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Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-one (1)'in potansiyel enerji egrileri
(PEC), bir fonksiyon dihedral agi ¢(C8-C9-) olarak hesaplandi. C10-01), 6-311++G (d,p)
temel seti ve distk karsilik gelen syn- ve anti-uyumlular ile birlikte B3LYP fonksiyonelini
kullanan hem baslangicta Hartree—Fock (HF) hem de Yogunluk Fonksiyonel Teorisinde
(DFT) enerji konformerleri belirlendi. Baslik molekiliiniin syn- ve anti-conformer'larinin
optimize edilmis molekiler yapilari, titresim dalga sayilari yukarida bahsedilen iki
yontemle elde edilmistir. 1H-NMR ve 13C-NMR kimyasal kayma degerleri ve sinir
molekiler orbitaller (FMO'lar), her iki konformerin optimize edilmis yapisindan 6-
311++G(d,p) temel seti ile DFT/B3LYP ve HF yontemleri ile hesaplandi. Ayrica TD-
DFT/B3LYP/6-311++G (d,p) hesaplamasi ile gaz fazinda her iki konformer malin UV-Vis
spektrumu hesaplanmistir. Anti ve syn konformerin denge durumu (temel durum) dipol
moment degerleri B3LYP/6-311++ G(d,p) ile 3.33 ve 3.01 Debye ve ab initio HF/6-311 ile
4.05 ve 3.88 Debye olarak hesaplanmistir. ++ G(d,p) yéntemi. Molekulin hesaplanan
geometrik parametreleri (bag uzunluklari ve bag-dihedral agilan) literatirdeki deneysel
degerlerle karsilastirilmis ve iyi bir uyum iginde olduklari gorilmistir. Hesaplama
dosyasindan uretilen ¢ikti chk.file, elektrostatik potansiyel haritasini ve HOMO-LUMO
orbitallerini GaussView5.0.9 programi kullanilarak gérsellestirmek igin kullanildi.
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The potential energy curves (PEC) of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-
one (1) were calculated as a function dihedral angle ¢$(C8-C9-C10-01) at both ab initio
Hartree—Fock (HF) and Density Functional Theory (DFT) using the B3LYP functional
together with 6-311++G (d,p) basis set and the syn- and anti-conformers corresponding
low energy conformers were determined. The optimized molecular structures,
vibrational wavenumbers of the syn- and anti-conformers of title molecule were
obtained with the two methods mentioned above. The *H- NMR and 3*C-NMR chemical
shift values and frontier molecular orbitals (FMOs) were computed from the optimized
structure of both conformers by DFT/B3LYP and HF methods with 6-311++G(d,p) basis
set. Also, UV-Vis spectrum of both conformers ware calculated in gas phase via TD-DFT/
B3LYP/6-311++G (d,p) calculation. The equilibrium state (ground state) dipole moment
values of the anti and syn conformer were calculated as 3.33 and 3.01 Debye by
B3LYP/6-311++ G(d,p) and 4.05 and 3.88 Debye by ab initio HF/6-311++ G(d,p) method.
The calculated geometric parameters (bond lengths and bond-dihedral angles) of the
molecule were compared with the experimental values in the literature and they were
found to be in good agreement. The output chk.file generated from calculation file was
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used to visualize the electrostatic potential map, and HOMO-LUMO orbitals using
GaussView5.0.9 program.

Introduction

Chalcones are one of the important compounds with an enormous number of diverse
biological activities. They are natural products exist in diverse plant kind such as in vegetables,
fruits, tea and soy (Middleton, et al. 2000; Nowakowska, et al. 2007). Synthesis and
characterization of new compounds containing chalcone and its derivatives continues
increasingly owing to their influence as a drug for variety of promising biological activities such
as different anti-diabetic (Hsieh, et al. 2012), anti-cancerous (Saxena, et al. 2007), anti-malarial
(Dominguez, et al. 2005), anti-inflammatory (Herencia, et al. 1998), anti-tumour (Kumar, et al.
2003), and tyrosinase inhibitor (Akhtar, et al. 2015), anti-oxidant (Jayasinghe, et al. 2006),
analgesic (Tanaka, et al. 2009), antiulcer (Batovska, et al. 2009), antimalarial (Ravichandran,
et al. 2015) and antihelmintic(Liu, et al. 2001). Also, they are great intermediates for the
synthesis of diverse heterocyclic compounds like isoxazole (Kaur, et al. 2013), pyrazoline
(Reddy, et al. 2016), epoxide (Farooq, et al. 2020), thiazine (Badshah, et al.2016), indazole
(Shakil, et al. 2013) and pyrimidine valuable in pharmaceutical industries (Bhat, et al. 2017).
Crystal structure of molecule (1) were determined experimentally using X-ray structure
analysis and spectroscopic methods (Vazquez-Vuelvas et al., 2015) but molecular properties
such as electronic energy, conformation and vibration analysis of title molecule have not been
determined. In this work, molecular structure, dipole moment, vibrational frequency, the
electronic structure and HOMO-LUMO energies of above-mentioned molecule have been
studied. The calculated geometric parameters (bond lengths and bond-dihedral angles) of the
molecule were compared with the experimental values in the literature and they were found
to be in good agreement. 'H NMR and 3C NMR chemical shifts calculations have been
performed. Also, the energy band gap of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-one
molecule is calculated by using the highest occupied molecular orbital (HOMO) energy and
the lowest unoccupied molecular orbital (LUMO) energy. The molecular structure using

