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ABSTRACT

FT-Raman and FT-IR spectra were recorded for 3-pentyl-2,6-diphenylpiperidin-4-one (PDPO) sample
in solid state. The equilibrium geometries, harmonic vibrational frequencies, infrared and the Raman
scattering intensities were computed using DFT/6-31G(d,p) level. Results obtained at this level of theory
were used for a detailed interpretation of the infrared and Raman spectra, based on the total energy
distribution (TED) of the normal modes. Molecular parameters such as bond lengths, bond angles and
dihedral angles were calculated and compared with X-ray diffraction data. This comparison was good
agreement. The intra-molecular charge transfer was calculated by means of natural bond orbital analysis
(NBO). Hyperconjugative interaction energy was more during the w-7* transition. Energy gap of the
molecule was found using HOMO and LUMO calculation, hence the less band gap, which seems to be
more stable. Atomic charges of the carbon, nitrogen and oxygen were calculated using same level of
calculation.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Piperidones exhibit a wide spectrum of biological activities
and form an essential part of the molecular structures of impor-
tant drugs. Molecular geometry critically influences biological
activity. Attention has been focused on structure-activity rela-
tionships. Piperidines with crowded groups at C3 and Cs have
enhanced biological activity compared to other piperidines [1].
2,6-Disubstituted piperidin-4-ones are regarded as an impor-
tant framework and served as precursors for chiral biologically
active natural alkaloids [2]. The biological activities of piperi-
dones were found to be excellent if 2- and/or 6-positions
are occupied by aryl groups [3]. Accordingly, anti-bacterial
and anti-fungal activities of 2,6-diarylpiperidin-4-ones and their
derivatives have been explored well [4,5]. Stereochemistry
of N-benzoyl-2r,6¢c-diphenylpiperidin-4-one oxime, N-benzoyl-
3t-methyl-2r,6¢c-diphenylpiperidin-4-one oxime, N-benzoyl-3t-
ethyl-2r,6c-diphenylpiperidin-4-one oxime (3), N-acetyl-2r,6c-
diphenylpiperidin-4-one oxime and N-acetyl-3t-methyl-2r,6¢-
diphenylpiperidin-4-one oxime have been studied using 'H, 13C
and two-dimensional NMR spectra [6]. The main goal of this work
is to record, simulate and interpret the vibrational spectra for the
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title compound, which has not been presented before. We also
wanted to shed a light on the crystal and vibrational spectral data
(FT-Raman and FT-IR) with the results of theoretical calculations.

2. Experimental details
2.1. Synthesis of 3-pentyl-2,6-diphenylpiperidin 4-one (PDPO) [7]

A mixture of ammonium acetate (3.85¢g, 0.05mol), benzalde-
hyde (10.6ml, 0.1mol) and 2-octanone (6.4ml, 0.05mol) in
distilled ethanol was heated to boiling. After cooling the viscous
liquid obtained was dissolved in diethyl ether (200 ml) and was
shaken with 2 ml concentrated hydrochloric acid. The precipitated
hydrochloride of the title compound was removed by filtration and
washed with 40 ml mixture of ethanol and diethyl ether (1:1) and
then with diethyl ether to remove most of the coloured impurities
[7]. The base was liberated from an alcoholic solution by adding
aqueous ammonia and then diluted with water. It was purified by
column chromatography, using a n-hexane-ethyl acetate mixture
as the solvent. The yield of the compound was 80%.

2.2. FT-Raman and FT-IR measurement

The FT-Raman spectrum of PDPO was recorded using the
1064 nm line of Nd: YAG laser as excitation wavelength in the region
10-3500cm~! on a Bruker model RFS100/S spectrophotometer
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Fig. 1. (a)Relative energy—dihedral angle curve in C35—C39 bond. (b) Relative energy-dihedral angle curve in C5—Css bond. (c) Relative energy-dihedral angle curve in C4—C;3
bond. (d) Relative energy-dihedral angle curve in C3-Cy4 bond. (e) Relative energy-dihedral angle curve in C39-Cs4, bond. (f) Relative energy-dihedral angle curve in C4,-C47

bond.

