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ABSTRACT

Highly functionalized dihydropyrimidine has been synthesised by biginelli one pot multi component condensation
reaction. Spectral analysis of the synthesized compound has been proposed by UV, FT-IR and NMR spectral
analysis. Theoretical calculations were performed by DFT/B3LYP/6-311++G(d,p) level of theory. The optimized
molecular structure and fundamental harmonic vibrations were compared with experimental data. The
chromophores which are responsible for the electronic transition are determined by frontier molecular orbital
analysis. The stabilization energy of the studied molecule during electron delocalisation and molecular interactions
are calculated by second order perturbation analysis. From the results of NLO studies, the title compound is a good
candidate for nonlinear optics with highest hyperpolarizability value.
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INTRODUCTION

Nitrogen containing heterocyclic compounds has shown phenomenal pharmacological activities. In particular,
pyrimidine and its derivatives have implausible biological and medicinal relevance and are used as anticancer,
antiviral, anti-inflammatory, anti-HIV, anti-tumour and anti-bacterial agents [1-9]. In addition, pyrimidine based
molecules also attracted for their valuable optical and physical properties. Organic molecules bearing pyrimidine
nucleus have exhibit fluorescent radiometric chemosensory, luminescent materials and inhibition of corrosion of
metal surface [10-12]. Nowadays, computational chemistry becomes a very useful field in interpretation,
understanding and simulation of experimental data. Theoretical calculations are widely used for the determination of
the electronic properties and elucidating the structure-activity relationships of synthesized and natural organic
compounds [13,14].

Based on the incredible importance of the pyrimidines, we are planned to synthesize a pyrimidine derivative, ethyl-
2-(chloromethyl)-8-methoxy-4-oxo-3,4,5,6-tetrahydro-2H-2,6-methanobenzo(g)(1,3,5)oxadiazocine-11-
carboxylate(ECMC).The synthesized molecule is subjected for combinatorial study. The molecular structure has
been studied using experimental data and also with theoretical predictions. In addition to that, some electrochemical
properties are also studied to know about the impact of molecular properties on nonlinear optical property.
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EXPERIMENTAL SECTION

Synthesis of ethyl-2-(chloromethyl)-9-methoxy-4-oxo-3,4,5,6-tetrahydro-2H-2,6-
methanobenzo(g)(1,3,5)oxadiazocine-11-carboxylate

2-Hydroxy-5-methoxybenzaldehyde (0.76 g, 5 mmol) and urea (0.9 g, 15 mmol) was added to an ethanolic solution
of ethyl acetoacetate (0.65 ml, 5 mmol). To the mixture CeCl;.7H,0 (0.465 g, 25%) was added and stirred well.
After the addition was complete, the reaction mixture was refluxed at 90°C. After reaction completion, the mixture
being cooled to room temperature and poured on to crushed ice. The content is stirred for 5-10 mins. The solid was
separated and filtered under suction, then recrystallized from DMSO (Scheme 1).

Melting point = 195°C; Yield = 93%.
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Scheme 1: Synthesis of ethyl-2-(chloromethyl)-9-methoxy-4-oxo-3,4,5,6-tetrahydro-2H-2,6- methanobenzo(g)(1,3,5) oxadiazocine-11-
carboxylate

Structural Determination
The newly synthesized oxygen bridged pyrimidinone derivative ECMC molecular structure was elucidated using
FT-IR, FT-Raman and NMR spectral analysis. The *H and **C-NMR spectra of ECMC are shown in Figures 1,2.

The spectral values are given below.

'H NMR (400 MHz, DMSOde): & = 6.74-6.84 (m, ArH), 7.73 (s, NH), 7.46 (s, NH), 1.21-1.26 (t, 2H, CH3), 3.70 (s,
1H, CHs), 4.31 (d,1H); *C-NMR (100 MHz, DMSOds): & = 167.8, 154.1, 113.1-153.3, 83.8, 60.9, 55.3, 47.6,
13.9.IR (KBr) vem*; 3338, 3214cm™ (NH), 3080 cm™ (Ar-CH), 2965 cm™(Cio-Hg,), 1740 cm™ (C=0), 1588cm™
(C=C).

Computational Details

In the present study, Gaussian 03 program is used to compute the theoretical calculations of ECMC by using
DFT/B3LYP gradient with 6-31G (d,p) basis set. The vibrational modes of the synthesised compound were assigned
on the basis of PED analysis using VEDA4 program [15]. The theoretical wavenumbers were scaled down
uniformly by a scale factor of 0.9608 for close proximity with experimental results.
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Figure 2: ®C-NMR spectrum of ECMC
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RESULTS AND DISCUSSION

Geometrical Structural Parameter

The optimized structural parameters such as bond length and bond angles of ECMC is calculated theoretically
using DFT/B3LYP/6-311++G(d,p) level of theory. Table 1 consists of geometrical parameters of optimized
structure of ECMC. The energy minimized optimized structure of ECMC with atom numbering is shown in
Figure 3. There is no exact crystal data available for the title compound, hence, the calculated geometrical
parameters are comparatively studied with the experimental crystal data obtained for analogous molecule of
ethyl-(2S)-9-methoxy-2-methyl-4-oxo0-3,4,5,6-tetrahydro-2H-2,6 methanobenzo(g)(1,3,5)oxadiazocine-11-
carboxylate, reported by Dhandapani et al [16].
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Figure 3: The optimized structure of ECMC

For the title compound, the C—C bond length in aromatic ring lies is in the range of 1.39-1.40 A, while in
pyrimidine ring, the C—C bond length values are slightly higher, because Co, Cip and Cy3 atoms are sp3
hybridized carbons and are attached with electronegative nitrogen atom. The carbonyl bond lengths are
calculated as 1.22 and 1.21 A. The C-O bond lengths are calculated in the range from 1.36-1.45 A, which shows
good agreement with literature values of C—O bond length.

