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HIGHLIGHTS GRAPHICAL ABSTRACT
« IR, Raman spectra and NBO analysis

were reported.
« The wavenumbers are calculated

theoretically using Gaussian09

software.
« The wavenumbers are assigned using

PED analysis.
« The geometrical parameters are in

agreement with XRD data.
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phenylallyloxy]methane. FT-IR and FT-Raman spectra were recorded and analyzed. The
vibrational wavenumbers were computed using DFT methods and are assigned with the help of potential
energy distribution method. The first hyperpolarizability, infrared intensities and Raman activities also
reported. The geometrical parameters of the title compound obtained from XRD studies are in agreement

gﬁ:}‘ggﬂ;e with the calculated (B3LYP) values. The stability of the molecule arising from hyper-conjugative interac-
FTIR tion and charge delocalization has been analyzed using NBO analysis. The HOMO and LUMO analysis are
FT-Raman used to determine the charge transfer within the molecule. MEP was performed by the B3LYP method
Hyperpolarizability and from the MEP it is evident that the negative charge covers the C=0 group and the positive region

is over the phenyl ring and NH group.
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Introduction

Quinazolines and quinazoline-2,4-dione derivatives are impor-
tant nitrogenous hetero-cycles that have been known for their
diverse pharmacological activities. The major chemotherapeutic
activities displayed by quinazoline derivatives are the anti-
bacteria, anticancer, antiviral and anti-tubercular activities
[1-12]. In addition, several quinazoline derivatives were proved
to possess potent anticonvulsant [2,13-16] and diuretic [17] activ-
ities. Several quinazoline derivatives have been reported for their
antibacterial, antifungal, anti-Human Immunodeficiency Virus
(HIV) [18], anticonvulsant [19], anti-fibrillatory [20] and diuretic
[21] activities. The 2,3-disubstituted quinazolones have been pre-
dicted to possess antiviral and antihypertensive activities [22].
Synthesis of vascinone, a naturally occurring bioactive alkaloid
having a quinazolone system, has been reported [23]. Alagarsamy
et al. [24] have reported the synthesis and analgesic, anti-inflam-
matory and antibacterial activities of some novel 2-phenyl-3-
substituted quinazoline-4(3H)-ones. Costa et al. [25] reported the
synthesis of 4H-3,1-benzoxazines, quinazoline-2-ones and quino-
line-4-ones. These nitrogen hetero-cycles can be used as valuable
intermediates for the preparation of dye stuffs [25] and pharma-
ceutical products [26-28] since they exhibit a wide range of
biological activities. A number of reports have shown that broad
classes of 4-anilinoquinazolines are potent and highly selective
inhibitors of EGF-R phosphorylation [29,30]. Nanda et al. [31]
reported the anti-bacterial activity and QSAR studies of some 3-
{arylideneamino}-2-phenyl quinazoline-4(3H)-ones. The three
dimensional quantitative structure activity relation (QSAR) studies
for one large set of quinazoline type epidermal growth factor
receptor (EGF-R) inhibitors were conducted using two types of
molecular field analysis techniques: comparative molecular field
analysis and comparative molecular similarity indices analysis
[32]. In recent years, much effort has been put into the design
and synthesis of HIV-1 non-nucleoside reverse transcriptase inhib-
itors (NNRTIs). El-Brollosy [33] reported the synthesis of a series of
quinazoline-2,4(1H,3H)-dione non-nucleoside analogues of the
reverse transcriptase inhibitor TNK-651. In the present study,
IR and Raman spectrum of 6-methyl-1-({[(2E)-2-methyl-3-phe-
nyl-prop-2-en-1-ylJoxy}methyl)-1,2,3,4-tetrahydroquinazoline-
2,4-dione were reported both experimentally and theoretically.
The energies, degrees of hybridization, populations of the lone
electron pairs of oxygen, energies of their interaction with the
anti-bonding orbital of the benzene ring and the electron density
distribution and E(2) energies have been calculated by NBO analy-
sis using DFT method to give clear evidence of stabilization origi-
nating from the hyper-conjugation of various intra-molecular
interactions. There has been growing interest in using organic
molecules for nonlinear optical devices, functioning as second
harmonic generators, frequency converters, electro-optical modu-
lators, etc., because of the large second order electric susceptibili-
ties of organic materials. Since the second order electric
susceptibility is related to first hyperpolarizability, the search for
organic chromophores with large first hyperpolarizability is fully
justified.

Experimental details

The title compound was prepared via treatment of silylated 6-
methylquinazoline-2,4-dione with bis-[(E)-2-methyl-3-phenylal-
lyloxy|methane following the previously reported procedure [33].
The structure of the title compound was established on the basis
of 'H and '3C NMR spectra, mass spectrum, microanalytical data
[33], in addition to X-ray spectra [34]. In the title compound,
Ca0H20N203, the ten atoms comprising the quinazoline ring are

essentially planar and this plane is almost orthogonal to the
terminal phenyl ring. The conformation about the ethylene bond
is E and there is a significant twist between this residue and the
adjacent phenyl ring. The crystal structure features centro-sym-
metric dimeric units linked by pairs of N—H...O hydrogen bonds
between the amide groups which lead to eight membered
(---HNCO), synthons. These are consolidated into a three dimen-
sional architecture by C—H---0, C—H-..m and m-m interactions.
The FT-IR spectrum (Fig. 1) was recorded using KBr pellets on a
DR/JASCO FT-IR 6300 spectrometer. The FT-Raman spectrum
(Fig. 2) was obtained on a Bruker RFS 100/s, Germany. For excita-
tion of the spectrum, the emission of Nd:YAG laser was used with
an excitation wavelength of 1064 nm, a maximal power 150 mW;
measurement on solid sample.

