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Abstract

In this study, the structural properties of isoptioe derivatives withr-conjugation obtained by aldol
reactions have characterized by spectral analyseh ss FT-IR'H-NMR, and**C-NMR. The compounds
have optimized using Density Functional Theory (IB3BLYP) method with 6-311G(d,p) basis set in the
ground state and the geometric parameters have aoedpwith the results obtained by X-ray Single @Glys
diffraction technique. Also, the spectral resuhsve examined along with calculated vibrational
frequencies’H-NMR, *C-NMR chemical shift values. To get information @ththe chemical stability of the
compounds, some of the structure parameters (ibaizapotential, electron affinity, electronegatiyit
chemical hardness-softness, etc.) have been statligttt same theoretical levéllso, NLO propertiesind
antioxidant activities of the compounds have irigagtd by using DPPH free radical scavenging, reédgc
power and metal chelating metho&gectral and theoretical results are compatiblehveiaich other.

Keywords: Isophorone, spectral analysis, DFT, antioxidantity.

Aldol turevi izoforan yapilarinin sentezi, spektkalakterizasyonu, teorik
analizi ve antioksidan aktiviteleri

Ozet

Bu calkmada, aldol tepkimeleri ile elde edilen konjugasyonuna sahip izoforan tirevlerinin yapisal
ozellikleri FT-IR, 'H-NMR ve ®*C-NMR gibi spektral analizler ile karakterize edijtir. Yogunluk
Fonksiyoneli Teorisi (YFT/B3LYP) kullanilarak 6-&(t,p) baz seti ile taban durumunda optimize edilmi
ve geometrik parametreleri, XHni Tek Kristal difraksiyon yontemi ile gercedtlglen kristal yapi analizinin
sonugclari ile kagilastirimistir. Ayrica spektral sonuglar, teorik olarak hesapén titrgim frekanslari,*H-
NMR ve'*C-NMR kimyasal kayma derleri ile birlikte incelenmitir. Bilegiklerin kimyasal kararllgi
hakkinda bilgi sahibi olabilmek icin bir takim yaparametreleri (iyonlama potansiyeli, elektron ilgisi,
elektronegatiflik, kimyasal sertlik-yugaklik, v.b.) kuramsal diizeyde incelestini Bilesiklerin NLO
Ozellikleri ve antioksidan aktiviteleri; DPPH sedteradikal giderme, indirgeme giici ve megalatlama
metotlari kullanilarak incelenngtir. Spektral ve kuramsal sonuclar birbiriyle uylwaur.
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1. Introduction The compounds were synthesized by different three
methods;  conventional thermal, microwave,
Isophorone has a peppermint-like odour and used ssnication.
an intermediate component in the organic synthesis
and also solvent in the production of paints an@onventional thermal 3,5,5-trimethylcyclohex-2-
printing inks, lacquers, adhesives, resins, waxesnone (1.1 mmol) was added to aromatic aldehydes
oils, and pesticides [1-4]. Besides the industis@s (1.1 mmol). The aqueous methanolic sodium
of isophorones, are observed to exist environmentaydroxide solutions were added dropwise over 30
water, drinking water and in some nutrients such aminutes. The reaction mixture was refluxed for 12
cranberries, wheat, rice, beans, soy sauce, eté: [1 h, before it was poured into ice-cold water anchthe
7]. Studies on the effects directly affecting hamaleft to cool to room temperature. The solid was
life have reported skin, eye, nose and throatollected and recrystallized from ethanol.
irritations caused by solvent vapour fumes during
use in the printing industry [1]. It has also beeMicrowave: 3,5,5-trimethylcyclohex-2-enone (1.1
observed that the studies on animals have causeumnol), aromatic aldehydes (1.1 mmol) and
respiratory failure, allergic contact dermatitisnal methanolic sodium hydroxide solutions were placed
and liver damage [2, 8-11]. into the microwave vessel (30 mL), which the vessel
was sealed with a pressure control cap, and
Isophoroneg,B-unsaturated carbonyl compound andrradiated 15 min at 400 W. After reaction
give aldol reactions with aromatic aldehydes. Aldocompletion was done same way conventional
reactions are one of the reactions that lead to theethod.
formation of significant carbon-carbon bonds in
organic synthesis [12].  Alsog,B-unsaturated Sonication 3,5,5-trimethylcyclohex-2-enone (1.1
carbonyl moiety a structural part of the naturainmol) was added to aromatic aldehydes (1.1 mmol).
product, which has active role of the biologicallhe aqueous methanolic sodium hydroxide solutions
activity such as microbiological reduction [13],were added drop-wise over 30 minutes under N
anticancer drug [14] etc. atm. via ultrasound irradiation at 35-40 °C for 6 h
The reaction mixture was terminated and purified
In this paper, our aim is the determination of myati ~ similar way of conventional methods.
reaction conditions under microwave, sonication,
and conventional methods and investigates thEhe synthesis process of the compoun@g)-5,5-
structural properties of naphthyl and chlorophenydlimethyl-3-(2-(naphyhalen-1-yl)vinyl)-cyclohex-2-
derivatives of isophorone. We have reported that trenong¢  and 1l ((E)-3-(4-chlorostyryl)-5,5-
synthesis process, single crystal X-ray structiRe, dimethylcyclohex-2-enopeavhich synthesized from
and NMR spectral analysis results of t{#)-5,5- 3,5,5-trimethylcyclohex-2-enone and related
dimethyl-3-(2-(naphyhalen-1-yl)vinyl)-cyclohex-2- aldehyde through aldol reaction are shown in Figure
enone and (E)-3-(4-chlorostyryl)-5,5- 1.
dimethylcyclohex-2-enonompounds. In addition,
theoretical analyses on the structures were carri€bmpoundl: (E)-5,5-dimethyl-3-(2-(naphyhalen-1-
out by using Density Functional Theory (DFT) and/l)vinyl)-cyclohex-2-enoneWhite powder; yield %
evaluated along with experimental results of th&8, mp 172C, Rf 0.072 (1:2 Ethylacetate: hexane);
molecular geometry parameters, vibrationaFTIR: 3054, 3027, 2964, 1646, 1606, 1578, 1455,
frequencies, and chemical shifts values. To leark861, 1301, 1247, 967, 792, 768 triH NMR (600
about the chemical reactivity properties of théiHz, CDCk) 6 8.15 (d,J = 8.3 Hz, 1H), 7.86 (dd]
compounds, frontier molecular orbital energiess 20.0, 8.0 Hz, 1H), 7.78 (d,= 15.9 Hz, 1H), 7.74
ionization potential, electron affinity, (d,J=6.9 Hz, 1H), 7.63 — 7.44 (m, 1H), 6.97 Jc&;
electronegativity, chemical hardness-softness ett5.9 Hz, 1H), 6.97 (dJ = 15.9 Hz, 1H), 6.13 (s,
electronic structure parameters were examinedeat thH), 2.59 (s, 1H), 2.35 (s, 1H), 1.16 (s, 1H) ppig,
same theoretical level and in the gas phase. MMR (151 MHz, CDC}) § 200.19, 154.69, 133.72,
addition to, nonlinear optical (NLO) behaviour andl33.39, 132.37, 131.63, 131.24, 129.40, 128.83,
antioxidant activities via DPPH radical scavenging]l27.36, 126.52, 126.07, 125.63, 124.30, 123.20,
reducing and metal chelating of compounds wergl.47, 39.25, 33.40, 28.58 ppm. LC- MSD: jM