Table 1: The geometrical parameters of ECMC

Bond length | (A) | Bond length A Bond angle °)
C1-C2 14 C21-H24 1.09 C13-C16-H33 | 110.39
C1-C6 1.39 036-C37 141 C13-C16-ClI34 | 11251
C1-C9 1.52 C37-H38 1.09 H17-C16-H33 | 110.32
C2-C3 1.39 C37-H39 1.09 H17-C16-Cl34 | 106.74
C2-015 1.38 Bond angle (°) H33-C16-ClI34 | 106.64

C3-C4 1.39 C3-C2-015 117.25 | C10-C19-027 | 111.58
C3-7H 1.08 C2-C3-C4 120.37 | C10-C19-028 | 124.61
C4-C5 14 C2-C3-H7 118.85 | 027-C19-028 | 123.69
C4-H35 1.08 C4-C3-H7 120.76 | C21-C20-H25 | 112.23
C5-C6 1.39 C3-C4-C5 119.76 | C21-C20-H26 | 112.37
C5-036 1.36 C3-C4-H35 119.11 | C21-C20-027 | 107.58
C6-H8 1.08 C5-C4-H35 121.12 | H25-C20-H26 | 107.64
C9-C10 1.53 C4-C5-C6 119.42 | H25-C20-027 | 108.34
C9-H18 1.09 C4-C5-036 124.83 | H26-C20-027 | 108.54
C9-N29 1.46 C6-C5-036 115.73 | C20-C21-H22 | 111.2
C10-C13 1.55 C1-C6-C5 121.07 | C20-C21-H23 | 111.06
C10-C19 1.52 C1-C6-H8 120.6 | C20-C21-H24 | 109.58
C10-H32 1.09 C5-C6-H8 118.31 | H22-C21-H23 | 108.47
C11-N29 1.38 C1-C9-C10 110.23 | H22-C21-H24 | 108.15
C11-N30 1.39 C1-C9-H18 109.81 | H23-C21-H24 | 108.26
C11-031 1.22 C1-C9-N29 112.7 | C19-027-C20 | 115.81
H12-N29 1.01 | C10-C9-H18 | 109.61 | C9-N29-C11 | 118.81
C13-015 143 | C10-C9-N29 | 106.05 | C9-N29-H12 | 117.21
C13-C16 1.53 | H18-C9-N29 | 108.3 | C11-N29-H12 | 111.72
C13-N30 1.44 | C9-C10-C13 | 105.13 | C11-N30-C13 | 128.06
H14-N30 1.01 | C9-C10-C19 | 111.09 | C11-N30-H14 | 113.43
Cl16-H17 1.08 | C9-C10-H32 | 108.93 | C13-N30-H14 | 116.85
C16-H33 1.08 | C13-C10-C19 | 115.74 | C5-036-C37 | 118.05
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C16-CI34 1.81 | C13-C10-H32 | 108.12 | 0O36-C37-H38 | 106.04
C19-027 1.34 | C19-C10-H32 | 107.62 | O36-C37-H39 | 111.71
C19-028 1.21 | N29-C11-N30 | 114.59 | 0O36-C37-H40 | 111.72
C20-C21 1.51 | N29-C11-031 | 123.46 | H38-C37-H39 | 109.12
C20-H25 1.09 | N30-C11-031 | 121.86 | H38-C37-H40 | 109.12
C20-H26 1.09 | C10-C13-015 | 108.88 | H39-C37-H40 | 109.01
C20-027 1.45 | C10-C13-C16 | 113.29 | C13-C16-H17 | 110.09
C21-H22 1.09 | C10-C13-N30 | 107.13 C2-C1-C6 118.96
C21-H23 1.09 | 015-C13-C16 | 104.97 C2-C1-C9 119.57
C37-H40 1.09 | O15-C13-N30 | 112.85 C6-C1-C9 121.43
C16-C13-N30 | 109.81 C1-C2-C3 120.38
C2-015-C13 | 116.65 C1-C2-015 122.31

The N-H and C-H bond length values are calculated as 1.01 and 1.08-1.09 A respectively. The C-N bond
lengths are calculated as 1.39, 1.38, 1.44 and 1.46 A, in which bond length of Cs—Nog and C;5—Ng are slightly
higher. This is due to nitrogen atoms attached with sp® hybridised carbon atom.