Computational details

Calculations of the title compound were carried out with Gauss-
ian09 software [35] program using B3PW91/6-31G(d) (6D, 7F) and
B3LYP/6-31G(d) (6D, 7F) basis sets to predict the molecular struc-
ture and vibrational wavenumbers. Calculations were carried out
with Becke’s three parameter hybrid model using the Lee-Yang-
Parr correlation functional (B3LYP) method. Molecular geometries
were fully optimized by Berny’s optimization algorithm using
redundant internal coordinates. Harmonic vibrational wavenum-
bers were calculated using analytic second derivatives to confirm
the convergence to minima on the potential surface. Then fre-
quency calculations were employed to confirm the structure as
minimum points in energy. At the optimized structure (Fig. 3) of
the examined species, no imaginary wavenumber modes were
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Fig. 1. FT-IR spectrum of 6-methyl-1-({[(2E)-2-methyl-3-phenyl-prop-2-en-1-
ylJoxy}methyl)-1,2,3,4-tetra-hydroquinazoline-2,4-dione.
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Fig. 2. FT-Raman spectrum of 6-methyl-1-({[(2E)-2-methyl-3-phenyl-prop-2-en-1-
yl]oxy}methyl)-1,2,3,4-tetra-hydroquinazoline-2,4-dione.

obtained, proving that a true minimum on the potential surface
was found. The DFT method tends to overestimate the fundamen-
tal modes; therefore scaling factor (0.9613) has to be used for
obtaining a considerably better agreement with experimental data
[36]. The observed disagreement between theory and experiment

could be a consequence of the anharmonicity and of the general
tendency of the quantum chemical methods to overestimate the
force constants at the exact equilibrium geometry [36]. The opti-
mized geometrical parameters (B3LYP/6-31G(d) (6D, 7F)) with
XRD data are given in Table S1 (supporting material). The assign-
ments of the calculated wavenumbers are aided by the animation
option of GAUSSVIEW program, which gives a visual presentation
of the vibrational modes [37]. The potential energy distribution
(PED) is calculated with the help of GAR2PED software package
[38].

Results and discussion
IR and Raman spectra

The calculated (scaled) wavenumbers, observed IR and Raman
bands and assignments are given in Table 1. In the following dis-
cussion, the mono-substituted phenyl ring, tri-substituted phenyl
ring and quinazoline rings are designated as Phl, Phll and Ring,
respectively. The NH stretching vibrations give rise to bands at
3500-3300 cm~' [39,40]. In the present study, the bands observed
at 3448 cm™! in the IR spectrum, 3467 cm ™' in the Raman spec-
trum and 3463 cm~! (B3LYP) was assigned as NH stretching vibra-
tion. The N—H group shows bands at 1510-1500, 1350-1250 and
740-730 cm™! [41]. According to the literature, if N—H is a part
of a closed ring, the C—N—H deformation band is absent in the
region 1510-1500cm™! [41,42]. For the title compound, the
C—N—H deformation band is observed at 1369 cm ' theoretically
(B3LYP). The out of plane NH deformation is expected in the region
650 +50cm™! [42]. The band at 695 cm~! experimentally and
690 cm~! in B3LYP are assigned as this mode. Minitha et al.
reported UNH at 3469 cm!, NH at 1300 cm™' [43]. Panicker
et al. reported the out-of-plane bending mode of NH at 746 cm™,
theoretically [44].

The CN stretching modes are expected in the range 1100-
1300 cm™! [45]. The bands observed at 1329, 1275, 1208 cm™! in
the IR spectrum, 1279, 1205, 1121 cm™! in the Raman spectrum
and at 1323, 1281, 1204, 1182, 1125, 1035cm ' theoretically
(B3LYP) are assigned as CN stretching modes. Panicker et al.
reported the CN stretching mode at 1215 cm™! theoretically [44]