investigated. 276.15, (M+1) 277.16 m/z.
Compound Il: (E)-3-(4-chlorostyryl)-5,5-
2. Experimental details dimethylcyclohex-2-enonéVhite powder; yield %
80, mp 168C, Rf 0.081 (1:2 Ethylacetate: hexane);
2.1. Synthesis FTIR: 3035, 3027, 2951, 2880, 1655, 1616, 1579,

1486, 1367, 1297, 1243, 968, 836, 8287crH
NMR (600 MHz, CDC))  7.42 (d,J = 8.6 Hz, 1H),
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7.34 (d,J = 8.5 Hz, 1H), 6.91 (q] = 16.2 Hz, 1H), 134.75, 134.49, 133.48, 130.13, 129.06, 128.90,
6.08 (s, 1H), 2.46 (s, 1H), 2.27 (s, 1H), 1.111¢d) 128.34, 127.46, 51.40, 39.02, 33.32, 28.48 ppm. LC-
ppm,*C NMR (151 MHz, CDGJ) § 200.06, 154.22, MSD: (M") 260.10, (M+1j 262.06 m/z.

0]
o) NaOH/EtOH,
0 reflux
or
* Ar)J\H »
sonication under N, atm
or (0]
microwave
I (
Cl
Os_H H_O I

Cl

Figure 1. The scheme of the synthesis processeatdmpounds.

2.2. Materials and instrumentation 3. Theoretical analysis details

Microwave reactions were run using a Discover

Synthesis Model of the CEM. Ultrasound assiste@he theoretical analyses were carried out using the
reactions were carried out using a BandeliGaussian 09W [19] package and GaussView 5.0
ultrasound with 35 kHz frequency. IR spectra waf20] graphical interface programs for isophorone
obtained with a "Perkin Elmer, FT-IR" system andlerivatives compoundl and Il.  The initial
reported in terms of frequency of absorption (¢m molecular geometries of the compourandlil were
Melting point was determined on a capillary pointaken on the coordinates obtained from the X-ray
apparatus equipped with digital thermometeriffraction data and the optimization process was
“Thermo”. NMR spectra were determined with acarried out using DFT/B3LYP (Becke's Three-
"Bruker Ac-400 and 600 MHz NMR". Mass Parameter Hybrid Functional using the Lee, Yang
spectrometer was measured with AB-Sciex LCand Parr Correlation Functional) [21-23] method
MS/MS-QTrap. The compounds have beemith 6-311G(d,p) the basis set in the ground state.
identified in the AUMAULAB Central Laboratory Harmonic vibrational frequencies which are helpful

in Amasya University in Turkey. in determining the functional groups of the
compounds were examined. Because of the spectral
2.3. Crystallography values gave anharmonic vibrations [24], the