numbering scheme of the compound (1) is given in Figure 1
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Figure 1. Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-one molecule numbering scheme

Computational detail

First, the initial geometry of the molecule was modeled in the GaussView 5.0.9
program (Dennington, et al., 2009) and used as input data to determine conformational
analysis. The conformational analysis were carried out by calculating the PECs as a function of
the torsion angles ¢(C8-C9-C10-01) at both ab initio HF and DFT (Kohn et al., 1965) method
with standard 6-311++G(d,p) basis set. In the result of conformational analysis, the anti and
syn conformers corresponding with low energy on potential energy curves obtained both
methods were determined. The molecular geometry of the determined conformers are
optimized without any symmetry constraint (preference) at both ab initio HF and DFT method
with a hybrid functional B3LYP (Becke's three parameter hybrid functional using the LYP
correlation functional) (Becke et al., 1988; Lee et al., 1988; Becke, 1993) in combination with
6-311++G(d,p) basis set. The optimized molecular structures, vibrational wavenumbers of the
syn- and anti-conformers of title molecule were obtained with the two methods mentioned
above. Also, TH-NMR and 3C-NMR chemical shift values and frontier molecular orbitals
(FMOs) were computed from the optimized structure of both conformers by DFT/B3LYP and
HF methods with 6-311++G(d, p) basis set. Also, UV-Vis spectrum of both conformers ware
calculated in gas phase via TD-DFT/ B3LYP / 6-311++G (d,p) calculation. The output chk.file
generated from calculation file was used to visualize the electrostatic potential map, and
HOMO-LUMO orbitals using GaussView5.0.9 program. The quantum mechanics calculations
were performed by the aid of Gaussian 09W program package (Frisch et al., 2010) in the gas

phase.
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RESULTS AND DISCUSSION

Conformational analysis

The conformational analysis were carried out by calculating the PECs as a function of
the torsion angles ¢(C8-C9-C10-01) at both ab initio HF and DFT method with standard 6-
311++G(d,p) basis set. The PECs were calculated by varying dihedral angle ¢ (C9-C10 single
bond) from 0° to 180° in 10° increments. In the result of conformational analysis, the anti and
syn conformers corresponding with low energy on potential energy curves obtained both
methods were determined. The PECs obtained both methods are given Figure 2. As seen from
figure 2., the calculated PECs exist two minima, one of these is corresponded syn conformer
with ¢(C8-C9-C10-01) of 180°. The other conformer, syn conformer with dihedral angle of
180°, exist local minimum, this is 1.27 kcal/mol and 2.35 kcal/mol higher in energy than anti
conformer at the DFT/B3LYP and HF methods, respectively. Also, the energy obtained by at
the DFT/B3LYP of orthogonal conformation is higher than that of HF method. The difference
energy of syn conformer relate to methods, the energy calculated HF method is 1.08 kcal/mol
than that of DFT/B3LYP method. In our previous studies (Ugurlu, et al. 2007; 2020), we have

not encountered a situation with such a large energy difference.
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Figure 2. The potential energy curves of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-

one molecule
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Molecular structure

The equilibrium state structures of (1) compound obtained by the HF/6-311++ G (d,p)
and DFT/6-311++G (d,p) methods are compiled. The X-ray crystal structures for studied
molecule is available in the literature (Vazquez-Vuelvas et al., 2015) and the calculated
parameter of studied molecule of both at the B3LYP/6-311++G (d, p) and the HF/6-311++ G
(d,p) methods in the ground state are tabulated in the Table 1. As seen from Table 1. in the
anti-conformer, the center C9-C10 single bond length of dihedral angle ¢(C8-C9-C10-01) is
1.4305A at the B3LYP/6-311++G (d, p) and 1.4480 A at HF/6-311++ G (d,p), In the syn-
conformer, 1.3643A at the B3LYP/6-311++G (d, p) and 1.3443A at HF/6-311++ G (d,p),
respectively. This observed value is 1.4236 A. For C9-C10 single bond, the calculated bond
lengths in the anti-conformer both methods are larger than the bond lengths in the syn
conformer and are closer to the experimental value. Also, regression analyses of the bond
length values in the Table 1 were carried out and in the results of regression analyses, it has
been shown that there is a linear correlation between experimental and theoretical bond
lengths. It was observed that the calculated optimal R? value was 0.9811 at anti-conformer
with B3LYP/6-311++G (d,p). In the anti-conformer, dihedral angle ¢(C8-C9-C10-01) is 0.02° at
the B3LYP/6-311++G (d, p) and 0.05° at HF/6-311++ G (d,p), in the syn-conformer, -179.18° at
the B3LYP/6-311++G (d, p) and -178.90° at HF/6-311++ G (d,p), respectively. The experimental
value of this dihedral angle was observed as -3.20° (Vazquez-Vuelvas et al., 2015). In the both

