571 01-C5 T 0.30452 26.56 0.26 0.075

T 1.64571 C14-C17 | =* 0.38019 23.28 0.28 0.072

C4-C12 T 1.61089 C9-C11 * 0.29341 22.56 0.28 0.072
T 1.61089 C6-C7 T 0.15093 20.45 0.29 0.073

T 1.61089 C2-C13 o 0.43504 17.79 0.26 0.062

C6-C7 T 1.82079 C4-C12 * 0.41594 11.33 0.30 0.055
T 1.82079 01-C5 o 0.30452 24.75 0.27 0.076

C9-C11 T 1.74239 C2-C13 * 0.43504 20.72 0.28 0.071
T 1.74239 C4-C12 o 0.41594 14.40 0.29 0.060

Cl4-Cl17| = 1.57470 C15-C19 | =o* 0.38873 27.67 0.28 0.079
T 1.57470 C3-C10 T 0.43216 16.35 0.27 0.060

C15-C19| = 1.62354 C14-C17 | =* 0.38019 17.23 0.27 0.061
T 1.62354 C3-C10 * 0.43216 26.97 0.27 0.078

01-C5 T 1.97149 C3-C10 o 0.43216 4.36 0.39 0.041
LP(020) n 1.80131 C14-C17 | =* 0.38019 38.36 0.33 0.105
m 1.97320 C3-Cl14 o* 0.03783 7.79 1.09 0.083

LP(N8) n 1.69895 C16-H31 c* 0.02042 6.41 0.63 0.061
m 1.69895 C18-H34 o* 0.02036 6.38 0.63 0.061

n 1.69895 C18-H35 c* 0.01731 5.05 0.63 0.054

m 1.69895 C16-H30 c* 0.01720 4.99 0.63 0.054

LP(0O1) n 1.96738 C3-C5 c* 0.05270 4.97 1.11 0.067
C2-Cl11 c 1.97013 C2-C13 c* 0.02456 4.03 1.23 0.063
G 1.97013 N8-C16 c* 0.01584 4.16 1.03 0.059

C2-C13 c 1.97011 C2-Cl1 c* 0.02486 4.01 1.23 0.063
G 1.97011 N8-C18 c* 0.01587 4.16 1.03 0.059

C5-C7 c 1.97688 C4-C6 c* 0.02425 4.07 1.18 0.062
C6-H21 c 1.97372 C4-C9 c* 0.02851 5.14 1.06 0.066
o 1.97372 C7-H22 c* 0.01804 5.46 0.95 0.064

C7-H22 c 1.97905 C6-H21 c* 0.01886 4.03 0.97 0.056
C9-H23 o 1.97803 C2-Cl11 c* 0.02486 4.79 1.05 0.063
c 1.97803 C4-C12 c* 0.02400 4.12 1.08 0.060

C10-H24 G 1.97772 C3-C14 c* 0.03783 4.45 1.05 0.061
C11-H25 o 1.97664 C4-C9 c* 0.02851 4.45 1.08 0.062
C12-H26 c 1.97827 C2-C13 c* 0.02456 4.69 1.05 0.063
o 1.97827 C4-C9 c* 0.02851 4.30 1.07 0.061

C13-H27 c 1.97639 C2-Cl1 c* 0.02486 4.05 1.05 0.058
G 1.97639 C4-C12 c* 0.02400 4.35 1.08 0.061

C17-H32 o 1.97666 C3-Cl14 c* 0.03783 4.48 1.03 0.061
C18-H33 c 1.99033 C2-N8 c* 0.03363 4.38 1.01 0.060
C19-H36 o 1.97925 C14-C17 o* 0.02548 4.20 1.07 0.060

Table-9: Calculated Eiomo, ELumo , band gap (& — E.), chemical potential (1), electronegativity¥), global hardness 1), global softness

@ Energy of hyper conjugative interactions(stabiiiaza energy)
®Energy difference between donor i and acceptor PNibitals.
°Fock matrix element between (i) and ( j)NBO orlsita

(S) and global electrophilicity index () (in eV) for reactants 1, 2, product 3 at B3LYP/6311G (d, p) level

Evomo | Eiumo | EH—E x 1] n S [0)
Reactantl) | -6.422 -1.932 -4.490 4177 -4.177 2245 0.223 &.B8
Reactant2) | - 5.687 | -1.279 -4.408 3483 -3.483 2.204 0.227752.
Product(3) -5.497 -2.122 -3.375 3.80p -3.809 1.688 0.296 9A.p9