Generally sp? hybridised carbon atoms have bond angle around ~120°. In the present study, bond angle of sp?
hybridized carbon atoms are in the range of 117-122°, in which Cs C;; and Cyg carbon atoms somewhat
deviated from their normal bond angle, this is due to these atoms attached with electronegative atoms such as
nitrogen and oxygen. Similarly, sp* hybridised C5 and Cs; atoms also deviated to some extent and bond angle of
other sp® carbon atoms are in the range of 107-111°.

Intramolecular Stabilization Analysis

A detailed description of molecular interaction of the ECMC compound can be explained by NBO analysis. It is
used to find the interaction between the bond orbitals, electron delocalization, intramolecular charge transfer
(ICT) and identification of hydrogen bonding. In this analysis, the electron wave functions are interpreted in
terms of bonding and antibonding orbitals, these orbitals corresponds to delocalization of electron density
between donor acceptor interactions. The delocalization effects (or donor acceptor charge transfers) can be
estimated from the off-diagonal elements of the Fock matrix in the NBO basis [17-19]. The various donor-
acceptor interactions of ECMC are listed in Table 2.

The molecular interaction of the title compound mainly occur from the ¢ occupied orbital to the ¢* unoccupied
orbital. The energy interactions from bonding orbital o(N»s—H;,) to anti bonding *(Co— C19, C11— N3g) resulting
the stabilization energies of 8.66 and 20.04 KJ/mol with occupancy of 0.0236 and 0.0827e, respectively. Some
other strong o— ¢* interactions of the title molecule are 6C;—C,— ¢*C;—Cg, C,—C3, 6C1—Cs— 6*C1—C,, C,—Oys,
(o) Cz—C3—> G*Cl—CZ, (&) C3—C4—> G*C1—035, , O N30—H14—> G*Cll—Nzg, GCZl—H24—> G*C20—027 with the
stabilization energies of 15.73, 17.45, 17.87, 18.33, 19.04, 19.83, 18.45 and 19.54 KJ/mol respectively. From
the results, it is clear that the strong interaction of o(N,g—Hj,) — 6*(Cg—Cyg, C11— N3g) make the title molecule
stabilized.

Table 2: Second order perturbation theory analysis of Fock matrix in NBO basis for ECMC

Type | Donor (i) | ED/e | Acceptor (j) | ED/e | *E(2) (kJ/mol) | "EG)—E() a.u | °F(i, j) a.u
C2-C3 0.382 813 0.28 0.06
n-m* | C1-C6 | 1.709 C4-C5 | 04043 83.05 0.28 0.06
C9-N29 | 0.0359 2167 0.59 0.05
Cl-C2 | 00344 7.87 119 0.04
Cl1-C6 | 00187 105 122 0.05
¥ -
o-o* | CL-C9 | 19708 o1 0.0207 9 12 0.04
C10-H32 | 0.0159 6.61 1.06 0.03
Cl-C2 | 00344 19.04 127 0.06
Cl-C9 | 0.0402 13.22 11 0.05
-c* -
o-o* | C2-C3 | 19748 o T 00123 10.25 129 0.05
C3-H7 | 00117 531 118 0.03
Cl-C6 | 03738 87.19 0.29 0.07
¥ -
ment | C2-C3 | 16641 e 0.4043 77.19 0.28 0.06
C3-C4 | 00123 1 129 0.05
6-c* | C4-C5 | 19804 | C3-H7 | 00117 9 118 0.04
C4-H35 | 0.0124 5.44 118 0.03
Cl1-C6 | 03738 77.95 0.29 0.06
C2-C3 0.382 87.07 0.29 0.07
¥ -
ment | C4-C5 | 16591 =T N30 | 0.0559 6.9 1.02 0.03
C20-027 | 0.0337 15.31 0.9 0.05
Cl-C2 | 00344 26.94 112 0.07
-k
n-o 015 1959 1 —=i0-c13 | 0048 10.92 0.86 0.04
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C13-Cl16 | 0.0412 5.23 0.88 0.03

C2-C3 0.382 94.43 0.35 0.08

n -m* 015 1.8587 C10-C13 0.048 16.65 0.63 0.04
C13-N30 | 0.0559 43.6 0.67 0.07

n-c* 027 1.9614 | C19-028 | 0.0213 33.35 1.17 0.08
C19-028 | 0.2151 207.44 0.33 0.11

n-m* 027 1.7897 | C20-H25 0.019 16.78 0.78 0.05
C20-H26 | 0.0188 16.4 0.79 0.05

C10-C19 | 0.0676 10.75 1.06 0.04

n-o* 028 19754 C19-027 | 0.1004 5.82 1.06 0.03
Cl1-C6 0.3738 4.64 0.32 0.01

n-n* N29 1.7862 Cl1-C9 0.0402 33.35 0.68 0.06
C4-C5 0.4043 124.6 0.34 0.09

n -m* 036 1.8468 | C37-H39 | 0.0203 23.35 0.74 0.05
C37 -H40 | 0.0203 23.35 0.74 0.05

E(2) means energy of hyper conjugative interaction (stabilization energy).
PF(i,j) is the fork matrix element between i and j NBO orbitals.
°Energy difference between donor (i) and acceptor (j) NBO orbitals.