equipped with FRA 106 FT-Raman module accessory. The spec-
tral measurements were carried out at Sree Chitra Tirunal Institute
for Medical Sciences and Technology, Poojappura, Thiruvanantha-
puram, Kerala, India. The FT-IR spectrum of this compound was
recorded in the region 400-4000 cm~! on an IFS 66 V spectropho-
tometer using the KBr pellet technique. The spectrum was recorded
at room temperature, with a scanning speed of 10 cm~! per minute
and at the spectral resolution of 2.0 cm~! in CISL Laboratory, Anna-
malai University, Tamil Nadu, India.

3. Computational details

The entire calculations were performed at DFT levels on a
Pentium 1V/3.02 GHz personal computer using Gaussian 03W [8]

program package, invoking gradient geometry optimization [8,9].
Initial geometry generated from standard geometrical parameters
was minimized without any constraint in the potential energy sur-
face at DFT level, adopting the standard 6-31G(d,p) basis set. The
optimized structural parameters were used in the vibrational fre-
quency calculations at the DFT level to characterize all stationary
points as minima. Then, vibrationaly averaged nuclear positions of
PDPO were used for harmonic vibrational frequency calculations
resulting in IR and Raman frequencies together with intensities and
Raman depolarization ratios. In this study, the DFT method (B3LYP)
was used for the computation of molecular structure, vibrational
frequencies and energies of optimized structures. The vibrational
modes were assigned on the basis of TED analysis using sQm pro-
gram [10].
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Fig. 2. Optimized molecular structure of 3-pentyl-2, 6-diphenylpiperidin-4-one.

It should be noted that Gaussian 03W package able to calculate
the Raman activity. The Raman activities were transformed into
Raman intensities using Raint program [11] by the expression:

4
—12(vo — ;)

I = 1012 (o —vi)" 1

; S (1

where [; is the Raman intensity, S is the Raman scattering activi-

ties, v; is the wavenumber of the normal modes and vy denotes the

wavenumber of the excitation laser [12].

4. Results and discussion
4.1. Conformational analysis

The chair conformer of piperidine molecule is the most stable
conformer. Therefore, we neglected other conformations that dif-
fer from the chair (boat, envelope or twist boat) because of their
high energy. Moreover, it has two possible chair conformations,
which differ in the axial (A) or equatorial (E) positions of the N-H
group [13-15]. Piperidine molecules show the equatorial form of
NH of chair conformer as the most stable. Piperidine molecule
adopts the NH equatorial position of the chair conformer. Then,
in order to reveal all possible conformations of studied molecule, a
detailed potential energy surface (PES) scan in six dihedral angles
was performed. This scan was carried out by relaxed PES scanning
calculations in all geometrical parameters by changing the torsion
angle for every 10° rotation around the bond. The shape of the
potential energy as a function of the dihedral angle is illustrated in
Fig. 1a-f. The curves between relative energy and dihedral angles
(a— Hqy1-C3-C4-Cy5 and ¢ — Hg-C4-Cy3-Cq4) are shown in Fig. 1a
and c. As seen in Fig. 1a and ¢, Hy;-C3-Cy4-Cy5 dihedral angle of
phenylringis attached with Cs is determined at 160° for B3LYP level
of theory. Hg—C4-C;3-Cq4 dihedral angle is predicted at 10°. In the
optimized structure, Hy1—C3-C4-Cy5 and Hg—C4—C;3-C4 dihedral
angles are predicted at 162.24° and 9.50°, respectively.