Local reactivity descriptors

Fukui function is one of the widely used local dgn$unctional descriptors to model chemical reatfi and
selectivity. Local reactivity descriptors such asdl softness (¥ Fukui function (f) and local electrophilicity
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index () [52] have been used in DFT theory for defining tieactive site within a particular molecule. Fukui
function f(r)is considered as one of the most fundatal indicator for defining the site selectivity a given
molecular species and soft-soft type of interactjiotme preferred reactive site in a molecule is dhe with
maximum values of (f S, ) [53]. Using Hirshfeld atomic charges of neutcafion and anion state of prodi8)
Fukui functions £, fi, ), local softnessess{, si,s?) and local electrophilicity indiceswf, wy, w)) were
calculated. Fukui functions, local softnesses aadllelectrophilicity indices for selected atomites in produc(3)
using Hirshfeld atomic charges have been listethinle 10.

The maximum value of local nucleophilic reactivigscriptors f; ,s,, w; ) in order O1 > 020 > N8, indicates
that these sites are prone to electrophilic affdek.maximum values of local electrophilic reactiviescriptors f;"
,Si,wi ) at carbon C-5, C-16, C-18 f¢B) indicate that this site is more prone to nuclebphittack. The
calculated relative local electrophilic reactividgscriptors at C-5 for synthesized molecule faher formation of
new heterocyclic compounds such as pyrazoline aadatine.

Table-10: Selected electrophilic reactivity descritrs (f;, si, wj ) and nucleophilic reactivity descriptors %, sj, wy) of product 3 using
Hirshfeld atomic charge at B3LYP/6-311G (d, p) leve

Atomno. | fi fi si Sk W} Wy

o1 -0.22495| -0.316077 -0.06658 -0.09366 -0.96705.35882

C5 0.14855 0.06239 0.04391 0.01847 0.63862 0.26821
C6 0.06800 -0.06208 0.02013 -0.01838 0.29235 -@266
C7 0.04742 -0.08975[ 0.01403 -0.026p7 0.20388 -B4885
N8 -0.00599| -0.13597] -0.00177 -0.040R5 -0.02%74 58464
C16 0.19854 0.03253 0.0587[7  0.00963  0.85351  0.13986
C18 0.19718 0.03649 0.05837 0.01080  0.84769 0.15686
020 -0.01186] -0.15278 -0.00351 -0.045p2 -0.05099.656B2

3.11. Dipole moment (g), mean polarizability (Jao|), anisotropy of polarizability (A a) and first static
hyperpolarizability (o)

Nonlinear optics deals with the interaction of agglelectromagnetic fields in various materialsgemerate new
electromagnetic fields, altered in wave numbersphar other physical properties [54]. Organic rooles able to
manipulate photonic signals efficiently are of imace in technologies such as optical communinatiptical
computing, and dynamic image processing [55]. DFBE Ibeen extensively used as an effective method to
investigate NLO properties of organic materialsotder to gain insight into NLO property of titleropound, the
first static hyperpolarizability ) were calculated by the finite field perturbatiorethod in vacuum as well as
incorporating the solvent factors with increasirdapity. First hyperpolarizability is a third ran&nsor that can be
described by a 3 x 3 x 3 matrix. The 27 componehthe 3D-matrix can be reduced to 10 componenéstdithe
Kleinman symmetry [56]. The componentsfodre defined as the coefficients in the Taylor sesigansion of the
energy in the external electric field. When the ek electric field is weak and homogeneous thisaegjpn
becomes:

E = EO - l.ll. Fi - 1/26{1—} Fi Fj— 1/6ﬁl]k FiP}'Fk + 1/24'}/ij1

Where Eis the energy of the unperturbed moleculeshé& field at the origin and,ju j andp jx are the components
of dipole moment, polarizability, and the first hypalarizability respectively. Using the x, y anda@mponents of
obtained from Gaussian 09 output, the magnitudéeimean first hyperpolarizability tensor can blewdated. The
total static dipole moment gy the mean polarizabilitydj|), the anisotropy of the polarizability ¢;) and the total
static first hyperpolarizability) using x, y, z components are defined as usingtemqsabelow:

1/2
ho= (k2 +p2+p22)”
| (Xol = 1/3(0(XX + Ayy + azz)
_ 1/2
Aa =272 o, — ayy)? + (Ayy — 0)% + (g — )?]
Bo = (B% + B3 +BHY?
Where
Bx = Baxx + Bxyy + Byzz
By = Byyy + Byxx + Byzz
Bz = Bzzz + Baxx + Bzyy