methods and both conformer, dihedral angle ¢(C8-C9-C10-01) is planer almost.

Table 1. Selected structural parameters of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-

one molecule

Bond length (A) anti-conformer syn-conformer
Atoms DFT HF Exp?. DFT HF
01—C13 1.3568 1.3389 1.3627 (17) 1.3525 1.3352
01—C10 1.3739 1.3470 1.3628(15) 1.3765 1.3847
c1—cC7 1.5032 1.5019 1.4882 (17) 1.5030 1.5802
02—C7 1.2256 1.1952 1.2218 (15) 1.2248 1.1944
C7—Cs8 1.4801 1.4896 1.4664 (18) 1.4803 1.4897
C9—C8 1.3485 1.3278 1.3308 (17) 1.3484 1.3276
C9—C10 1.4305 1.4480 1.4236 (18) 1.4335 1.4534
C12—C13 1.3625 1.3410 1.327 (2) 1.3643 1.3423
R2 0.9811 0.9794 0.9767 0.9594
Bond angle (°)

C2-C1-c7 118.77 117.86 118.43 (11) 117.78 117.90
Ce6-C1-C7 123.55 123.05 122.76 (12) 123.40 122.98
02-C7-C8 121.14 121.07 120.74 (12) 121.31 121.18
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02-C7-C1 119.87 120.07 119.78 (12) 119.92 120.10
C8-C7-C1 118.98 118.86 119.44 (11) 118.76 118.70
C8-C9-C10 126.31 125.33 127.34(12) 126.21 125.64
C9-C8-C7 120.16 119.96 121.16 (12) 120.34 120.10
01-C10-C9 119.35 119.22 118.76 (11) 115.97 115.76
Dihedral angle (°)

C2-C1-C7-02 10.01 15.93 19.4 (2) 14.32 18.38
C6-C1-C7-02 -169.05 -162.72 -159.66 (14) -164.25 -160.14
C2-C1-C7-C8 -169.00 -163.40 -158.15 (13) -164.90 -160.81
C6-C1-C7-C8 11.00 17.95 22.74 (19) 16.53 20.67
C10-C9-C8-C7 -179.21 -179.30 -176.31 (13) -178.98 -178.90
02-C7-C8-C9 2.77 8.09 -5.4 (2) 4.63 9.12
C1-C7-C8-C9 -177.84 -172.59 172.14 (12) -176.18 -171.70
C8-C9-C10-01 0.02 0.05 -3.2(2) -179.08 -177.21
C7-C1-C2-C3 -179.59 -179.39 -179.11 (14) -179.29 -179.35
C2-C1-C6-C5 0.03 0.00 -0.7 (2) 0.00 0.00
C7-C1-C6-C5 179.07 178.63 178.37 (13) 178.55 178.51
C1-Ce-C5-C4 0.43 0.06 0.80 (2) 0.60 0.69
C8-C9-C10-C11 179.96 179.95 173.72 (14) 0.99 3.09

((®) ref Vazquez-Vuelvas et al., 2015)

The surface of the highest occupied molecular orbital (HOMO) energy, the lowest
unoccupied molecular orbital (LUMO) energy and the electrostatic potential map are given

Figure 3 and 4., respectively.

HOMO/B3LYP/6-311++G (d.p)/ AE LUMO/B3LYP/6-311++G (d.p)/

Figure 3. The surface of HOMO-LUMO orbitals of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-
2-en-1-one
The anti-conformer of (1) molecule the transitions are calculated at wavelengths
384.65, 339.28 and 299.83 nm and for syn conformer at 385.80, 344.94 and 299.44 nm in the
gas phase at the B3LYP/6-311++G(d,p) level of theory.
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MEP/B3LYP/6-311++G (d,p)/anti MEP/B3LYP/6-311++G (d.p)/syn

Figure 4. the electrostatic potential map of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-

one

Vibrational Frequencies

Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-one molecule consist of 25 atoms
having 69 normal modes of vibrations. The vibrational frequency values calculated B3LYP/6-
311++G(d,p) level were scaled with 0.958 for ( u> 1700 cm ! ), 0983 for ( u< 1700 cm 1)
(Celik, et al., 2021) and HF/6-311++G(d,p) level were scaled with 0.9607 (Govindarajan, et
al.,2018; Ugurlu, et al. 2018; 2020). Also, the calculated vibrational assignments of the normal
modes were performed on the basis of the Potential Energy Distribution (PED) and it has been
calculated using the Vibrational Energy Distribution Analysis VEDA 4 program (Jomroz, 2004).