The single-crystal X-ray data of the compound | andalculated values were multiplied by the scale
Il were collected on a Bruker D8 QUESTO0.9682 [25] in order to remove the systematic arror
diffractometer. All diffraction measurements werethat may occur. *H and **C-NMR chemical shift
carried out at room temperature (296 K) usingalues were calculated according to GIAO (Gauge-
graphite  monochromated  MoeK radiation Independent Atomic Orbital) method [26] and also
(A=0.71073 A). Reflection data were recorded iTMS which an internal standard chemical shifts as
the rotation mode with the scan technique by solvent deuterated chloroform (CDBEI The frontier
using X-AREA software [15]. The structure ofmolecular orbital energy values, the highest
cyclohexenonewvas solved by direct methods usingoccupied molecular orbital (HOMO) and the lowest
SHELXS-97 [16] and refined by full-matrix leastunoccupied molecular orbital (LUMO), were
squares techniques againéusing SHELXL-2014/7 calculated for the compounds. And some structure
[17] implemented in WIinGX [18] program suit. Theparameters were examined such as ionization
molecular graphics were done using ORTEP-3 fquotential, electron affinity electronegativity,
Windows [18]. The parameters of the refinementhemical hardness-softness, etc.

process and details of the data collection comutio

are given in Table 1.
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Table 1. Crystallographic data and structure egfiant parameters for the compounds.

Compound | Compound Il
CCDC denosition n 156034! 156033¢
Color Yellow Yellow
Chemical formul CorH-O Ci.:H.-ClO
Formula weiat 276.3¢t 260.7:
Temperature (k 29€ 29¢
Wavelenath (A 0.71073 M-Ka 0.71073 M-Ka
Crvstal svstel Monoclinic Triclinic
Space aroL P2:/n P-1
Unit cell paramete
7.490 (8), 13.9353 (15), 15.0557 6.1638 (9), 9.4790 (15),12.764
a,b,c(A)
(14 (2)
o 88.812 (6), 84.727 (5), 73.132
a By () 94.681 (4) ©) 847276
Volume (&) 1566.2 (17 710.64 (1¢
z 4 2
Dearc (g/cn?) 1.172 1.219
u (mmh 0.07 0.26
F(000 592 27¢€

Crvstal siz (mnm)
Diffractometer/measurement metl

Index ranges

0.22x0.19x0.1
STOF IPDS Zm seat

-9<h=<9, -1Kkk=<17, -1%lI

0.15x0.11 x 0.1
STOF IPDS 2m sear

-8<hs<8, -1Xk<12, -1%|

<18 <17
A ranae for data collectior®) 2.6<0<2€ 3.2<9<28:F
Reflections collecte 2708! 2921(
Indenendent/observed reflectis 2953/225. 3566/200
Rine 0.04¢ 0.06(
Refinement methc Full-matrix leas-sauares oiF? Full-matrix leas-sauares olF?
Goodnes-of-fit on F2 1.0¢ 1.0¢
Apmax Apmin (1K) 0.23, -0.17 0.18, -0.21
i ! ionizati 1/2
Accordmg to Koopmans Thec_;ry [27], |on|zat|on#wt _ (#ch + 2+ #g) (4)
potential () and electron affinity &) can be

Atot = (axx + ayy+azz)/3 (5)

expressed as,

1) The first-order hyperpolarizability is a third rank
tensor and it has 27 components indicated as a 3 x3
x 3 matrix but Klienman symmetry allows to reduce
10 components [34, 35] owing By, = Byxy =
Byyx = -+ in a similar way, other components will
(2) also be equal to the same value. The magnitude
value of the first-order hyperpolarizability usitige
Similarly, other reactivity parameters are chemicalemaining componentSy.x » Buxy » Bryy » Byyy s
softness § [30], electronic chemical potential)(  Bixz: Bxyz» Byyzs Bxzz+ Byzz+ Bzzz » Can be
[27b, 31] and electrophilicity index») [32] which calculated with;
defined as,

I=-Epomo and A=-E ywo

electronegativity ) and chemical hardnessy)(
[28,29] can be calculated as,

x=(+A)/I2 and #n=(1-A)/2

tot = [(ﬁxxx + ﬁxyy + BXZZ)Z + (ﬁyyy +

S=1/2y, u=-(1+A)/2 d w=4%2n, 3 1/2
2 u=(+A)f2 and =412y B g+ Bye)? + Boss + Bove + By 2> (6)

respectively. o ] )
Polarizability’s unit was converted into esu

Also, NLO (Nonlinear Optical) behaviours of the(€lectrostatic unit), (1 a:g=9.148_2><¥0esu) and
structures were analysed and the total electrioleip first-order hyperpolarlza%%;tys unit was conveite
momentp,,, and its componentg;(i— x,,z), the N0 esu, (1 a.u=8.6393xT0esu) [36].
polarizability a;;, the first-order hyperpolarizability