Since the X, y, z components af|| A o, andpy of Gaussian 09 output are reported in a atomicsroag (au), the
calculated values have been converted into elaatiosinit (esu) using (faty:1 au = 0.1482 x I¢fesu; forfy: 1 au
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= 0.0086393 x 18’ esu). The dipole moment gy polarizability (f|), anisotropy of polarizabilityAw) and first
static hyperpolarizabilityfp) are calculated at B3LYP/6-311G (d, p) level angspnted in Table 11. The calculated
first hyperpolarizability §)) of the title compound in vaccum is 2.63 2@su, which is comparable with the
reported values of related compounds [57].Fhealue is about 3.2 times more than fgenagnitude of standard p-
nitro aniline Bo= 0.83 x 16°° esu) and 20.2 times than that of standard NLO niadiarea(0.13 x 18’ esu). TheB,
value was found to increase monotonically with é&se in polarity of solvent. As evident from the Wi
spectrum and the TD-DFT results the electronicsitaons are mainly of — w*type operating through the charge
transfer axis. This charge transfer transitions @gponsible for good first order NLO response ia title
compound. We conclude that the title compound isatiractive object for future studies of nonlinegptical
properties.

Table-11: Dielectric constant £) for solvents, dipole moment (g (Debye), polarizability (ao) (10%“esu), anisotropy of polarizability (A «)
(10%esu) and calculated first static hyperpolarizabiliy (o) (10°° esu)

Medium € Mo Qo Ao '30
Vacuum - 8.23| -16.04 481l 2.63
Dichloromethane| 4.90f 10.4p -15.87 5.89 3J20
Ethanol 24.30] 10.69 -155D 6.02 3.27
Acetonitrile 36.64| 10.79 -1549 6.04 3.32

3.12. AIM calculations

Geometrical as well as topological parameters asfuli tool to characterize the strength of hydrogend. The
geometrical criteria for the existence of hydrodpemd are frequently considered as insufficient, ékistence of
hydrogen bond could be supported furtheilmgh and Popeliecriteria [58] based ofAtoms in Moleculestheory

(i) The existence of bond critical point for thedpon (H)-acceptor (A)’' contact as a confirmatioriltd existence of
hydrogen bonding interaction (ii) The value of &en densityp (H...A) should be within the range 0.002-0.035
au. The corresponding Laplaci§ifp @cpy Should be within the range 0.024-0.139 au. Acegydd Rozas et al[59]
the interactions may be classified as follows: {ip8g H-bonds are characterizedv)?yp(Bcp) <0;Hgcp<0; B

> 24.0 kcal/mol and their covalent character isiglgthed (i) medium H-bonds are characterize(ﬂﬁyBcp) > 0;
Hicry < 05 12.0 < g < 24.0 kcal/mol and their partially covalent chaeads established (jii) weak H-bonds are
characterized bvzp(Bcp) > 0; Hger) > 0 ; Big < 12.0 kcal/mol and they are mainly electrostatid the distance
between interacting atoms is greater than the sWiaieder Waal'’s radii of these atoms.

Molecular graph of the compour®] using AIM program at B3LYP/6-311G (d, p) level shown in Fig. 11.
Geometrical as well as topological parameters ¢ords of interacting atoms are given in Table 12 Various type
of interactions visualized in molecular graph al&ssified on the basis of geometrical, topologicad anergetic
parameters. In this article, tiBader’s theoryapplication is used to estimate hydrogen bondgnéE). Espinosa
[60] proposed proportionality between hydrogen bemergy (E) and potential energy densityddy at H—O
contact: E = ¥2(¥cp). As seen from molecular graph, one intra-molecHldond was found to be present between
0O1... H37. According to AIM calculations, the enefyintra-molecular H-bond was calculated as -1&é&&/mol.
The ellipticity €) at BCP is a sensitive index to monitor ttveharacter of bond. The is related toi; and,,
which correspond to the eigen values of ke@ssand defined by relationship= (\/ A,) — 1. The ellipticity §)
of bonds of two phenyl rings , C3-C5, C5-C7, C5-C8-C7, C6-C4 and C2-N8 of title molecule at BCE &r
range of 0.1006-0.2497.The lower values of ellipti¢s) confirm that that there is strong delocalizatafrelectron
molecule. The intra-molecular hydrogen bond betw®én.. H37 provides extra stability to molecule, #gng in
formation of six membered cyclic ring. The elliptycvalue bonds C5-C1, C3-C5, C14-C3, C14-020, GJ-and
H37-0O1 of this pseudo-ring were 0.0084, 0.10068851 0.0036, 0.0105 and 0.0039 respectively. Ttwget
ellipticity values confirms the presence of resoeaassisted intra-molecular hydrogen bond between GIB7.
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Figure-11: Molecular graph of compound 3 at B3LYP/6311G (d, p) level using AIM program: bond critical points (small green spheres),
ring critical points (small black spheres) and bondbath (black lines). (For interpretation of the references to color in this figure legend,
the reader is referred to the web version)
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Table-12: Geometrical parameters (bond length) antbpological parameters for bonds of interacting atms: electron densitypgce),
Laplacian of electron densityV?pece, ellipticity(e), electron kinetic energy density Gcr), electron potential energy density Mcp),
total electron energy density kkcp) at bond critical point (BCP) and estimatedritramolecular interaction energy (Ein.) of