Fig. 3. Optimized geometry (B3LYP) of 6-methyl-1-({[(2E)-2-methyl-3-phenyl-prop-2-en-1-ylJoxy}methyl)-1,2,3,4-tetra-hydroquinazoline-2,4-dione.
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Vibrational assignments of the title compound.
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B3PW91/6-31G(d) (6D, 7F) B3LYP/6-31G(d) (6D, 7F) IR Raman Assignments?
v IRy Ra v IRy Ra v v -
3497 78.86 110.28 3463 74.62 121.88 3448 3467 LNH(100)
3137 0.75 88.31 3121 1.16 86.42 3117 3115 vCHII(98)
3116 10.65 199.46 3095 8.76 116.19 - - LCHI(99)
3108 2.76 56.13 3090 2.71 62.66 - 3088 LCHII(99)
3107 37.39 124.37 3083 36.33 222.14 - 3080 LCHI(92)
3094 26.13 89.90 3072 28.57 91.94 - - LCHI(96)
3085 12.50 89.51 3062 0.39 113.83 - - LCHI(95)
3082 0.26 105.95 3061 13.84 95.67 - - LCHII(98)
3075 6.16 25.76 3055 6.58 26.55 - 3054 LCHI(98)
3053 5.03 47.87 3029 5.23 40.14 3035 - L,sCH2(99)
3040 17.05 49.04 3023 16.62 53.32 - - V,sCH3(99)
3032 11.80 60.99 3020 20.15 53.94 - 3020 vCH(98)
3032 20.86 61.63 3011 13.38 61.15 - 3005 L,sCH3(99)
2999 17.26 111.43 2976 18.96 112.25 2977 2980 L,sCH3(99)
2994 18.70 80.00 2974 31.59 91.11 - - L,sCH2(99)
2984 17.67 89.01 2971 18.71 79.65 - 2966 L,sCH3(99)
2978 34.51 24.31 2950 31.93 23.20 - 2945 vsCH,(99)
2933 33.37 263.42 2927 34.98 253.33 - - vsCH5(100)
2932 26.63 176.82 2926 25.03 169.15 2925 2920 vsCH5(100)
2904 25.29 120.10 2884 28.63 114.44 2868 2882 vsCH,(99)
1676 666.76 20.06 1732 371.16 42.69 - - vC=0(75)
1673 0.30 644.90 1730 673.82 24.74 1720 1712 vC=0(69)
1667 272.70 55.87 1659 0.44 601.40 1665 1662 vC=C(65)
1627 92.81 70.65 1614 49.07 77.20 1617 1620 LPhII(67)
1609 3.74 269.59 1598 3.58 292.75 1588 1599 vPhI(61)
1581 40.47 26.10 1570 1.40 2042 - 1575 vPhI(78)
1580 1.10 16.26 1567 43.88 24.08 - - LPhII(68)
1504 134.07 5.32 1491 142.80 4.49 1504 1496 VCNR(11), 3CHII(12), vPhII(58)
1496 16.46 16.50 1486 12.20 19.00 - - SCHI(32), vPhI(61)
1484 26.99 6.91 1475 4.59 9.35 1476 - 3CH,(83)
1483 29.76 15.96 1472 44.19 15.88 - - 8asCH3(68)
1473 7.99 48.73 1463 1.64 36.88 - 1464 8asCH3(52) 8CHy(31)
1470 10.15 25.25 1459 22.70 24.57 - - 8asCH3(45) 5CH»(39)
1469 7.90 24.23 1458 15.29 22.50 - - 8asCH3(59) 8CHy(15)
1463 39.02 24.29 1457 6.14 23.19 1455 - 8sCH5(100)
1449 88.54 10.70 1436 9.55 14.96 - 1438 LPhI(61), SCHI(36)
1448 40.81 7.73 1435 134.37 5.44 - - 8sCH5(33), vPhII(35)
1406 17.06 10.07 1404 15.17 6.30 - 1402 3CH,(64)
1404 3.73 4432 1392 8.59 12.72 - - 8sCH5(50), 3CH,(13)
1400 5.93 18.61 1389 1.62 47.15 - - 8sCH5(91)
1383 12.78 2.46 1373 38.52 20.28 1373 1376 3CH,(64), 3CH3(13)
1382 8.63 4.04 1369 8.73 7.58 - - SNH(49), CH»(15), 8,CH5(16)
1370 41.64 26.97 1359 10.27 9.62 - - 3CH(41), 8;CH3(19), 3CHy(15)
1359 68.02 18.58 1349 124.33 4.73 - 1338 LCNR(10), 3CHII(14), vPhlI(45)
1350 55.73 48.23 1323 17.95 52.42 1329 - 3CH»(41), vCNR(42)
1340 0.26 5.50 1316 0.20 4.25 - 1316 3CHI(50), vPhI(41)
1323 10.49 39.61 1308 100.52 5.70 1309 - LPhII(50), vPhI(21)
1318 92.02 22.61 1293 1.48 42.82 - - vPhI(62), 3CHI(10)
1300 110.56 6.19 1281 148.04 4.67 1275 1279 LCNR(40), 5CHy(17), 3CHII(15)
1281 36.40 1.81 1259 29.32 2.08 1248 1255 SCHII(45), vPhlII(17)
1250 10.09 66.09 1233 10.18 58.16 - 1236 3CH,(42), vCNR(20)
1233 3.03 137.73 1222 7.24 86.40 - 1223 3CH2(47), vCNR(18)
1209 14.03 1.64 1204 1.17 74.21 1208 1205 LCN(44), vPhI(27)
1204 6.21 9.41 1182 2491 0.65 - - vCC(19), VCNR(42), 3CHII(12)
1199 3.16 24.25 1176 5.33 22.25 - 1177 vCC(45), 3CH(15)
1192 0.16 9.52 1170 0.16 8.70 1166 - SCHI(73), vPhI(13)
1175 3.80 3.67 1157 6.77 5.02 - 1156 SCHII(51), vPhII(20)
1175 9.57 6.99 1147 0.01 8.59 1144 1142 SCHI(77), vPhI(14)
1135 11.54 5.94 1125 20.15 6.49 - 1121 3CH,(27), vCNR(44), vCN(10)
1111 4.74 1.83 1100 6.11 1.09 1109 - SCHII(41), vPhII(38)
1084 4.47 0.75 1083 440/83 5.51 1083 1085 vCO(66)
1065 40.63 5.74 1071 3.92 0.67 - - LPhI(37), SCHI(53)
1060 9.87 0.25 1045 77.70 9.45 1048 - 5CH5(40), 3CH,(10), 3PhII(38)
1053 25.41 6.56 1037 6.74 0.39 - - 3CH5(66)
1038 5.63 4.65 1035 52.29 4.46 - - SPhII(26), VCN(41)
1032 205.87 9.45 1024 22.94 5.10 - 1027 SCHI(16), 5CH5(42)
1026 232.39 8.43 1015 38.42 1347 1019 - 3CHI(43), vPhI(25), 3CH3(17)
1009 7.87 5.17 992 8.09 5.28 - - 8CH5(71)
997 0.18 40.78 977 0.27 45.74 979 972 3PhI(17), vPhI(56)
995 1.04 9.23 968 0.50 9.28 964 - 3CH,(49), 5CH5(18)
977 3.21 15.86 957 0.31 0.69 - - YCHI(80)
973 1.09 4.40 945 11.47 31.23 - - vCO(42), vCNR(10)
968 0.39 4.24 937 1.68 1.29 934 - YCHII(89)

(continued on next page)
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Table 1 (continued)