Bijr values and their components for the compound . .

were calculated with DET/B3LYP/6-311G(d,p). 4 Results and discussion

The total dipole momentu and the total 4.1.Reaction y|ellds . .

e tot . The results obtained according to different methods
pOIa”.Zab'l'tya“’.t values .can be computable with theapplied in the synthesis process of the compounds
following equations [33]; are given in the Table As can be seen in the Table

2, in general reaction times were decreased under
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microwave. When the reactions were generated lgjelds have become more improvement than
sonication with temperature controlled, reactiomicrowave and conventional methods.

Table 2. Effect of changes in methods on reagtield.

Compounds Mi(_:rowave/'l'_ime(min): So_nication/'l‘_ime(min) : Conven_tionaI/Time(min):
isolated yield (%) isolated yield (%) isolated yield (%)
I 15:80 360:87 720:78
1l 15:85 360:90 720:80
Table 3. Hydrogen bonding geometry for the comloluaind 1.
D—H...A D—H (A) H---AA) D---A(A) D—H---A (%)
Compound |
C7—H7---01 0.93 2.52 3.362(4) 150
Compound Il
C16—H17.--01 0.93 2.50 3.220(3) 134

Symmetry code: (i) x+3/2,y-1/2, z+3/2, (ii) %X-2, y+2, =z

4.2. Description of the single-crystal structures The C19-O1 bond length is a little shorter than
In this study, two crystal structures containinditerature values [38,39]. In the compound
cyclohexenone were clarified by x-ray diffractionstructure, the C7—H7---O1 intermolecular
method. ORTEP drawings of the compounds arénteraction observed. In the compound,
shown in Figure2-(@) and (b).The compound  C;¢H.;ClO, dihedral angle between the 5,5-
contains naphthalene group together witldimethylcyclohex-2-enone moiety and chlorophenyl
cyclohexenone. This structure is monoclinic havingroup is 20.2%4 The dimethylcyclohex ring (C1-C2)
the space group BB, with four molecules per unit shows an envelope conformation. Similarly, C2-O1
cell. Similarly, the compound Il contains bond length is a little shorter than literatureues.
chlorophenyl ring together with cyclohexenone ant¢h the compound structure, the C16—H17.--01
this structure is triclinic having the space grdyd intermolecular interaction observed. Details can b
with two molecules in unit cell. When we look atseen in Table 3.
the literature, the polymorph of compounid
appears in monoclinic form [37]. 4.3. Optimized structure analysis
(@) Some of the selected structural parameters such as
M/ \ bond lengths and angles, torsion angles over the
p 2 - P optimized geometries of the compounds were
N\ m/ compared with the crystallographic values and the
/ ,/ \ results were given in Table 4. As can be seen from
~ \ \ T~ the Table 4, carbon-oxygen double bond lengths are
e S~ ( 1.233A as crystallographic, 1.219 A as theoretical
\ for the compound, 1.222 A crystallographic, 1.219
' A as theoretical for the compoutid These values
\ are compatible with each other and as well as with
(b) typical C=0 length of 1.22A [40]. C=C double bond
/ _ lengths, C13-C20, C11-C12, are 1.355, 1.349 A
- \et theoretically for compound, C1-C6, C9-C10, are
) \, / _—\ 1.356, 1.348A theoretically for compound. In a
AN, N, / " similar study, these lengths were indicated as3,.38
\” Wil \ /"" 1.385A for the DFT/6-311++G(d,p) [41]. For the
e { . N compound I, C-Cl bond length is 1.74R as
. . crystallographic value, 1.758 as theoretical value
;'""‘{ and in another study involving chlorophenyl group,
m/ ' this length was indicated as 1.755 A for the DFT/6-
31++G(d) [42]. Conjugated diene group bond
angles, C11-C12-C13 for the compoundre stated
as 127.8, 126.2°, C10-C9-C6 for the compolind
126.8, 126.1° experimental and theoretical
drespectively.

Figure 2. a) An ORTEP-3 view of the compound
b) An ORTEP-3 view of the compourhid

In the compound, C,;H,,O, dihedral angle between
the 5,5-dimethylcyclohex-2- enone moiety an
naphthalene group is 1922The dimethylcyclohex
ring (C19-C20) shows an envelope conformation.
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Table 4.Some selected structure parameters of the compounds