In the present study, the o-c* interaction have minimum delocalization energy then n— wn* interaction. Hence,
the o bonds have higher electron density than the m bonds. For the title compound, 7 electron delocalisation
takes place around phenyl ring of the title compound. The maximum stabilization energies 83.05, 87.16 and
87.07 KJ/mol are due to m electron delocalisation of C;—Cg, Co—Cs, C,~Cs bonds distributed energies to their
respective aniti bond ©* orbitals with occupancy of 0.4043, 0.3778 and 0.3820 e, respectively.

Similarly, the maximum stabilization energy resulted due to « electron delocalisation non-bonding electrons to
anti bonding orbitals. The stabilization energy of 207.44 and 124.6 KJ/mol due to transfer of energy from
nonbonding electrons of O,; and Oz distributed to anti bonding orbitals of ©*Cyg—O, and n*C4—Cs. The
energetic stabilization in ECMC reveals the charge transfer from lone pair of oxygen to respective acceptor
bonds.

Molecular Electrostatic Surface Potential (MESP)

The total charge distribution of the molecule can be determined by molecular electrostatic potential surface.
MEP is a useful tool to interpret hydrogen bonding and it correlates with dipole moments, electro negativity and
chemical reactivity of the molecules. The potential increases on MEPS in the order,
red<orange<yellow<green<blue [20]. From the Figure 4, it has been seen that, the negative potential region is
localized at Oy5, O17, O, Oz, Oz atoms of the ECMC compound. The most electropositive potential spread
over Ny and Nso atoms, which is preferrable site for nucleophilic attack.

Figure 4: The molecular electrostatic potential surface of ECMC

Electronic Absorption Studies

In order to analyse the electronic transition of the title compound, UV spectrum was recorded within the range
of 200-400 nm using ethanol as a solvent and representative spectrum is shown in Figure 5. From this
observation, the strong band at 250 nm exhibit the n-* transition takes place within the ECMC compound.
Theoretically, the electronic absorption was calculated by time dependent density functional theory (TD-DFT).
The computed electronic values, such as absorption wavelength (M), €Xxcitation energies (E), oscillator
strength (f) and assignments of electronic transitions for title compound are given in Table 3.

The theoretical absorption band at 263 nm shows good agreement with experimental absorption band with slight
red-shift. This is due to attractive polarisation forces between the solvent and the molecule, which lower the
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energy levels of both the excited and unexcited states. The calculated and recorded UV-Vis spectrum of the title
compound is shown in Figure 5.
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Figure 5: The theoretical and experimental UV spectra of ECMC
Table 3: The excitation energies and oscillator strength of ECMC
Experimenta
TD-DFT/B3LYP/6-31G(d,p) 1 Amax(nm)
. Cl expansion Energy Oscillator strength Calculated Wavelength
Orbitals .
coefficient gap () Amax(nm)
Excnelq State Singlet-A
89 — 90 0.68003 45233 0.019 274.1
89 — 91 -0.14421
Excnezq State Singlet-A
88 — 92 -0.11458 4.7113 0.0282 263.16 250.5
89 — 90 0.11191
89 — 91 0.67117
Excm;q State Singlet-A
89 — 92 0.65398 5.2948 0.0402 234.16
89 — 93 0.20463
FMO Analysis

Frontier orbitals of a molecule are simply considered as the highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO). The regions of highest electron density (HOMO) represent the
electrophilic-attacking sites, whereas the LUMO reflects the nucleophilic-attacked sites [21,22]. These
molecular orbitals are considered to assess the kinetic characteristics of reactants and reactions. These are likely
to be the major initial interactions as reactants approach since, at distances somewhat greater than typical bond
lengths, the greatest orbital overlap is between frontier molecular orbitals. They are used to find frontier electron
density for predicting the most reactive position in z-electron systems. The chemical stability of a molecule can
be characterized by the gap between HOMO and LUMO. A small gap indicates the significant degree of
intermolecular charge transfer from electron-donor groups to the efficient electron-accepter groups through =-
conjugated path [23].

The HOMO-LUMO amplitude of the ECMC compound is shown in Figure 6. It is noted that HOMO is
confined over the pyrimidine moiety and LUMO is located over phenyl ring. The HOMO-LUMO energy gap of
the title molecule is 4.4288 eV. The FMO orbitals are used to calculate the global reactivity descriptors, such as
ionization energy (1), electron affinity (A), Global hardness (n), chemical potential (u) and global
electrophilicityindex (o). These values are presented in Table 4. From that, it can be noted that, the energy gap
of the investigated molecule is small and the value of chemical potential is negative hence ECMC compound is
more stable and polarizable.
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Figure 6: The frontier molecular orbitals of ECMC
Table 4: Global reactivity descriptors of ECMC

Global reactivity descriptors Values (eV)
HOMO -4.789
LUMO -0.3602
energy gap (AE) = HOMO-LUMO -4.4288
ionization energy | = —Enomo 4.789
electron affinity A = 0.3602
Global hardness ()= 1/ 2(E,umo— Enomo) 2.2144
Global softness (s) =S =1/2n 0.2257
Electronegativity () =—1/ 2(ELumo* Enomo) 2.5746
Chemical potential (1) = - -2.5746
global electrophilicity index (W) = p?%/ 27 1.4966

Nonlinear Optical Property

Nonlinear optical material have an enormous role to use in a wide range of the areas from lasers to optical
switches, i.e, communication, signal processing and optical sensing [24-26], hence investigation of NLO
properties of a compound getting important in scientific aspect. In this context, the static dipole moment (),
polarizability (o) and the first-order hyperpolarizability (B) of the title compound have been computed at B3LYP
level of the theory based on the finite- field approaches [27-29] to predict the NLO properties, presented in the
Table 5.