B3PW91/6-31G(d) (6D, 7F) B3LYP/6-31G(d) (6D, 7F) IR Raman Assignments®
v IR, Ra v IR, Ra v v -
939 13.81 10.12 932 0.46 - 934 YCHI(92)
929 1.88 1.99 914 14.54 17.40 914 915 vCC(34), VCNR(10), 3CH,(36)
928 9.72 6.15 902 12.62 9.73 - - YCHI(61)
910 3.85 5.60 901 3.48 333 - - YCHII(69), TPhII(10)
898 1.36 26.42 895 6.99 11.69 - 897 vCC(44), YCHII(13), 3PhII(10)
879 15.68 63.04 867 9.76 36.25 870 863 YCH(35), vCC(32)
848 0.14 8.04 833 12.91 20.16 838 837 YCH(17), vCC(31), YCHI(16)
835 25.35 6.05 828 0.23 5.94 - 824 YCHI(97)
831 42.13 38.12 807 25.52 1.95 811 - YCHII(82)
814 52.95 9.91 799 291 10.06 780 - vCC(29), 5CC(24)
812 89.16 8.70 751 12.54 0.10 - 753 yC=0(38), TPhlI(22), TRing(27)
765 24.60 0.55 745 21.33 0.77 742 - 5Ring(27), vCN(17), 3CO(18)
756 19.41 1.21 733 19.57 7.43 - 730 TPhI(29), YCHI(48)
748 23.14 9.69 718 37.24 217 722 - YC=0(47), YNH(17), TRing(17)
724 5.35 7.39 709 25.39 9.49 - - SPhII(24), yC=0(21), tRing(19)
714 3.78 543 690 28.84 0.33 695 695 TPhlI(30), YNH(43), yC=0(10)
702 39.03 1.56 687 2247 1.67 678 678 tPhI(60), YCHI(30)
670 7.34 433 658 5.26 660 - 5PhII(18), 5PhI(25), 3C=0(26)
664 9.07 5.16 648 25.49 6.45 - - YNH(19), TPhII(28), 5PhI(27)
653 14.09 9.49 643 21.91 5.12 639 645 TPhlI(22), YNH(21), yC=0(16)
626 6.69 2.32 617 6.64 2.16 - 619 5PhII(32), 5Ring(25)
624 0.54 4.96 609 0.27 4.79 612 598 5PhI(82)
585 11.23 2.27 578 10.74 1.87 584 - 3C0O(24), 5PhI(23), 8PhII(15)
542 5.13 1.80 535 7.01 2.96 540 536 5PhI(17), TPhII(16), 3CC(18)
530 16.89 4.36 523 8.76 2.75 519 524 TPhII(27), yCC(23), TRing(10)
518 6.21 6.74 510 3.67 - - TPhI(29), yCC(18), TCH5(11)
509 13.02 6.42 501 15.62 5.60 503 505 SRing(26), TPhI(21), 3CC(10)
466 1.01 6.41 462 0.71 5.70 459 462 yC=C(34), tPhI(12), 3CC(12)
446 2.37 8.57 440 3.01 6.80 - - 3C=0(22), 5PhlI(23), 5Ring(19)
433 2.76 0.89 425 1.07 0.39 428 428 TPhlI(61), TRing(17)
412 6.80 2.89 412 8.79 3.14 - - 5CN(23), 5Ring(21), 5CH,(20)
408 10.92 4.47 405 1.35 407 399 TPhI(77)
384 18.44 1.08 378 21.00 0.69 - 375 3C=0(22), 5Ring(29), TPhII(18)
364 7.67 4.37 362 7.59 4.65 - - 5Ring(22), 3PhII(20), 3CH,(18)
360 143 3.16 352 0.59 1.50 - - 5CC(30), 5PhII(20)
354 1.17 1.66 349 1.58 2.19 - - 3CC(22), TPhII(13), TCH5(25)
349 0.32 1.44 344 0.08 1.46 - 341 TCC(31), TPhI(13), TCH3(22)
303 1.68 3.01 301 1.62 2.56 - 301 5C=C(16), 53CN(12), 8PhI(10), yCC(11)
284 0.66 3.55 282 0.79 3.26 - 285 TPhI(35), 8C=C(13), 5CC(17)
230 2.64 1.32 229 6.15 0.95 - 232 5CC(26), 53CN(16), 5CH,(15)
229 10.24 1.50 218 3.04 2.07 - - YCN(23), TRing(18), TCH5(22)
204 0.12 2.94 204 0.38 1.99 - 207 TCH;5(35), YCN(14), 5CC(12)
183 9.53 0.47 183 527 0.56 -— 182 3CN(14), 3CC(16), TCH5(10), TCH,(10)
179 5.44 0.27 168 0.64 0.12 - - TCH5(17), 8CO(12), tRing(12), 5CC(10)
169 1.12 0.10 161 1.58 0.77 - 163 TRing(47), TNH(21)
157 1.46 0.87 143 3.32 0.36 - - TRing(53), TNH(40)
122 2.43 3.29 124 1.53 . - 123 YCC(24), TCHy(13), TPhI(11)
95 0.85 3.23 96 0.69 3.15 - 97 TCH;5(24), TC=C(12), TRing(11)
82 0.51 1.85 81 0.37 2.27 - - YCN(16), tC=C(14), TPhII(11), TRing(17)
65 0.49 4.25 66 0.40 3.66 - - ©C=C(16), TRing(39), TPhII(15)
47 1.02 3.41 49 0.71 3.12 - - TC=C(28), TCH3(13), TCN(12), TCC(23)
43 0.04 3.52 43 0.01 2.26 - - ©C=C(25), TRing(19), TCN(16)
27 0.45 6.73 36 0.06 0.32 - - TCH5(67), yCC(17)
19 0.20 1.35 27 0.47 7.45 - - ©C=C(37), TCC(14), TCN(14)
14 0.97 9.00 17 0.66 9.49 - - T©CO(54), TCN(18), TCH,(20)
11 0.05 7.85 12 0.04 - - ©C0O(41), TCN(16), TCH,(17)

a

v - stretching; 8 - in-plane deformation; y - out-of-plane deformation; t - torsion; as - asymmetric; s - symmetric; Phl - mono-substituted phenyl ring; PhIl - tri

substituted phenyl ring; Ring — quinazoline; IR; - IR intensity; Ry — Raman activity. Potential energy distribution is given in brackets in the assignment column.

and Ulahannan et al. [46,47] reported CN stretching modes at
1262 cm~! in IR, 1244, 1202 cm™! in the Raman spectrum and at
1270, 1255, 1240, 1230 cm™! theoretically.