Compound | Compound I

DFT/B3LYP/ DFT/B3LYP/

Parameters Exp. 6-311G(d,p) Parameters Exp. 6-311G(d,p)
Bond Lengths @)
C19-01 1.233 (4) 1.219 C2-01 1.222 (2) 1.219
C13-C20 1.344 (4) 1.355 C1-C6 1.346 (4) 1.356
C12-C13 1.455 (4) 1.454 C6-C9 1.456 (3) 1.454
C11-C12 1.321 (4) 1.349 C9-C10 1.326 (3) 1.348
C10-C11 1.476 (4) 1.466 C10-C11 1.467 (2) 1.462
C19-C20 1.457 (4) 1.468 C2-C1 1.453 (3) 1.468
C15-C16 1.522 (4) 1.537 C4-C7 1.530 (3) 1.541
C15-C17 1.526 (4) 1.541 Cl4-Ci1 1.740 (19) 1.756
C14-Hy; 0.970 1.094-1.098 C5-d 0.970 1.094-1.098
C16-H16., 0.960 1.094-1.093-1.094 C8-Hg 0.960 1.094-1.093- 1.094
Bond Angles {)
01-C19-C20 120.8 (3) 121.6 01-C2-C1 121.8 (2) 1215
01-C19-C18 121.8 (3) 121.8 01-C2-C3 121.6 (3) 121.9
C20-C13-C12 119.2 (3) 119.1 C1-C6-C9 119.8 (17) .ai19
C12-C11-C10 125.9 (3) 125.2 C9-C10-C11 126.8 (18) 27.4
C11-C12-C13 127.8 (3) 126.2 C10-C9-C6 126.8 (17) 6.12
C12-C13-C14 120.2 (2) 120.3 C9-C6-C5 119.6 (16) 320
C1-C10-C11 121.1 (2) 120.7 C10-C11-C12 120.0 (17) 18.4
C2-C1-C6 117.1 (3) 117.8 C12-C11-C16 117.7 (17) 817
C2-C1-C10 123.4 (3) 1231 C8-C4-C5 109.4 (17) 109.1
C16-C15-C14 110.0 (2) 109.2 C13-C14-Cl1 119.7 (16) 119.6
C10-C11-H11 117.1 116.2 C15-C14-ClI1 119.0 (17) 419.
C11-C12-H12 116.1 118.7 C10-C9-H9 116.6 119.3
Torsion Angles ()

01-C19-C20-C13 -175.8 (3) 177.249 C6-C1-C2-01 1172 177.1
C15-C18-C19-01 -156.5 (3) -149.432 01-C2-C3-C4 0499) -149.1
C10-C11-C12-C13 177.4 (3) -178.676 C6-C1-C2-C3 (8)6 47
C10-C1-C2-C3 179.6 (3) -179.840 C6-C9-C10-C11 -39817) 179.1
C11-C12-C13-C14 2.5(5) 1.491 C5-C6-C9-C10 2113 1.4
C11-C12-C13-C20 -175.2 (3) -177.040 C1-C6-C9-C10 76:0 (19) -177.1

In general, when these types of comparisons aamd methyl groups, as spectral and theoretical.
made, it was observed that the geometric paramefEnese values are in agreement with the region of
values are compatible with each other. It is thaugt8000-3100cr}, where characteristic C-H stretching
that the small differences are caused by thigands observed especially in the aromatic groups
acceptance of the compounds in the solid phase [d8-44]. The carbonyl group C=0 bond stretching
the crystallographic analysis process and in tte gsibration modes are appeared at 1646 cas
phase at the theoretical analysis process. experimental, 1683 chas theoretical for compound

I, 1655 crt as experimental, 1685 ¢m as
4.4. Spectral analysis theoretical for compount. This vibration mode is
4.4.1. Vibrational frequencies one of the most characteristic bands on the wiile |
The anharmonic and scaled harmonic vibrationapectrum and is observed in the ketone aldehyde
frequencies of the compounds were recorded in thgoups in the interval of 1740-1725 ¢rfé5]. But,
range of 4000-400 ch Theoretical frequencies stretching frequencies of the compouhdand II
have been compared with experimental spectralere recorded at lower values due to the effect of
values and given in Table 5. The GaussViewhe conjugation. A similar mesomeric effect was
molecular visualization program [20] has been verglso observed in another study [46] involving the
helpful in interpreting the stretching and bendingyclohexanone group and the same band was
vibration assignments. recorded as 1645 c¢hspectral, 1666 cththeoretical

with DFT/B3LYP/6-31G(d) level. The C=C
Compoundl has 41 atoms, and 117 normal modestretching absorption band is another major
of vibrations which consist 40 stretching and 7t€haracteristic peak and generally appeared in the
bending vibrations while compourt has 35 atoms, region 1625-1590 cij47] for conjugated alkene
and 99 normal modes of vibrations which consist 3groups, this band is recorded at 1606'c611 cm
stretching and 65 bending vibrations.  BotHfor the compound, 1616 crit, 1614-1583 ci for
compounds contain characteristic C-H, C=0, anthe compoundl, as experimental and theoretical,
C=C stretching vibration bands. Symmetric andespectively. Aromatic ring C=C stretching
asymmetric C-H stretching vibrations are observedbrational modes are observed as 1578 spectral
at 3000 crit and above for aromatic and dienevalue, 1578-1497 cih theoretical value for the
groups, 3000-2900 cfrin region for cyclohexenone compound!, 1579 cni spectral value, 1549 c¢h
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theoretical value for compoundl, and these the range of 8.15-1.16 ppm, 200.19-28.58 ppm for
wavenumbers values in good agreement with thtee compound, 7.42-1.11 ppm, 200.06-28.48 ppm
literature [45,48-50]. C-H in plane and out-ofiq@a for the compoundl. As calculated these values
bending vibrations bands belong to compounds wewdth GIAO method were obtained within the range
assigned at around range 1486-792 “‘cmof 8.41-0.79 ppm, 203.64-27.13 ppm for compound