compound 3
Interaction Bond Iength P@cP) \% Zp(BCp) € G(BCP) V(BCP) H(BCP) E it
H22 ... H24 1.958 0.011 0.045 0.705 0.009 -0.006 0®.p -1.88
O1...H37 1.619 0.035 0.149 0.004 0.045 -0.053 0.00816.63

3.13. Statistical thermodynamics

On the basis of vibrational analysis and statiktitarmodynamics, the standard thermodynamics fomst heat
capacity Cp, , entropy 8,and enthalpy P, were obtained at B3LYP/6-311G (d, p) and aredisteTable 13. It is
found that the standard heat capacities, entramiglsenthalpy changes are increasing with tempe@stemging
from 100 to 700 K due to the fact the molecularrailonal intensities are increasing with tempeegurThe
correlation equations between heat capacitiespgiets, enthalpy changes and temperatures were fifteyuadratic
formula. The corresponding fitting factors’){Ror these thermodynamic properties are 0.999 éfahalpy), 0.999
(for heat capacity) and 1.000 (for entropy) respebtt. Correlation graphs of thermodynamic functowms.
temperature (T) are shown in Fig.12. The corresioniitting equations between thermodynamic prdpsraind
temperature are as follows:

HY, = 188.4 + 0.013T + 9X1075T2, (R? = 0.999)
€0 = 11.35 + 0.256T — 9X1075T2(R? = 0.999)
SO = 66.10 + 0.282T — 6X10™5T2(R? = 1.000)

These equations can be used to compute other thgrmamic functions and can estimate the directidrchemical
reactions according to the second law of thermonhycs in thermo-chemical field [61].These equatiovi be
helpful for the further studies of the title compou As all thermodynamic calculations were dongas phase and
they could not be used in solution.

=—0—H = enthalpy
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Figure-12: Correlation graphics between heat capaty, entropy and enthalpy with Temp. (K)

Table-13: Thermodynamic properties of compound 3 atlifferent temperatures

Temperature (K) | H%(kcal/mol) | C%,n(cal/mol—-K) | S’n(cal/mol —K)

100 190.939 37.502 93.368
200 194.813 56.964 120.827

298.15 200.619 79.05 145.057
400 208.823 99.425 169.073
500 218.869 117.574 191.859
600 230.566 132.495 213.487
700 243.614 144.678 233.902
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CONCLUSION

The title compound was synthesized following ClaiSshmidt condensation reaction and the structdirthie
compound was confirmed by IB4 NMR, UV-Vis spectroscopy and single crystal X-wiffraction. The structure
was optimized by DFT using B3LYP/6-311G basis g&t geometrical parameters are in good agreemettls wi
XRD results. The vibrational wave numbers were éranhtheoretically and the normal modes were assidry
potential energy distribution calculation. The UVWs\épectrum studied by TD-DFT/CAM-B3LYP was readuypa
capable of predicting the excitation energies érel absorption spectra of the molecule. The molecorhital
coefficients analyses suggest that the electroaitsitions are mainly — =n*. The calculated HOMO-LUMO band
gap shows the chemical reactivity of the moleclUlsing NBO analysis the stability of the moleculésiaig from
hyper-conjugative interaction and charge deloctitipa through n-conjugated bridge has been analyzed. A
computation of the first hyperpolarizability indtea that compound may be a good candidate as arNat@rial.
The calculated relative value of local reactivigsdriptors £, si, w{ ) atC-5 indicate that this site is more prone
to nucleophilic attack. Thus, synthesized molecBlenay be used as intermediate for the synthesisewf n
heterocyclic compounds such as pyrazoline and dixezolntramolecular interactions and ellipticitjudied by
AIM approach confirms the presence of resonancestadsintramolecular hydrogen bond of medium stiengt
between O1... H37.
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