The calculated IR and Raman spectrum of (1) molecule are given Figure 5 and 6., respectively.
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Figure 5. calculated IR spectrum of (1) molecule with 6-311++ G (d,p).

molecule are given Table 2 and 3., respectively.

Table 2. the vibrational frequencies of of (1) molecule with 6-311++ G (d,p)

anti Theoretical wavenumbers (cm™) ( Unscaled abbreviated as Unsc)
DFT HF (Scaled abbreviated as Sc)

Exp. Unsc. Sc. Unsc. Sc Assignments with PED (=10 %)

3123 3277 3140 3436 3116 vC11H(11) vC13H(81)

3123 3255 3118 3408 3090 vC11H(85) vC13H(13)
3244 3108 3396 3080 vC12H(91)
3215 3080 3384 3068 vC6H(39) vC8H(12) vCIH(46)
3201 3067 3371 3057 vC2H(27) vC4H(11) vC5H(53)
3195 3061 3359 3046 vC2H(13) vC8H(62)

3035 3185 3051 3350 3038 vC2H(15) vC3H(29) vC5H(35) vC8H(13)
3174 3041 3346 3034 v C2H(36) vC3H(53)
3168 3035 3335 3023 v C6H(47) vCIH(47)
3164 3031 3321 3011 v C4H(81)

1658 1714 1685 1923 1743 v 02C7(54) vC11C10(11)
1646 1618 1832 1661 v02C7(17) vC9C8(10) vC12C13(16) vC10C9(10)

1594 1635 1607 1786 1620 vC11C10(21) vCAC3(14)
1614 1586 1760 1596 vC4C3(40)

1545 1586 1559 1745 1582 v C2C3(51) BHC11C12(11)
1521 1495 1655 1501 vC1C6(13) BHC2C3(38)

1474 1504 1479 1647 1493 vC9C8(33) vC12C13(20) BHC1301(17)
1475 1450 1592 1443 vC1C6(16) BHC3C4(10) BHCHBC5(33)
1420 1396 1545 1401 BHC11C12(20) BHC1301(12) BC12C1301(35)
1364 1340 1471 1334 BHC6C5(29) BHCHCS5(24) BHCIC10(14)
1345 1322 1438 1304 vC5C4(48) BHC8CY(12)
1322 1300 1416 1284 vC5C4(11) BHC6C5(17) BHC8CY(27)
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1260
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1386
1339
1329
1311
1288
1274
1215
1195
1172
1125
1120
1113
1108
1100
1092
1081
1058
1031
1010
995
971
950
945
944
875
856
791
783
756
714
697
673
650
568
495
451
450
359
329
252
229
173
140
108
63
34
32

1256
1214
1205
1189
1168
1155
1101
1084
1063
1020
1015
1009
1004
997
990
980
959
935
916
902
881
862
857
856
793
776
717
710
685
648
632
610
590
515
448
409
408
326
298
229
207
157
127
98
57
31
29

vC8C7(10)HC6C5(17)

vO1C13 (14) BHCIC10(24)

C7C1(20) BHC11C12(20) BHC1301(10)

v C7C1(10) BHCIC10(35)

BHC3C4(42) BHC8CI(12)

vC5C4(11) BHC4C5(71)

vO1C10 (40) BHC11C12(10) BHC1301(29)

vO1C13 (10)

01C13 (14) BHC11C12(12)

vC1C6(10) vC6C5(11) BHC2C3(11) BCIC8C7(19)
yHC11C12(52) BC12C1301(13) BO1C10CI(11)
vC6C5(10) vC8C7(14) vC10C9(16) BC1OCICS(15)
vC6C5(28) BC6C5C4(32) BCICSCT(16)
yHCAC5C6(39) yHC6C5C4(13) yHC8CIC10(16)
yHC4C5C6(28) yHC6C5C4(20) yHC8CIC10(20)
yHC3C4C5(56)

yHC2C3C4(40) yHC6C5C4(20)

vO1C10 (23) v 01C13 (20) BC12C1301(10)
vO1C10 (13) BC11C1001(57) BC12C1301(10)
yHC9C10C11(25) yHC12C1301(40)
yHC8C9C10(13) yHCIC10C11(26) yHC12C1301(34)
BO2C7C8(15) BC5CAC3(14) BCIC8CT(10)
yHC2C3C4(45) yHC3C4C5(10) yHC5C6C1(12)
yHC11C12C13(69)

yHC5C6C1(23) yHCIC10C11(14) yHC11C12C13(10)
yHC1301C10(87)

vC8C7(19) vC7C1(12) BC11C1001(11) BO1C10CI(10)
yHC5C6C1(34) yO2C1C8C7(24) yC11C901C10(12)
yHC4C5C6(11) yHC5C6C1(15) yC1C6C5CA(26)
BO2C7C8(12) yO2C1C8C7(10) yC11C901C10(24)
B0O2C7C8(20) yC11C901C10(16)