The carbonyl group is contained in a large number of different
classes of compounds, for which a strong absorption band due to
C=0 stretching vibration is observed in the range of 1850-
1550 cm™! [41]. The carbonyl groups give rise to bands at 1720-
1790 cm™' [48]. For the title compound, the C=0 stretching bands
are observed at 1720 cm™! in the IR spectrum, 1712 cm™! in the
Raman spectrum and at 1732, 1730 cm™! theoretically. The defor-
mation modes of the C=0 group are also identified and assigned

(Table 1). For the title compound, as expected the asymmetric
C—O0—C stretching vibration is assigned at 1083 cm~! and the sym-
metric stretching mode at 945 cm™! theoretically (B3LYP) [49].
Experimentally, these modes are observed at 1083 cm ! in the IR
spectrum and at 1085 cm™~! in the Raman spectrum for the title
compound. Bhagyasree et al. [50] reported C—O—C stretching
modes at 1144, 1063 (IR), 1146, 1066 (Raman) and at 1153,
1079 cm™! theoretically (SDD). The skeleton C—O deformations
can be found in the region 320 £ 50 cm™! [51].

The vibrations of the CH, group, the asymmetric stretch v,sCH,,
symmetric stretch vsCH,, scissoring vibration 3CH,, appear in the
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region 2945+45, 2885+45 and 1445 +35cm™!, respectively
[42,52]. The B3LYP calculations give v,CH, at 3029, 2974 cm™!
and vsCH, at 2950, 2884 cm~!. The bands observed at 3035,
2868 cm™! (IR) and 2945, 2882 cm~! (Raman) are assigned CH,
modes stretching modes. In the present case, the band observed
at 1476 cm~! in the IR, 1402 cm ' in Raman spectrum and 1475,
1404 cm™' (B3LYP) are assigned as the scissoring mode of CH,.
Bands of hydrocarbons due to CH, twisting and wagging vibrations
are observed in the region 1180-1390 cm ™! [49,52]. The CH, wag-
ging and twisting modes are assigned at 1373, 1323, 1233,
1222 cm ! (B3LYP), 1373, 1329 cm ™! (IR), 1376, 1236, 1223 cm ™'
(Raman), respectively. The bands calculated at 968, 914 cm™! are
assigned as the rocking modes of CH,.

The stretching vibrations of the CHs; group are expected in the
range of 2900-3050 cm™! [42,52]. The asymmetric stretching
modes of the methyl group are calculated to be at 3023, 3011,
2976, 2971 cm™! and the symmetric modes at 2927, 2926 cm™'.
The bands observed at 2977, 2925 cm™! in the infrared spectrum
and at 3005, 2980, 2966, 2920 cm™' in the Raman spectrum were
assigned as stretching modes of the CH3 group. The asymmetric
and symmetric bending vibrations of the methyl group normally
appear in the region of 1400-1485cm~! and 1380-1420 cm™!
[41,42]. The bands observed at 1455 cm ™! in the IR spectrum and
at 1464cm™! in the Raman spectrum were assigned as CHs
bending modes. The B3LYP calculations give these modes in the
range 1389-1472 cm™'. In the present case the rocking modes of
methyl group were calculated to be at 1045, 1037, 1024,
992 cm~' and were observed at 1048 cm~! in the IR spectrum
and at 1027 cm™! in the Raman spectrum. The torsional vibrations
of methyl groups were often assigned within the region
185 +65 cm~! [42]. The CC modes are also identified and assigned
(Table 1).

The existence of one or more aromatic rings in the structure is
normally readily determined from the C—H and C=C—C ring
related vibrations. The C—H stretching occurs above 3000 cm™!
and is typically exhibited as a multiplicity of weak to moderate
bands, compared with the aliphatic C—H stretch [53]. The bands
observed at 3117cm™! in the IR and 3115, 3088, 3080,
3054cm~! in the Raman spectrum are assigned as the C—H
stretching modes of the phenyl rings. The B3LYP calculations give
these modes in the range 3055-3121 cm™".

The benzene ring possesses six ring stretching vibrations, of
which the four with the highest wavenumbers (occurring near
1600, 1580, 1490 and 1440 cm™') are good group vibrations. In
the absence of ring conjugation, the band near 1580 cm™! is usu-
ally weaker than that at 1600 cm™'. The fifth ring stretching vibra-
tion which is active near 1335 + 35 cm ™! a region which overlaps
strongly with that of the CH in-plane deformation and the intensity
is in general is low or medium high [42]. The sixth ring stretching
vibration or ring breathing mode appears as a weak band near
1000 cm™! in mono, 1,3-di and 1,3,5-trisubstituted benzenes.
However, in the otherwise substituted benzene, this vibration is
substituent sensitive and difficult to distinguish from the ring in-
plane deformation. Since the identification of all the normal modes
of vibrations of large molecules is not trivial, we tried to simplify
the problem by considering each molecule as substituted benzene.
Such an idea has already been successfully utilized by several
workers for the vibrational assignments of molecules containing
multiple homo- and hetero-aromatic rings [50,54-56]. The modes
in the two phenyl rings will differ in wavenumber and the magni-
tude of splitting will depend on the strength of interactions
between different parts (internal coordinates) of the two rings.
For some modes, this splitting is so small that they may be consid-
ered as quasi-degenerate and for the other modes a significant
amount of splitting is observed. Such observations have already
been reported [50,54-56].