experimentally, 1466-783 chtheoretically. I, 8.05-0.73 ppm, 203.55-27.07 ppm for compound
II. All experimental and theoretical chemical shift
4.4.2.*H and **C-NMR chemical shifts values of compounds are shown in Table 6.

Experimental and theoreticdH-NMR and **C-
NMR chemical shifts values were recorded within

Table 5. Comparison of the experimental and theoreticalatibnal frequencies of the compounds.

Compound | Compound Il

- Experimental  Calculated (cm Experimental Calculated
Assignment p(cm’l) D) ( Assignment p(cm’l) (cm®)
Ve(C-H)naphthaten 3054 3097-3088 v¢(C-H)chioropheny 3035 3101
Vad C-H)naphthater 3027 3062-3059  va(C-H)chioropheny 3027 3067-3084
Ve(C-Hmetny 2964 2989  v(C-Hmety 2951 2990
v(C=0) 1646 1683 V(C-H)methylen: 2880 2904
V(C=Caken: 1606 1611 v(C=0) 1655 1685
V(C=Caphthalen 1578 1578-1497 v(C=Cjken 1616 1614-1583
0(CH)methyi 1455 1458 V(C=Ciorophen, 1579 1549
Y(CH)metny 1361 1358  a(CH)memny 1486 1466
Y(CH)aken 1301 1302 Y(CH)methy 1367 1359
Y(CH)haphthater 1247 1243 Y(CH)aken 1297 1294
8(C|—|)naphthalen 967 966 Y(CH)chlorophen) 1243 1280
®(CH)naphthater 792 783 S(CH)chioropheny 968 942
ﬁnaphtalen 768 778 Hchlurophen\ 836 840
ecyclohexenon - 653 ecyclohexenon 828 826

* v, stretching (s; symmetric, as; asymmetrig) scissoring,y; rocking, »; wagging,d; twisting, #; ring deformation; ring breathing

Table 6. Experimental and theoreticC-NMR and'H-NMR isotropic chemical shifts for the compounds.

Compound | Compound Il
Experimental Theoretical Experimental Theoretical
Atom (Pppm) (ppm) Atom (Pppm) (ppm)
C1 131.24 138.06 C1 129.06 135.01
Cc2 123.30 129.19 Cc2 200.06 203.55
C3 126.52 132.90 C3 51.40 55.96
C4 126.07 132.33 C4 127.46 40.78
C5 128.83 135.47 C5 39.02 42.43
C6 131.63 140.11 C6 154.22 164.07
c7 129.40 136.73 Cc7 33.32 29.90
Cc8 125.63 131.78 C8 28.48 33.70
Cc9 124.30 131.24 Cc9 128.34 136.66
C10 133.72 141.86 C10 134.49 141.03
Ci11 133.39 141.16 Cil1 133.48 141.31
C12 132.37 140.12 C12 130.13 139.06
C13 154.69 164.49 C13 130.13 135.68
Ci14 51.47 42.50 Cil4 134.75 150.07
C15 39.25 40.97 C15 128.90 135.67
C16 33.40 33.98 C16 128.90 130.88
C17 28.58 27.13 H1 6.08 6.06
c18 123.20 124.44 H3 2.27 2.38-2.08
C19 200.19 203.64 H5 2.46 2.45-2.40
C20 127.36 134.62 H3. 111 1.46-0.79-0.73
H2 8.15 8.41 H8s. 111 1.22-1.14-1.09
H3,H4 7.74 7.89 H9 6.91 7.31
H5,H7 7.86 8.20 H10 6.91 7.04
H8 7.63-7.44 7.80 H12 7.34 7.38
H9 7.78 8.09 H13 7.34 7.46
H11,H12 6.97 7.29,7.27 H15 7.42 7.50
H14,, 2.35 2.64-2.63 H16 7.42 8.05
H16,p, 1.16 1.29-1.17-1.17
H17ap, 1.16 1.55-0.88-0.79
H18,p, 2.59 2.43-2.10
H20 6.13 6.13

ppm; parts per million and for the numbering of #items is basis on Figure
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Carbonyl group carbons, C19 for compoundnd associated with the ability of electron donate and
C2 for compoundl , have the highest chemical shiftacceptor of molecules. And the energy gap between
values, because the oxygen atom WwitiAE=Eomo-ELumo Vvalue gives information about
electronegative character reduces the electrdinetic stability, polarizability and chemical
density around the carbons. The chemical shiftardness and softness of the molecules [57]. delar
value of C19 is observed at 200.19 ppm, 203.64, Ghergy gap value indicates high kinetic stabilibyy