BC2C3C4(33) yC5CAC3(32)

yHC12C1301(16) yC2C3C4C5(12) yC6C5CAC3(15)
BC1C6C5(12) yC1301C10(16) yC7C1CH(36)
yC6C5C4C3(18) yCIC8C7C1(14) yC7C2C6C1(19)
vC7C1(15) BO2C7C8(10) BC7C1CH(15)
yHC3C4C5(15) yC2C3C4C5(31) yC12C1201C10(24)
yC10C9C8C7(10) yO1C10CIC8(50) yC11C901C10(13)
BO2C7C8(18) BC6C5CA(12) BC1301C10(10)

v C10C9(24) v C7C1(12) BC2C3C4(10) BC8CTC1(15)
BC8C7C1(12) yC2C3CAC5(12) yCIC8CT7C1(15)
BC8C7C1(24) yCIC8CTCL(11)

yC2C3C4C5(11) yC6C5CAC3(11) yC1301C10C9(21)
yC1C6C5C4(23) yC10C9C8C7(20) yO1C10C9CS(14)
BC1C6C5(21) BC1301C10(10) BC8CTCL(27)
yC6C5C4C3(22) yC12C1201C10(28) yC1301C10C9(13)
yC8C7C1C2(82)

(v: stretching, B: in- plane bending, y: out-of-plane bending)
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Table 3. the vibrational frequencies of (1) molecule with 6-311++ G (d,p)