The static dipole moment is predicted as 1.9263 D and the anisotropy of the polarizability () are found out to
be 3.9406x10%%esu. The first-order hyperpolarizability (B) of the title compound is calculated as 3.4097x10"
%%esu. As well known, urea is the prototype compound to elucidate the NLO properties of the molecular systems.
From the results obtained from the NLO analysis, we can suggested the title compound can be good non-linear
optic compound because the first order hyperpolarizability of title compound is around 9 times greater than
those of the urea (B=0.3728x10*’esu). Hence the investigated compound is a good candidate of non-linear
optics.

Table 5: Non-linear optical properties of ECMC

Parameters Dipole Moment | Parameters | Hyper polarizability

L 0.3669 By 3105

1y -1.8786 Brsy 2.21

1z 0.2164 Bryy 60.61

i 1.9263Debye Byyy -154.58

Polarizability (o) x10"*%esu Bz -14.51

Ol 232.36 Byyz 26.81

Oy 15.26 Byyz 97.18

Oy 166.74 Byzz -25.83

Oz 3.88 Byz -22.16

Oyz 2.1 Brz -4.62

Oz 171.11 Bo 3.4097x10 esu
o 3.9406x10 Pesu

*Reference value for urea u=1.3732 Debye, $,=0.3728x10esu.
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Assignment of Fundamental Bands

The vibrational analysis of ECMC was performed on the basis of the characteristic vibrations of methyl,
carbonyl, thiocarbonyl and methine. The molecule under consideration belongs to the C; point group. In order to
obtain the spectroscopic signature of the investigated molecule, frequency calculation analysis has been
performed by DFT method using B3LYP/6-311++G(d,p) level of theory. The computed harmonic wavenumbers
and their intensities of FT-IR and FT-Raman corresponding to the different normal modes are used for
identifying the vibrational modes unambiguously. The calculated wavenumbers are compared with the
experimental FT-IR and FT-Raman bands are summarised in Table 6 along with their PED contribution,
intensities and force constants. The recorded FT-IR and FT-Raman spectrums are shown in Figures 7,8.

N-H and C-N Vibrations

For hetero aromatic compounds, the N—H stretching vibrations appeared in the region of 3500-3000 cm™[30-
32]. In this study, N—H stretching vibration calculated at 3484 and 3482 cm™. This vibration experimentally
observed at 3214, 3213 cm™ in FT-IR spectrum and 3338 cm™ in FT-Raman spectrum.

The C—N stretching vibrations are normally occurs in the region of 1400-1200 cm™[32]. The C-N stretching
vibration of the title compound is calculated at 1397, 1363, 1066 and 934 cm™. These vibrations experimentally
observed at 1373 cm™ in FT-IR spectrum and 937 cm™ in FT-Raman spectrum. The deformation vibration Sycn
observed at 648 cm™ in FT-Raman spectrum, which is coincide well with theoretical wavenumber 640 cm™.

C-H Vibrations

The C-H stretching vibrations of aromatic compounds containing hetero atoms, commonly exhibit multiple
weak bands in the region of 3100-3000 cm™[33]. In the present study, the band observed at 3080 cm™ in FT-IR
spectrum and 3060 cm™ in FT-Raman spectrum are assigned to C—H stretching vibration of aromatic ring. These
vibrations show good correlation with theoretical wavenumber at 3088 and 3072 cm™. The aromatic C-H in-
plane-bending and out-of-plane bending vibrations observed at 1300-1000 cm™ and 900-690 cm™respectively
[34-37]. The computed wavenumbers at 1135 and 1138 cm™ are assigned to in-plane-bending vibrations of C—H
bond. The out-of-plane bending vibrations theoretically observed at 900 and 860 cm™. The aliphatic C-H
stretching vibration appeared at 2965 cm™ in FT-IR spectrum and this is supported by the theoretical
wavenumber at 2967 cm ™.

Methyl group Vibrations

Generally, the C-H stretching vibrations of methyl group are usually observed in lower wavenumber region than
Aromatic C—H stretching. The aliphatic C—H stretching vibrations are normally observed in the region of 3000-
2800cm™[37]. The asymmetric and symmetric stretching vibrations of methyl group are observed around 2980
and 2870 cm™ respectively [38-41]. The title compound has three methyl groups, their asymmetric vibrations
observed at 2936 cm™ in FT-IR spectrum and 2974, 2942 cm™ in FT-Raman spectrum. The calculated
wavenumbers at 2997 and 2942 cm™ have shown good agreement with observed bands. The symmetric
stretching mode calculated at 2899 cm™, this vibration show good correlation with observed wavenumbers at
2844cm™/FT-IR and 2838 cm™1/FT-Raman spectrum, respectively.