For the title compound, the bands observed at 1617, 1504,
1309 cm~! in the IR and 1620, 1496, 1338 cm™' in the Raman spec-
trum are assigned as vPhll modes with 1614, 1567, 1491, 1349,
1308 cm™! as B3LYP values. In asymmetric tri-substituted ben-
zene, when all the three substituents are light, the ring breathing
mode falls in the range 500-600 cm™'; when all the three substit-
uents are heavy, it appears in the range 1050-1100 cm~! and in the
case of mixed substituents, it falls in the range 600-750 cm™~! [57].
Madhavan et al. [58] reported the ring breathing mode for a com-
pound having two tri-substituted benzene rings as 1110 cm~! and
1129 cm™'. For the title compound, PED analysis gives the ring
breathing mode at 1100 cm~! (B3LYP) with 1109 cm~! in IR which
is in agreement with the literature [50,59]. For tri-substituted ben-
zenes 5CH modes are expected in the range 1100-1280 cm ™' [42].
For the phenyl ring Phll, the bands observed at 1248, 1109 cm™! in
the IR spectrum and at 1255, 1156 cm™! in the Raman spectrum
are assigned as in-plane CH deformation modes. Also B3LYP calcu-
lations give these modes at 1259, 1157, 1100 cm~! which are in
agreement with the literature [42].

For mono-substituted benzene, the vPh modes are expected in
the range of 1285-1610 cm™! [42]. For the title compound, the
vPhl modes are assigned at 1598, 1570, 1486, 1436, 1293 cm™!
theoretically and bands are observed at 1588 cm™! in IR spectrum
and at 1599, 1575, 1438 cm™! in Raman spectrum. The ring
breathing mode for mono-substituted benzenes appears near
1000 cm™! [42]. For the title compound, this is confirmed by
the band at 979 cm™! in the IR spectrum which finds support
from the computational results 977 cm~'. For mono-substituted
benzene, the in-plane CH vibrations are expected in the range
of 1015-1300cm~! [42]. Bands observed at 1166, 1144,
1019 cm™! in the IR spectrum and at 1316, 1142cm™! in the
Raman spectrum are assigned as 6CH modes for the ring Phl.
The corresponding theoretical values (B3LYP) are 1316, 1170,
1147, 1071 and 1015 cm™".

The C—H out-of-plane deformations yCH are observed between
1000 and 700 cm~! [42]. yCH vibrations are mainly determined by
the number of adjacent hydrogen atoms on the ring. Although
strongly electron attracting substituent groups, such as nitro
group can result in an increase (about 30 cm™!) in the wavenum-
ber of the vibration, these vibrations are not very much affected
by the nature of the substituent. Generally the C—H out-of-plane
deformations with the highest wavenumbers have a weaker inten-
sity than those absorbing at lower wavenumbers. Most of the
deformation bands of the CH vibrations of the phenyl rings are
not pure but contain significant contributions for other modes
(Table 1). The out-of-plane yCH modes are observed at 934,
811 cm™ ' in the IR spectrum, for Phil and at 934, 824, 730 cm ™'
in Raman spectrum for Phl. The corresponding B3LYP values are
937, 901, 807 cm™"' for Phil and 957, 932, 902, 828, 733 cm™' for
Phl.

In order to investigate the performance of vibrational wave-
numbers of the title compound, the root mean square (RMS) value
between the calculated and observed wavenumbers were calcu-
lated. The RMS values of wavenumbers were calculated using the
following expression [51]:

RMS — |2 3 0% — 05

The RMS errors of the observed IR and Raman bands are found
to be 19.93 and 17.79 for B3PW91/6-31G(d) (6D, 7F) and 7.14 and
4.50 for B3LYP/6-31G(d) (6D, 7F) methods, respectively. The small
differences between experimental and calculated vibrational
modes are observed. This is due to the fact that experimental
results belong to solid phase and theoretical calculations belong
to gaseous phase.
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NLO properties

Nonlinear optical (NLO) effects arise from the interactions of
electromagnetic fields in various media to produce new fields
altered in phase, frequency, amplitude or other propagation char-
acteristic from the incident fields. The first order hyperpolariza-
bilty (p) of the title molecule is calculated using B3LYP method.
The first order hyperpolarizability is a third rank tensor that can
be described by 3 x 3 x 3 matrices. The 27 components of the 3D
matrix can be reduced to 10 components due to the Kleinman sym-
metry [60]. It can be given in the lower tetrahedral format. It is
obvious that the lower part of the 3 x 3 x 3 matrices is a tetrahe-
dral. The components of f are defined as the coefficients in the Tay-
lor series expansion of the energy in the external electric field.
When the external electric field is weak and homogenous, this
expansion becomes:

1 o1 PP | el
E=Ey— Zu,-F' - iZaﬁF'F' - EZﬁiij‘F]F - ﬂZyijk,F'F’F F
i ij ijk ijkl

where E, is the energy of the unperturbed molecule, F is the field at
the origin, w, a;, By and 7y, are the components of dipole moment,
polarizability, the first hyperpolarizabilities, and second hyperpo-
larizibilities, respectively. The calculated first hyper polarizability
of the title compound is 2.75 x 1073® esu and which is 21.15 times
that of the standard NLO material urea (0.13 x 107> esu) [61]. We
conclude that the title compound is an attractive object for future
studies of nonlinear optical properties.