syn Theoretical wavenumbers (cm™) ( Unscaled abbreviated as Unsc)
DFT HF (Scaled abbreviated as Sc)
Exp. Unsc. Sc. Unsc. Sc. Assignments with PED (=10 %)
3123 3277 3140 3437 3116 vC11H(11)vC13H(81)
3123 3255 3119 3409 3091 vC11H(85)vC13H(13)
3244 3108 3397 3080 vC12H(91)
3201 3067 3370 3056  vC6H(39) vC8H(12) vCIH(46)
3200 3065 3368 3054  vC2H(27) vC4H(11) vC5H(53)
3188 3055 3353 3040 vC2H(13) vC8H(62)
3035 3183 3049 3350 3037  vC2H(15) vC3H(29) vC5H(35) vC8H(13)
3174 3040 3345 3033  vC2H(36) vC3H(53)
3166 3033 3334 3023  vC6H(47) vC9H(47)
3164 3031 3321 3011 vC4H(81)
1658 1713 1641 1925 1746 v02C7(54)vC11C10(11)
1641 1573 1821 1651 v02C7(17) vC9C8(10) vC12C13(16) v€10C9(10)
1594 1632 1564 1786 1620 vC11C10(21) vC4C3(14)
1614 1546 1763 1598  vCA4C3(40)
1545 1599 1532 1760 1596  vC2C3(51) BHC11C12(11)
1521 1457 1649 1495 vC1C6(13) BHC2C3(38)
1474 1497 1434 1647 1493  vC9C8(33) vC12C13(20) BHC1301(17)
1476 1414 1592 1443  vC1C6(16) BHC3C4(10) BHC6C5(33)
1423 1363 1542 1398 BHC11C12(20) BHC1301(12) BC12C1301(35)
1364 1307 1471 1334 BHC6C5(29) BHC6C5(24) BHCIC10(14)
1346 1290 1442 1307 vC5C4(48) BHC8CI9(12)
1330 1274 1429 1296  vC5C4(11) BHC6C5(17) BHC8CY(27)
1317 1261 1366 1238  v(C8C7(10)HC6C5(17)
1271 1217 1338 1213 vO1C13 (14) BHC9C10(24)
1230 1178 1325 1201 vC7C1(20) BHC11C12(20) BHC1301(10)
1202 1151 1307 1185 vC7C1(10) BHC9C10(35)
1192 1142 1288 1168  BHC3C4(42) BHC8C9(12)
1183 1133 1252 1135 BC5C4(11) BHCAC5(71)
1161 1112 1214 1101 vO1C10 (40) BHC11C12(10) BHC1301(29)
1116 1069 1200 1088 v0O1C13(10)
1107 1060 1172 1062 vO1C13 (14) BHC11C12(12)
1053 1009 1125 1020 vC1C6(10) vC6C5(11) BHC2C3(11) BCIC8C7(19)
1042 999 1121 1016 BHC11C12(52) BC12C1301(13)B0O1C1I0CY(11)
1028 985 1117 1013  vC6C5(10) vC8C7(14) vC10C9(16) BCLOCICS(15)
1017 974 1108 1004 vC6C5(28) BC6C5C4(32) BCIC8C7(16)
1012 969 1100 997 YHC4C5C6(39) yHC6C5C4(13) yHCBCIC10(16)
1008 966 1095 993 YHC4C5C6(28) yHC6C5C4(20) yHC8CIC10(20)
990 948 1081 980 YHC3C4C5(56)
969 929 1058 959 YHC2C3C4(40) yHC6C5C4(20)
946 907 1054 956 v01C10 (23) vO1C13 (20) BC12C1301(10)
904 866 1009 915 v01C10 (13) pC11C1001(57) pC12C1301(10)
889 852 986 894 yHC9C10C11(25) yHC12C1301(40)
881 844 973 882 BHC8C9C10(13) BHC9C10C11(26) BHC12C1301(34)
871 835 951 862 BO2C7C8(15) BC5CAC3(14) BCIC8C7(10)
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857 821 942 854  yHC2C3C4(45) yBHC3C4C5(10) yHC5C6C1(12) yHC6C5CA(14)
826 792 940 852  yHC11C12C13(69)
796 763 874 792  yHC5C6C1(23) yHCOC10C11(14) yHC11C12C13(10)
756 724 856 776  yHC1301C10(87)
739 708 791 717  (8C7(19)C7C1(12)C11C1001(11)01C10C9(10)
712 682 781 708  yHC5C6C1(34) y02C1C8C7(24) yC11C901C10(12)
699 669 756 686  yHCAC5C6(11) yHC5C6C1(15) yC1C6C5CA(26) yC10CICBCT(15)
654 626 706 641  BO2C7C8(12)y02C1C8C7(10) yC11C901C10(24)
645 618 693 629  BO2C7C8(20)yC11C901C10(16)
632 605 673 610  PBC2C3C4(33) BC5C4C3(32)
602 576 649 589  yHC12C1301(16) yBC2C3C4C5(12) yC6C5CAC3(15)
530 508 565 513  PBC1C6C5(12) BC1301C10(16) BC7C1CH(36)
455 436 493 447  yC6C5C4C3(18) yCIC8C7C1(14) yC7C2C6C1(19)
421 403 451 409  vC7C1(15) BO2C7C8(10) BC7C1CH(15)
411 394 446 404  yHC3CA4C5(15) yC2C3C4C5(31) yC12C1201C10(24)
321 307 345 313 yC10C9C8C7(10) yO1C10C9C8(50) yC11C901C10(13)
309 296 327 296  PBO2C7C8(18) BC6C5C4(12) BC1301C10(10) BC7C1CH(17)
231 221 244 221 BC10C9(24) BC7C1(12) BC2C3C4(10) BCBC7CL(15)
211 202 227 206  PBC8C7C1(12) yC2C3CA4C5(12) yCIC8C7CL(15)
163 156 170 154  BC8C7C1(24)yC9C8C7C1(11)
122 117 115 104  yC2C3C4C5(11) yC6C5C4C3(11) yC1301C10C9(21)
97 93 101 91 yC1C6C5C4(23) yC10C9C8C7(20) yO1C10C9C8(14)
62 59 63 57 BC1C6C5(21) BC1301C10(10) BC8C7C1(27)
33 31 35 32 yC6C5C4C3(22) yC12C1201C10(41)
28 27 23 21 yC8C7C1C2(82)
((®) ref Vazquez-Vuelvas et al., 2015)
1,0
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0,81 '
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Figure 6. The calculated Raman spectrum of (1) molecule with 6-311++ G (d,p)
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The geometry of the studied molecule belongs to C1 point group symmetry and as

seen figure 3 and 4, all vibrations are active in both IR and Raman.