For methyl group, the symmetrical bending occurs near 1375 cm™ and the asymmetrical bending vibration near
1450 cm™ [42]. In the present study, asymmetric bending vibration observed at 1465, 1446 cm™ in FT-IR
spectrum and 1451 cm™ in FT-Raman spectrum, these are in line with calculated wavenumbers at 1462, 1454
and 1447 cm™. Furthermore, symmetrical bending vibration observed as a weak band at 1342 and 1328 cm™ in
FT-IR anld FT-Raman respectively, these wavenumbers show good agreement with calculated wavenumber at
1354 cm™.

C=0 and C-0 Vibration

The C=0 stretching vibrations generally expected in the region of 1715-1600 cm™, it is moderately active in
Raman and intense in IR [43]. In the present case the stretching mode of C=0 is assigned at 1740 and 1689 cm™
in FT-IR spectrum and 1733 cm™ in FT-Raman spectrum. These wavenumbers computed at 1756 and 1753 cm’
!, The deformation vibration of carbonyl group observed at 715 cm™ in FT-Raman spectrum, which shows good
accordance with theoretical wavenumber at 723 cm™.

The C-O stretching vibrations usually occur in the region 1260—-1000 cm™ [43]. Sharp bands observed at 1028,
974 and 838 cm™ in FT-IR spectrum and 1175, 1029, 865 cm™ in FT-Raman spectrum are assigned for C-O
stretching vibration. These vibrations theoretically calculated at 840, 865, 991, 1028, 1178 and 1239 cm™ and
shows good agreement with experimental wavenumbers. Deformation of C—O vibrations theoretically recorded
at 684, 900 and 1098 cm™.
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C-C and C-ClI Vibration

The carbon-carbon stretching modes of aromatic compounds generally appeared in the region of 1650-1200 cm™
! [44]. Most of the ring modes are altered by the substitution to aromatic ring. Hence, bands with variable
intensity are observed [45]. In the present investigation, the bands observed at 1621, 1588, 1505, 1129 cm* in
FT-IR and 1622 cm™ in FT-Raman are assigned to C—C stretching vibration of the DTTP molecule and the
calculated wavenumber show excellent correlation with observed value at 1616, 1577, 1484, 1423 and 1111 cm
!, The C-C—C in-plane-bending vibration theoretically predicted at 908, 772 and 546 cm™ by B3LYP method.
In pyrimidine ring, the stretching vibration of v(C—C) has been calculated at 1066 and 1098 cm™ These bands
observed in FT-IR spectrum at 1097 cm™. The experimental wavenumber is in agreement with those in the
calculated wavenumbers.

The stretching vibration for C—CI bond observed as a strong band in the region 760-505 cm™[46]. In the present
study, the C—ClI stretching band for the title compound is observed at665 cm™ in FT-IR spectrum and 648 cm™
in FT-Raman, the corresponding theoretical wavenumber shows good agreement with recorded wavenumbers
and is calculated at 659 cm™.
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Figure 7: The FT-IR Spectrum of ECMC
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Figure 8: FT-Raman spectrum of ECMC

Table 6: The experimental and theoretical vibrational assignments of ECMC along with PED distributions