Frontier molecular orbital analysis

The most widely used theory by chemists is the molecular orbi-
tal (MO) theory. It is important that ionization potential I, electron
affinity A, electrophilicity index , chemical potential p, electro-
negativity y, hardness # and softness y be put into a MO frame-
work. Based on density functional descriptors and global
chemical reactivity descriptors of compounds such as hardness,
chemical potential, softness, electronegativity and electrophilicity
index as well as local reactivity has been defined [62-64]. Pauling
introduced the concept of electronegativity as the power of an
atom in a compound to attract electrons to it. Using Koopman'’s
theorem for closed shell components #, i and y can be defined
asn=1-A; u=(1-A)2; y=(I+A)/2; where ] and A are the ioni-
zation potential and electron affinity of the compounds respec-
tively. The ionization energy and electron affinity can be
expressed through HOMO and LUMO orbital energies as I = —Eyomo
(6.456) and A = —Erymo (0.140). Electron affinity refers to the capa-
bility of ligand to accept precisely one electron from a donor. How-
ever, in many kinds of bonding viz. covalent and hydrogen
bonding, partial charge transfer takes place. The ionization poten-
tial given by DFT method for the title compound is 6.456 eV. Con-
sidering the chemical hardness, large HOMO-LUMO gap means a
hard molecule and small HOMO-LUMO gap means a soft molecule.
One can also relate the stability of the molecule to hardness, which
means that the molecule with least HOMO-LUMO gap means, it is
more reactive. Parr et al. [62] have defined a new descriptor to
quantity the global electrophilic power of the compound as elec-
trophilicity index (w) which defines a quantitative classification
of global electrophilic nature of a compound. Parr et al. have pro-
posed electrophilicity index (w) as a measure of energy lowering
due to maximal electron flow between donor and acceptor. They
defined electrophilicity index as follows: w = 12/21. The usefulness
of this new reactivity quantity has been recently demonstrated
understanding the toxicity of various pollutants in terms of their
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Fig. 4. HOMO and LUMO plots of the title compound.

reactivity and site selectivity [65]. The calculated vales of hardness,
softness and electrophilicity index are 6.316, 3.298 and 0.7895.
When two molecules react, which one will act as an electrophile
(nucleophile) will depend on which one has a higher (lower) elec-
trophilicity index [66]. The calculated value of electrophilicity
index describes the biological activity of the title compound. The
atomic orbital components of the frontier molecular orbital are
shown in Fig. 4.

Molecular electrostatic potential

MEDP is related to the ED and is a very useful descriptor in under-
standing sites for electrophilic and nucleophilic reactions as well as
hydrogen bonding interactions [67,68]. The electrostatic potential
V(r) is also well suited for analyzing processes based on the “recog-
nition” of one molecule by another, as in drug-receptor, and
enzyme-substrate interactions, because it is through their poten-
tials that the two species first “see” each other [69,70]. To predict
reactive sites of electrophilic and nucleophilic attacks for the inves-
tigated molecule, MEP at the B3LYP/6-31G(d,p) optimized geome-
try was calculated. The negative (red and yellow) regions of MEP
were related to electrophilic reactivity and the positive (blue')
regions to nucleophilic reactivity (Fig. 5). From the MEP it is evident
that the negative charge covers the C=0 group and the positive
region is over the phenyl ring and NH group.

NBO analysis

The natural bonding orbital (NBO) analysis has been performed
in order to investigate intra-molecular charge transfer interactions,

! For interpretation of color in Fig. 5, the reader is referred to the web version of
this article.
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Fig. 5. MEP plot of the title compound.

re-hybridization and delocalization of electron density within the
molecule. The hyper-conjugation may be given as stabilizing effect
that arises from an overlap between an occupied orbital with
another neighboring electron deficient orbital, when these orbitals
are properly oriented. This non-covalent bonding (anti-bonding)
interaction can be quantitatively described in terms of the NBO
analysis, which is expressed by means of the second order pertur-
bation interaction energy E(2) [71-74]. This energy represents the
estimate of the off diagonal NBO Fock matrix elements. It can be
deduced from the second order perturbation approach [75] and
is given as:

(Fiy)?

where g; is the donor orbital occupancy, E; and E; are the diagonal
elements and F;; is the off diagonal NBO Fock matrix element.

The intra-molecular hyper-conjugative interactions are formed
by the orbital overlap between n(0) and o' (C—N) bond orbital
which results in ICT causing stabilization of the system. The strong
intra-molecular hyper-conjugative interaction of Ny—C; from nj,.
(04) » 6’ (N4—C;) which increases ED (0.08610e) that weakens
the respective bonds leading to stabilization of 28.56 kcal mol .
The strong intra-molecular hyper-conjugative interaction of
Ng—Cs from ny(0,) > o (Ng—Cs) which increases ED (0.08893e)
that weakens the respective bonds leading to stabilization of
26.99 kcal mol~!. The strong intra-molecular hyper-conjugative
interaction of Ny—Cs from n,(0s;) —» o (Ng—C,») which increases
ED (0.05647¢) that weakens the respective bonds leading to stabil-
ization of 13.91 kcal mol~". Another intra-molecular hyper-conju-
gative interactions are also formed by the orbital overlap
between n(N) and o (0—C) bond orbital which results in ICT caus-
ing stabilization of the system. The strong intra-molecular hyper-
conjugative interaction of 0,—Cg from n;(N4) — ' (0>,—Cs),
n;(Ng) — ' (0,—Cg) which increases ED (0.36925e) that weakens
the respective bonds leading to stabilization of 60.15,
60.77 kcal mol~'. The increased electron density at the different
atoms leads to the elongation of respective bond length and a low-
ering of the corresponding stretching wavenumber. The electron
density (ED) is transferred from the n(O) and n(N) to the anti-
bonding 7', ¢~ orbitals of the C—N, C—0 explaining both the elon-
gation and the red shift. The C=0, N—C, and C—0—C stretching
modes can be used as a good probe for evaluating bonding config-
uration around the corresponding atoms and the electronic distri-
bution of the molecule.