IH and 3C NMR Chemical Shift

Table 4. The calculated chemical shifts (ppm) of (1) molecule with B3LYP

anti- 6-31G 6-31G+(d) 6-31G+(d,p) 6-31G++(d) 6-31G++(d,p)
No Exp?®. GAS DMSO  GAS DMSO  GAS DMSO GAS DMSO  GAS DMSO
C7 189.9 181.48 183.24 178.64 181.17 180.34 182.71 189.47 201.18 171.43 182.92
C10 151.69 150.29 149.37 149.66 148.94 151.63 150.48 160.27 168.19 142.49 150.67
C13 14498 140091 143.81 139.50 143.16 140.52 14470 149.99 162.54 131.28 143.94
C1 138.16 135.05 135.03 13450 134.65 136.47 136.19 145.24 15239 127.43 136.53
C4 13282 12743 129.44 126.74 129.32 127.79 130.86 137.26 147.84 118.58 130.14
C9 130.72 125.79 127.58 126.00 127.97 127.32 129.51 136.64 145.56 118.13 129.06
C2 128.47 125.67 125.19 125.92 125.26 126.97 126.79 136.53 143.00 117.93 126.17
C6 128.47 124.42 125.18 123.71 125.23 124.80 126.77 134.40 142,59 115.77 126.03
C3 12847 12355 12491 123.21 12490 124.14 126.44 133.76 142,54 115.01 125.93
C5 128.47 123.27 124,80 122.57 124.70 123.66 126.24 133.00 142.27 114.40 12551
C8 11930 11541 118.99 113.78 118.01 114.64 11955 12435 135.84 105.76 118.87
Cl1 116.33 115.34 115.02 113.27 113.09 114.46 114.63 12430 127.83 105.60 114.51
Cl12 11274 111.08 112.67 108.01 109.91 109.09 11145 118.54 127.57 9995 110.86
R? 0.9915 0.9958 0.9906 0.9962 0.9886 0.9962 0.9903 0.9919 0.9886 0.9962
H1 8.04 8.51 8.36 8.45 8.33 8.70 7.87 9.12 8.39 8.96 8.61
H7 8.04 7.89 7.92 7.69 7.75 7.99 7.30 8.36 7.83 8.25 8.08
H6 7.61 7.85 7.91 7.37 7.48 7.76 7.02 8.02 7.57 8.01 7.88
H10 7.58 7.82 8.06 7.96 8.22 8.19 7.76 8.65 8.27 8.48 8.49
H5 7.52 7.57 7.84 7.46 7.75 7.73 7.29 8.14 7.79 8.01 8.05
H2 7.52 7.51 7.69 7.45 7.62 7.62 7.17 8.12 7.70 7.90 7.84
H3 7.49 7.45 7.72 7.51 7.78 7.65 7.32 8.18 7.81 7.92 7.95
H4 7.47 7.44 7.69 7.43 7.68 7.60 7.23 8.12 7.72 7.90 7.91
H8 6.72 6.65 7.00 6.56 6.92 6.83 6.46 7.23 6.97 7.13 7.25
H9 6.51 6.51 6.79 6.41 6.66 6.70 6.21 7.07 6.61 6.99 7.01

((®) ref Vazquez-Vuelvas et al., 2015)

The *H NMR and *3C NMR chemical shifts of Chalcone (E)-3-(Furan-2-Yl)-1-Phenylprop-

2-en-1-one molecule are calculated using the gauge-independent atomic orbital method

(GIAO method) and the hybrid three-parameter B3LYP density functional in combination and

Hartree-fock methods with different basis sets such as 6-31G, 6-31+G(d), 6-31+G(d.p), 6-

31++G(d), and 6-31++G(d.p) basis sets in gas phase and in solvents (DMSO).

The calculated 'H and 3C chemical shielding values calculated B3LYP/6-31G, B3LYP/6-

31+G(d), B3LYP/6-31+G(d.p), B3LYP/6-31++G(d), and B3LYP/6-31++G(d.p) are given in the

Table 4. The calculated *H and 3C chemical shielding values calculated HF/6-31G, HF/6-
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31+G(d), HF/6-31+G(d.p), HF/6-31++G(d), and HF/6-31++G(d.p) are given in the Table 5. Also,
the value 3C NMR chemical shifts are carried regression analyses and the results were

indicated linear correlation.

Table 5. The calculated chemical shifts (ppm) of (1) molecule with HF

anti- 6-31G 6-31G+(d)(3) 6-31G+(d,p)(4) 6-31G++(d) 6-31G++(d,p)

No Exp? GAS DMSO | GAS DMSO | GAS DMSO | GAS DMSO | GAS DMSO
c7 189.95 | 200,29 202,85 |187,68 |190,71 |189,05 |192,45 |187,96 |191,29 |189,40 |192,72
C10 |151.69 | 158,95 156,86 |151,60 |149,42 |153,30 |151,47 (151,81 |149,92 |153,59 |151,89
C13 |144.98 | 154,56 157,47 | 147,29 |150,43 |148,06 |151,55 (147,61 | 151,08 |148,45 |151,66
C1 138.16 | 142,40 141,92 | 137,55 |135,99 |138,62 |138,04 |137,82 |136,54 138,96 | 141,74
C4 132.82 | 141,10 142,37 | 136,78 |137,22 |138,47 | 138,53 | 137,01 |[137,80 |138,75 | 138,78
C9 130.72 | 140,00 144,14 | 134,82 |140,06 |135,78 |141,49 |135,07 | 140,62 |136,10 | 138,26
C2 128.47 | 138,62 137,93 | 134,73 |133,72 | 135,58 | 134,93 |135,03 | 134,33 |135,91 |135,20
C6 128.47 | 135,17 137,17 | 130,96 |132,92 |131,79 |134,11 (131,27 | 133,53 | 132,19 |134,42
c3 128.47 | 132,89 133,41 | 127,25 |127,69 |128,25 |129,05 (127,54 |128,30 |128,62 |129,35
(65) 128.47 | 131,60 133,14 | 125,82 |127,37 |126,81 |128,70 (126,11 | 127,98 |127,18 |129,02
C8 119.30 | 124,61 121,30 | 118,64 |112,77 (119,27 | 114,09 |118,92 |123,82 |119,67 |124,56
C11 [116.33 (122,96 129,46 | 114,53 |123,23 |115,50 | 124,23 | 114,70 |113,23 |115,71 | 114,23
C12 [112.74 (118,10 119,18 | 109,72 |110,36 (110,70 |111,69 |110,02 (111,00 111,09 |112,03