Calculated wavenumber Observe;i . . d
cm™ Wavenl{r]n er Intensity Assignments
Mode (cm™)
no. FT-
Unscaled Scaled FI—IL Ram | IR R;r:n PED>10%
an
3338
1 3622 3484 W 298 | 6.08 vN29H12(99)+vN30H14(99)
2 3619 3482 3%\’14 3?/\,13 159'9 151 VN29H12(99)+vN30H14(99)
3 3229 3106 162 | 9.44 vC3H7(99)+ vC4H35(99)
4 3226 3103 0.2 4.08 vC16H17(99)+ vC16H33(100)
5 3209 3088 3080 092 | 4.78 vC3H7(99)+ vC4H35(99)
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w
6 3193 3072 3000 1 105 | 523 VC6HS(99)
7 3149 3029 532 | 1156 VC37H38(90)
8 3142 3023 657 | 132 | vC20H25(97)+ vC20H26(99)+ vC21H22(98)+ vC21H23(99)
9 3138 3018 103 | 662 VCI6H17(99)+ vC16H33(100)
10 3133 3014 459 | 7.83 VC21H22(98 )+ vC2 1 H23(99)+ vC21H24(97)
11 3115 2997 29745 | 052 | 649 | vC20H25(97)+ vC20H26(99)+ vC21H22(98) vC21H23(99)
1 3114 2996 187 | 64 VCOHI8(99)
13 3084 2067 235’5 111 | 6.16 VC10H32(99)
14 3074 2957 901 | 294 VC37H39(95)+ vC37HA0(95)
15 3074 2957 2.26 | 629 VC20H25(97) vC20H26(99)
16 3058 2042 2?;’6 23\,42 260 | 11.42 VC21H22(98)+ vC21H23(99)+ vC21H24(97)
17 3013 2899 Zg\j‘v‘“’ 2?;'8 123'7 1271 VC37H39(95)+ vC37HA0(95)
18 1825 1756 | 17405 | 7% | 100 | 348 VO3ICI1(73)
19 1822 1753 | 1689s 5%2 0.66 VO28C19(84)
20 1680 1616 | 16215 | %22 | 105 | 829 VC3C2(5 1)+ VCICA(4)H vC6C1(39) vCSC6(50)
21 1639 1577 | 1588 21 | 884 VC3C2(51 Y+ vC2C1 (51)+ vCACS(52)
22 154 s | 105 13| o0se VC2C1(51)+BHTC3C2(54)+ BHBC6C(43)
BI25C20126(33)1 PH22C2 I3 (10)
23 1530 1472 09 | 057 L Ca0rDACh 60
2 1520 1462 1435" B azs BH39C37H40(83)
25 1511 1454 M5 1 049 | 817 BH25C20H26(83)+ BH22C21H23(79)
26 1504 1447 | 1490 115 | 11.73 BH38C37HA40(TS)
27 1502 1445 1.21 9.36 BH23C21H24(80)+ I'C21H24C20H22(64)
28 1489 1432 464 | 435 TC37H39H40H33(68)
29 1479 1423 1%'3 101 VC3CA(54)+ vC6C1(39)+ BH3SCAC3(33)
30 1472 1416 756 | 259 BHI7CI6H33(72)
31 1462 1407 211 214 BHI4N30C13(56)
18.7 VN29C11(42)+ YN30C11(38)+ BHIZN29CT1(62)+
2 1452 1397 24
3 5 39 1 8 TCOCICIOHIS(61)
33 1420 1385 325 | 433 TC20H25C2 1H26(73)+ [C21H22H23H24(83)
34 1417 1363 | 1373 385 | 098 WN30C11(38)+ BHI2ZN29CT1(62)+ BN29C11031(49)
35 1407 1354 | 1921 128597 | 019 FC20H25C2 1H26(73)+ TC21H22H23H24(83)
36 1366 1314 1911 1es BH32C10C19(40)
37 1360 1308 1}3'2 0.91 VC3C2(51 4 vC2C (51 )+ vCACS(52)+ vC5C6(50)
38 1348 1207 | 1288 1 1280 ) 447 | 163 BHISCOC] (44)+ [CI10CICIIH32(56)
39 1329 1279 856 | 0.79 THI7CT6CI13C1025)+ TH33CT6CI13C10(42)
40 1319 1269 4] a2 VC3CA(54)t vO36C5(32)
a1 1304 1255 17| 145 FCOCICI0HIS(61)+ [CI10CICT9H32(56)
) 1299 1250 028 | 661 BH25C20C21(93)
VOT5C2(12)+ PHTC3C2(54)+ PH3SCACI(33)T
43 1288 1239 504 | 653 BHSCEC 1 (4%)
44 1284 1236 398'2 238 FCICICIOH18(61)
45 1254 1207 | 1205s 17 | 544 BH17CI6C13(44)+ TCI10C9C19H32(56)
46 1225 1178 15 | 198 1 1 VO27C19(41 )+ BHSC6CT(45)+ BHITCI6C13(44)
47 1217 171 431 354 VO27C19(41)+ BH32C10C19(40)+ BH17C16C13(44)
48 1214 1168 | 11565 260 | 2.94 BH30C37036(74)r PH3OC3THAO(S3)
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TC37H38036H39(69)
BH22C21C20(56)+ TC20C21027H25(92)+ T
49 1184 1139 117 | 118 o020
50 1183 1138 429 | 238 VN30CI3(27)+ BHSC6C1(45)+ BHISCOCI(44)
51 1180 1135 241 13 BH7C3C2(54)
52 1179 1134 012 | 289 BH39C37036(74)" TC37H38036H39(69)
53 1154 1111 1%N29 1‘(‘5'7 398 VC3C4(54)+ W30C13(27)+ BH3SCAC3(33)
1097 VC21C20(62)+ PH22C21C20(56)+ BC21C20027(67)+ T
54 1141 1098 " 135 | 485 Crtr o)
55 1127 1084 661 | 144 VCI6C13(15)
56 1109 1066 1%,)'4 351 WN29C9(29)+ vC10C9(22)
57 1079 1038 177'1 0.6 VC5C6(50)+ vO36C37(55)
58 1068 1028 | 1028s 1?,59 1%'1 5.76 VC10C9(22)+ vO27C20(72)
59 1050 1010 77 | 314 VC21C20(62) vO27C20(72)
60 1030 991 3‘;5 1.35 VO15C13(30)+ tH33C16C13C10(42)
61 1010 972 | 974s 013 | 181 vO27C19(41)+ vC21C20(62)F vC19C10(18)
62 971 934 937w | 2.98 | 552 VN29CT1(42)+ vN30C11(38)
63 944 908 241 | 738 VCAC5(52)+ vC5C6(50)+ BCACSCH(27)
64 936 900 031 | 128 TH7C3C2015(87)+ tH35C4C5036(52)