is observed at 200.06 ppm, 203.55 ppm, as spectcilemical reactivity [58]. The energy gap value is,
and theoretical, respectively. These values are XE=3.59 eV for the compount 3.80 ev for the
agreement with the range of 150-220 ppm where tlemmpoundll . According to these values, it can be
chemical shift values of carbonyl groups [51]said that compound has softer, a lower kinetic
Alkene group, sp hybridized C13 (with values stability and a higher chemical reactivity than
154.69/164,49 ppm-exp/theo) of the compound compoundl .

and C6 (with values 154.69/164,49 ppm-exp/theo)

of the compoundl atoms have other high chemical Table 7. Some chemical reactivity features of the

shift values. Aromatic ring carbon atoms have give compounds.

as expected the signal at 100-150 ppm [52,53], and

C1 to C10 atoms, belonging naphthalene group for Compound | Compound I
the compound, are observed at 133.72-123.30 ppm (Eggxrtee) -849.60933515  -1155.55827396
experimentally, 141.86-129.19 ppm theoretically. Evouo (V) -5.9552 -6.2940
The chemical shift values of C11 to C16 atoms, ELuvo (€V) .2.3627 -2.4931
belonging chlorophenyl group for the compouhd 1(eV) 5.9552 6.2940
are observed at 134.75-128.90 ppm experimentally, A (V) 2.3627 2.4931
150.07-130.88 ppm theoretically. The C14 atom has ”‘1((2\\?) ﬁggg ‘I'gggi
a higher chemical shift than the other carbon atoms S(eVh 0.2783 0.2630
because of the chlorine atom with the electron u(eV) -4.1590 -4.3935
withdrawing character has caused its resonance _®(eVv) 4.8149 5.0786

value to observe at downfield. A similar substtot o o
effect depending on the ortho-para position had able 8. The electric dipole moment, polarizability

identified in the studies involving other and first hyperpolarizability
chlorophenyl groups [54,55]. of the compounds.
Aromatic protons chemical shift values are 8.15- Bgl_o\?;eg“”d' 83&‘;%’03‘12‘33”(1
7.78 ppm as spectral values, 8.41-7.80 ppm as 311G(d p') i @p)
computed values GIAO method for the compound Electric Dipole Moment (D)
7.42-7.34 ppm as spectral values, 8.05-7.04 ppm as Iy -3.7525 1.1525
computed values GIAO method for the compound Hy 2.5967 -3.3411
Il. These values are compliance with each other and - i-%iig ‘??-53::;‘
literature [56] that indicates as 6.0-8.5 ppm for Bror Po'larizabmty (X1024esu)'
aromatic protons. Alkene protons come to resonate 59 7320 57 8562
in downfield with a secondary magnetic field effect Uy -3.8094 -4.6165
due to the circulation of the double bound electron ay, 35.9418 27.7195
in the magnetic field and are observed in the ayera [ -2.4538 0.5255
range of 6.5-5 ppm [56]. In the present study, yz fg'lzgé‘; 115'255;‘7
. . . a,, . .
especially chemical shift values carbonyl graup a 383201 337578

protons H20 and H1 have recorded 6.13 ppm as First Hyperpolarizability (x10-esu)

experimental and theoretical for the compound B 29266.2302 -32549.63
6.08 ppm as experimental, 6.06 ppm as theoretical g _ 964.4063 1588.451
for the compoundl. The methylene and methyl By -891.9190 691.0706
group protons have given low chemical shift values Y 121.6856 -924.8111
in upfield and assigned at average in the range of ;14621060 -515.558
2.3-0.7 ppm experimentally and theoretically. This 8. 37.2578 219.4166
range confirms that the protons attached td sp 5 24,0059 185.1557
hybridized carbon can be observed at 0-2 ppm [47]. i 215.0873 -418.5473
B, 5906659 -445.1883
4.5. Some chemical reactivity parameters B 179.6505 -514.6439
The HOMO and LUMO energy values for the Birot 28678.1200 32288.9099

compound | and Il are examined with

DFT/B3LYP/6-311G(d,p) level in gas phase to haves it is known ionization potentialI) is the
information about the chemical stability ofminimum energy required to remove an electron
compounds. The HOMO-LUMO energies argrom an atom or molecule, electron affinity)(is
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described as the change in energy when an electroimlorophenyl derivative of isophorone, exhibits a

is added to a neutral atom in the gas phase, chémibigher NLO behaviour than compouhar naphthyl

hardness and softness are defined as a measuraefivative.

inhibition of intramolecular charge transfer [59].

Some reactivity parameters defined by the equatiods7. Antioxidant activity

(1), (2) and (3) are given in Table 7. Antioxidant activity of the compounds various
fraction (10-10Qug/mL) was determined using three

In general, it can be said that compoudhas different assays. Antioxidant assay of extracts for

higher reactivity parameters than compouhd the compounds are shown in Figure 3.