R? 0.9902 0.9686 |0.9774 |0.9478 |0.9776 |0.9517 |0.9774 |0.9600 |0.9777 |0.9747
H1 |[8.04 9,70 9,55 9,39 9,34 9,47 9,36 9,40 9,29 9,49 9,38
H7 |8.04 9,18 9,27 8,78 8,97 8,86 8,97 8,79 8,90 8,87 8,98
H6 |7.61 8,54 8,57 7,81 7,98 8,00 8,10 7,80 7,90 7,99 8,09
H5 |7.58 8,72 9,04 8,61 9,00 8,70 9,01 8,63 8,95 8,71 9,03
H10 |7.52 8,55 8,86 8,12 8,50 8,19 8,49 8,11 8,43 8,20 8,50
H2 |7.52 8,25 8,47 7,99 8,26 8,04 8,25 8,01 8,22 8,07 8,28
H3 |[7.49 8,38 8,73 8,18 8,58 8,21 8,54 8,19 8,53 8,23 8,56
H4 |7.47 8,17 8,48 7,93 8,30 7,98 8,28 7,94 8,25 8,00 8,30
H8 |6.72 7,49 7,96 7,11 7,63 7,27 7,71 7,12 7,57 7,29 7,73
H9 |6.51 7,22 7,54 6,76 7,10 6,96 7,23 6,78 7,05 6,98 7,25

((®) ref Vazquez-Vuelvas et al., 2015)

The 13C NMR chemical shifts calculated B3LYP, R? 6-31G, 6-31+G(d), 6-31+G(d.p), 6-
31++G(d), and 6-31++G(d.p), 6-31+G(d) have been 0.9915 ppm, 0.9906 ppm, 0.9886 ppm,
0.9903 ppm, 0,9886 ppm (gas phase) and 0.9958 ppm, 0.9962 ppm, 0.9962 ppm, 0.9919 ppm,
0.9962 ppm DMSO) for 13C-NMR chemical shifts values. The 3C NMR chemical shifts
calculated HF, R? 6-31G, 6-31+G(d), 6-31+G(d.p), 6-31++G(d), and 6-31++G(d.p), 6-31+G(d),
have been 0.9902ppm, 0.9774 ppm, 0.9776 ppm, 0.9774 ppm, 0,9777 ppm (gas phase) and
0.9686 ppm, 0.9478 ppm, 0.9517 ppm, 0.9600 ppm, 0.9747 ppm DMSO) for 13C-NMR
chemical shifts values. In the 13C NMR chemical shifts calculated B3LYP, R? vales in the DMSO
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are larger than that of in the gas phase and in the 13C NMR chemical shifts calculated B3LYP,
R2 vales in gas phase are larger than that of in the DMSO. These results show that there is a

good agreement between the experimental values and the theoretical values.

Conclusion

The potential energy curves of (1) molecule were calculated as a function dihedral
angle ¢(C8-C9-C10-01) at both ab initio HF) and DFT/ B3LYP with 6-311++G (d,p) basis set and
the syn- and anti-conformers corresponding low energy conformers were determined. The
optimized molecular structures, vibrational wavenumbers of the syn- and anti-conformers of
title molecule were obtained with the two methods mentioned above. The 1H- NMR and 13C-
NMR chemical shift values and frontier molecular orbitals (FMOs) were computed from the
optimized structure of both conformers by DFT/B3LYP and HF methods with 6-311++G(d,p)
basis set. The anti-conformer of (1) molecule the transitions are calculated at wavelengths
384.65, 339.28 and 299.83 nm and for syn conformer at 385.80, 344.94 and 299.44 nm in the
gas phase atB3LYP/6-311++G(d,p) level of theory. The equilibrium state (ground state) dipole
moment values of the anti and syn conformer were calculated as 3.33 and 3.01 Debye by
B3LYP/6-311++ G(d,p) and 4.05 and 3.88 Debye by ab initio HF/6-311++ G(d,p) method. In the
the both methods and both conformer, dihedral angle ¢$(C8-C9-C10-01) is planer almost.
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