The NBO analysis also describes the bonding in terms of the nat-
ural hybrid orbital n,(0;), which occupy a higher energy orbital
(—0.25003 a.u.) with considerable p-character (99.99%) and low
occupation number (1.85914 a.u.) and the other n;(0;) occupy a
lower energy orbital (—0.67961 a.u.) with p-character (41.21%)
and high occupation number (1.97719 a.u.). Also ny(0,), which
occupy a higher energy orbital (—0.25415 a.u.) with considerable
p-character (100.00%) and low occupation number (1.84247 a.u.)
and the other n{(O,) occupy a lower energy orbital
(—0.68772 a.u.) with p-character (40.24%) and high occupation
number (1.97521 a.u.). Again ny(03), which occupy a higher energy
orbital (—0.30357 a.u.) with considerable p-character (99.38%) and
low occupation number (1.90846 a.u.) and the other n,(03) occupy
a lower energy orbital (—0.56616 a.u.) with p-character (57.27%)
and high occupation number (1.96527 a.u.). Thus, a very close to
pure p-type lone pair orbital participates in the electron donation
to the o (C—N) orbital for ny(0;) > 6" (N4—C;), o (N—C) orbital
for n,(0,) > & (Ne—Cg), o (N—C) orbital for ny(03) » o (Ng—Cs2)
and 7'(0—C) orbital for ni(N4) — 1 (0,—Cs), n1(Ng) — T (0;—Cg)
interactions in the compound. The results are tabulated in Tables
S2 and S3 (supporting material).

Geometrical parameters

The CC bond lengths in the ring Phl lie between 1.3925-
1.4742 A (B3LYP) and 1.3790-1.4790 A (XRD) and in the ring Phll
lies between 1.3891-1.4075A (B3LYP) and 1.3790-1.4000 A
(XRD). In the title compound, benzene rings are a regular hexagon
with bond lengths somewhere in between the normal values for a
single (1.54) and a double (1.33) bond [76]. For the title compound,
the C=0 bond lengths are 1.2207, 1.2216 A (B3LYP), 1.2257,
1.2311A (XRD) and C—O bond lengths are 1.4010, 1.4385A
(B3LYP), 1.4130, 1.4409 A (XRD) which are in agreements with
reported values [77-79]. In the title quinazoline ring, the bond
lengths for the Cg—Ng, Cs—Ng, Cs—N,4, C;—N,4 are 1.4070, 1.3945,
1.3885, 1.3945 A (B3LYP) and 1.4081, 1.3749, 1.3773, 1.3780A
(XRD), respectively. These bond lengths are indicative of a signifi-
cant double bond character. The C—N bond lengths were also found
to be much shorter than the average value for a C—N bond (1.47 A),
but significantly longer than a C=N double bond (1.22 A) [80], sug-
gesting that some multiple bond character is presented. At Cg posi-
tion of the Ring II, the bond angles C;;—Cg—Ng=121.5 and
C17—Cg—Cqp=118.4° and this asymmetry shows the interaction
between Ring Il and quinazoline ring. Also at Cg and Cg positions
of the quinazoline ring, the bond angles given by B3LYP calcula-
tions are, Cg—NG—C3 =1224, Cg—NG—CZZ =117.1, N4—C8—N6 =
115.0, Ng—Cg—0, = 123.6°, which shows the interaction between
0, and the CH; group at Cy; position. The asymmetry of the bond
angles at Css5 pOSitiOn (C36—C35—C44 =117.9, C36—C35—C33=118.6,
Cqqa—C35—C33 = 123.6°) gives the steric repulsion between Ring I
and the adjacent groups.

The C=C group is tilted from the phenyl Ring I as is evident from
the torsion angles, C38—C36_C35_C33 =179.7, C36—C35—C33—C28 =
—36.6, C4—C44—C35—C33=-179.3 and Cyq4—C35—C33—C35 = 145.7°.
The torsion angles, C17_C9_N6_C22 =-171.7, Cg_NG—C22—03 =
—70.8, Ny—Cg—Ng—Cy = 173.6, Cg—Ng—C,—03 = 112.1° show that
the quinazoline ring and C;;—03 groups are tilted from each other.
Most of the theoretically obtained geometrical parameters (B3LYP)
are in agreement with the XRD data.

Conclusion

6-Methyl-1-({[(2E)-2-methyl-3-phenyl-prop-2-en-1-yl]oxy}-
methyl)-1,2,3,4-tetra-hydro quinazoline-2,4-dione was prepared
via treatment of silylated 6-methylquinazoline-2,4-dione with
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bis-[(E)-2-methyl-3-phenylallyloxy|methane. ~The vibrational
wavenumbers were examined theoretically using the Gaussian09
set of quantum chemistry codes, and the normal modes were
assigned by potential energy distribution calculation. The geomet-
rical parameters of the title compound are in agreement with the
XRD results. A computation of the first hyperpolarizability indi-
cates that the compound may be a good candidate as a NLO mate-
rial. Stability of the molecule arising from hyper-conjugative
interaction and charge delocalization has been analyzed using
NBO analysis. The difference in HOMO and LUMO energy supports
the charge transfer interaction within the molecule. To predict the
reactive sites for electrophilic and nucleophilic attack for the title
compound, the MEP at B3LYP optimized geometry was calculated.
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