65 899 865 865w | 3.08 | 2.77 vO15C13(30)+ T CI0CIN29C9(16)
66 894 860 464 | 809 V027C20(72)+ T C6CI1CSH3(74)
67 885 852 6.94 | 149 T C6C1CSHB(74)
68 873 840 | 838w 260 | 852 V027C20(72)
69 848 816 186 | 063 BO27C19028(45)
70 827 796 6.96 | 143 TH7C3C2015(87)+ tH35C4C5036(82)
BH25C20C21(93)+ PH22C21C20(56)+ T
71 813 783 | 782w 017 | 022 C20C21027H25(92)+
T C21H24C20H22(64)
72 802 72 571 | 189 BC2C1Co(14)
73 782 753 760w | 848 | 13.79 BCICON29(14)+ T O31N29N30CT1(31)
74 758 730 859 | 571 VCI34C16(57) T O3IN29N30C11(81)
75 752 723 716w | 405 | 17.81 VCI34C16(57)+ T O3IN29N30C11(81)
76 728 700 0.95 | 7.97 T C3C1015C2(66)
77 711 684 2.96 | 591 VN29C11(42)+ T C3C1015C2(66)
78 685 650 | 665w | 648w | 217 | 24 VCI34C16(57)+ T 028C10027C19(26)
79 665 640 195 | 345 BN29C1IN30(16)
80 636 611 062 | 913 T 036C4C6C5(35)
81 620 596 292 | 137 BC2015C13(25)F T 036C4C6C5(35)
82 592 570 2%'8 415 T N29C9CT 1H12(55)+ tHI14N30C11N29(90)
83 567 546 431 | 311 BCSC6CI(14)
84 558 537 736 | 241 T N29C9CT 1HI12(55)+ tH14N30CT IN29(90)
85 554 533 582 | 541 I N29C9C1TH12(55)+ THI4N30C1 IN29(90)
86 546 525 456 | 558 BN29C11031(49)+ I N29C9C1THI2(55)
87 499 480 344 | 335 THI4N30CT IN29(90)
88 476 458 081 | 283 | tCACSC6CI(13)+ tC2C1C6CS(A4)t T C3C1015C2(66)
89 441 425 0.16 | 559 BCACSC6(27)+ BC3TO36C5(26)
90 418 402 138 | 141 | BN29C11031(49)+ pC21C20027(67)+ BCON29CT1(13)
o1 409 394 387w | 052 | 591 TO15C2N30C13(26)+ tC6C1CIC10(49)
92 393 378 003 | 541 | PC21C20027(67)+ tC2C1C6C5(d4)+ T C3C1015C2(66)
93 377 363 114 | 258 B027C19028(45)+ PC21C20027(67)
94 328 315 303w | 211 | 11.88 | PO27CI9028(45)+ PO27CI9CIO(14)+ BC20027C19(26)
9% 307 296 06 | 10.38 BC16CI3015(38)+ BC20027C19(26)
9% 204 282 009 | 7.73 BC37036C5(26)+ T N29C9CT1C1(17)
97 275 265 057 | 157 TH23C21C20027(73)
TH23C21C20027(73) tHA0C37036C5(75)F T
98 266 256 0.44 | 1385 AL L0
99 252 22 02 | 1325 BC16CI3015(38)+ tHA0C37036C5(75)
100 245 235 005 | 29 THA0C37036C5(75)
101 209 201 0.36 | 546 BCICI0CIO(16) BCI3CI6C34(2T)
102 191 184 186w | 046 | 717 TCON29N30C11(25)
103 181 174 0.06 | 111 BC6CICO(12)+ BCACS036(26)
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104 158 152 0.66 | 454 7C20027C19C10(67)+ <CI9CI0CI3N30(43)
TC1CIC2015(30)+ TN29CT1C13N30(27)+
105 142 137 049 | 174 ©C20027C19C10(67)
T TCI13N30015C16(28)
BCI3C16C34(27)+ tC20027C19C10(67)+
106 134 129 123w | 012 | 95 «C10CI13C16C34(71)
T TCI13N30015C16(28)
107 86 83 022 | 481 2C20027C19C10(67)
108 83 80 027 | 17.31 TC6C5036C37(69)
TC1C9C2015(30)+ TCON29N30CT1(25)+
109 78 75 70w | 01 | 66.22 TN2(9C11 SN0 (25)

v: Stretching, 3: in-plane-bending, I': out-of-plane bending, vw: very weak, w: weak, m: medium, s: strong, vs: very strong,
aScaling factor: 0.9608, "Relative IR absorption intensities normalized with highest peak absorption equal to 100,
“Relative Raman intensities calculated by Equation and normalized to 100.

Ypotential energy distribution calculated at B3LYP/6-311++G(d,p) level.

CONCLUSION

In the present investigation, a highly functionalized dihydropyrimidine ECMC was synthesised by Biginelli
condensation reaction. The structural identification of the synthesized compound is confirmed by FT-IR, FT-
Raman, UV and NMR spectral analysis. The calculated fundamental wavenumbers were compared with
experimental wavenumbers and it shows very good agreement with each other. The electronic absorption
spectra reveals that n-n* and n-n* interaction takes place in the molecule, which is confirmed by FMO
analysis.The major stabilization energy is also transferred from nonbonding orbital O,; to n*C15—O,4 resulting
207.44 kJ/mol. From the results of NLO studies, the ECMC compound has shown nonlinear optical activity,
which is nine times greater that the reference molecule Urea. Hence, the synthesized compound is a good
candidate for nonlinear optical studies.
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