When the ionization potentials are examined, it can

be said that compouridhas better electron donatingDPPH Free Radical Scavenging Activity

properties than compourid, while electron affinity It was found to be used in -vitro antioxidant aityiv

values are examined compouihchas better electron depend on 1,1-diphenyl-2-picryl-hydrazyl (DP#HH

accepting properties than compoundd The compound. The violet colored were disappeared

compoundll has the higher chemical hardnegy ( when reaction started with compounds and standards

the lower chemical softnesS)(than compound, so as BHA, BHT,a-tocopherol free radical scavenging

intramolecular charge transfer may be less possiblectivity was calculated Brand-Williams methods

Also, these results support the view that we hav@6]. The percent inhibition activity was calcuddt

already mentioned about with respect to the faat thusing the following equation:

compoundll has a higheAE value tharl. A good

electrophile has a high chemical potential and lo\Free radical scavenging effe®i= [(Ay-Ag)/Aq]-100

chemical hardness value [60], in which case

compound | exhibit better electrophile character(A;= the control absorbance amil= the sample

than compound . solution absorbance)

4.6. NLO properties Reducing Activity
The design of materials with NLO character is on&he reducing activity is known the important detail
of the current research topics and they have beeh antioxidation according to Oyaizu method [67].
used optical modulation, optical switching, opticaln this method, we used potassium ferricyanide
logic, optical memory for the emerging technologie$K ;Fe(CN)}], TCA, FeClI3, and absorbance was
in the area of telecommunications, transmission aheasured 700 nm in the microplate reader. The
optical signals, optical interconnection, sensinccompounds showed rises of activity depend on
frequency shifting, signal processing, laser and iconcentration.
the other application of optoelectronics [61-65].

Metal Chelating Activity
In order to be able to examine the NLO behaviour dfleasurements of metal chelating activity of
the compoundl and Il, the values of the total compounds were estimated according to the method
electric dipole momenty,,,, the polarizability,a;;, —of Decker and Welch [68]. The chelating activify o
the first-order hyperpolarizability3, ,, values and the sample on F& was compared with that of
their components have been calculated witEDTA atthe same concentrations and was measured
equations (4), (5) and (6). The results obtained adt 562 nm.
given in Table 8. The calculated total dipole ) o
moment, u,,;, total polarizabilitya,,,, first-order Metal chelating activity%) = [(Ao-A1)/Ag]. 100
hyperpolarizability8;,;, values are 4.7148 D,
38.3201x10* esu, 28678.1200 xIB esu for the _
compound I, 3.5487 D, 33.7578 x1¥ esu, ©°- Conclusion

32288.9099 x1® esu for the compoundll, _ _
respectively. In this paper,(E)-5,5-dimethyl-3-(2-(naphyhalen-1-

yl)vinyl)-cyclohex-2-enone and (E)-3-(4-
The same parameters have been calculated for galorostyryl)-5,5-dimethylcyclohex-2-enone

urea molecule used as the threshold value in NLEPMPounds were synthesizedith conventional
applications o, @sor , and,Bs.r, values of the urea thermal, microwave and sonication methods. It was

are calculated 3.6209 D, 4.1499 s&0Oesu, determined that the microwave method according to

603.1465 x18%esu. They,,, value of the compound the reaction times, and the temperature controlled
| has found higher whileu;the compouihchas found sonication method according to the yield values are
slightly smaller than the value of the urea molecul MOre advantageous than the others.

aior and B.,; values of the compound are 9.23 )
and 47.5 times, of the compoutid are 8.13 and Compound! andlIl were characterized by spectral

53.5 greater from the value of urea. As a result gnéthods (X-ray crystallographic technique, FT-IR,
these comparisons compoundl, which is H-NMR, and “C-NMR) and the results obtained
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were compared with those obtained from quantuillt can be said that the spectrally recorded and

mechanical methods (DFT/B3LYP/6-311G(d,p)).
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calculated parameters of the compounds are
generally compatible with each other and with
similar studies. In comparison experimental with
theoretical values, it is seen that most of the
parameters are slightly different, as experimental
results over the solid state, theoretical ones twer
gas phase. Some chemical reactivity parameters of
the compounds were examined and it can be said
that compoundll has a better electron acceptor
character, more electronegative and harder molecule
structure than compound. Nonlinear optical
behaviours of the compounds were investigated and
the chlorophenyl derivative of isophoronié)(was
found to be a better NLO material candidate than th
naphthyl derivative ). Also, antioxidant activity
properties of the compound determined using three
different assays. When the results of these aesalys
are examined, it has been observed that compbund
exhibits higher DPPH free radical scavenging and
reducing activity, and compouridl exhibits higher

- —2c metal chelating activityWe hope that the results of
- Lt g this study will provide useful information for othe
0,100 +— BHF— . . .
EBTA isophorone derivatives.
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