4.2. Molecular geometry

The optimized geometrical parameters and structure of PDPO
was calculated at 6-31G(d,p) level, are given in Table 1 and Fig. 2,
respectively. Geometrical parameters such as bond lengths, bond
angles and dihedral angles are also given along with its single
crystal X-ray diffraction data. The bond length of C;1-0sq is about
1.218 in B3LYP method. And its corresponding experimental value
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Fig. 3. Theoretical (a) and experimental (b) FT-IR spectrum of PDPO.

is 1.214A [7]. Similarly the C3-N;, and C4-Nj, bond distances
are calculated at 1.465 and 1.470 A (DFT), which are in agreement
with X-ray data. The bond distance of C-C is usually observed
as ~1.400A. In the present investigation, bond lengths of C;-Cy,
C] —C5, Cz—Cg, C3—C24, C4—C5, C4—C13 and C5—C35 are in line with
literature values. On the other hand, the bond distances (C13-Cy4,
C13-Ci5, C14-Cy6, C15-Cig, C16-Ca0, C18-Co0, Ca5-Ca7, Ca6-Cag,
Cy7-C31 and Cy9-C31) of the sixmembered rings are approximately
1.39 A/B3LYP with few exceptions. These values are in agreement
with literature values [7]. Crystal data [7] reveal that the C-H bond
distances are ~1.00 A, which is supported by the calculated val-
ues. The calculated angles 121.85° and 122.91° (DFT), are belongs
to C;—C;-05¢ and C5-C;-0s5, respectively. And their correspond-
ing literature values are 121.93° and 122.01°. These larger bond
angles are may be due to electron density in oxygen atom. The
bond angle Cy4-C13-Cy5: 118.705/B3LYP is less when comparing
with other bond angles C13—C14—C]5, C13—C15—C]8, C14—C16—C20,
C15—-C18-Cy0 and C1—Cy9—Cyg (~120°). It may be due to the phenyl
ring is attached with C4. Similar trend has been observed in the
second phenyl ring. The bond angles of C-C-H are ~109° except in
both phenyl rings (~120°) which are in agreement with literature
values [7]. The dihedral angles of title molecule were calculated,
and some of them were compared with available X-ray diffraction
data as shown in Table 1.

4.3. Vibrational assignments

Synthesized PDPO, consists 51 atoms and hence 147 normal
modes of vibrations and the molecule belongs to C; symmetry. The
fundamental vibrational wavenumbers of PDPO was calculated by
DFT(B3LYP/6-31G(d,p))is givenin Table 2. The resulting vibrational
wavenumbers for the optimized geometries, IR intensities as well
as Raman scattering activities and experimental FT-IR, FT-Raman
frequencies are also listed. Experimental and theoretical spectra
of title compound have been shown in Fig. 3 (FT-IR) and Fig. 4
(FT-Raman). The normal modes of vibration were assigned on the
basis of TED. To bring the theoretical values closer to experimental
values, we used the scale factor: 0.9608.

4.3.1. N-H vibrations

The N-H stretching vibration [13,14] appears strongly and
broadly in the region 3500-3300cm~1.Y. Erdogdu et al., assigned
VN-y mode in the region 3500-3300 cm~! [15]. In this study, the fre-
quency was observed as weak and narrow band in both FT-IR and
FT-Raman, where the frequencies are attributed to 3316cm~! and



Table 1

S. Subashchandrabose et al. / Spectrochimica Acta Part A 82 (2011) 260-269

Bond lengths, bond angles and dihedral angles of PDPO.

263

Parameters Exp.2 B3LYP/6-31G(d,p) Parameters Exp.2 B3LYP/6-31G(d,p)
Bond length (A) Angles Contd.

C1-059 1.214 1.218 C5-C1-059 122.0 1229
C3-Np2 1.469 1.465 Ci-Cy-Hg 109.0 109.3
C4-N12 1.471 1.470 Ci-Cy-H7 109.0 109.1
C-G 1.506 1.519 C3-C-Hs 109.0 108.1
Ci-GCs 1.526 1.531 C3-Cy-H7 109.0 111.1
C-C3 1.532 1.549 He-Cy-H7 109.0 109.0
C3-Cys 1514 1.518 Cy-C3-Hny 109.0 106.9
C4-Cs 1.550 1.567 Cy-C3-Ny2 107.4 107.8
C4-Cy3 1.513 1.519 Hi1-C5-Np2 109.0 111.5
C5-Css 1.531 1.534 Hi1-CG3-Cya 109.0 107.8
Ci3-Cig 1.390 1.400 Ni2-C5-Cyq 111.2 1109
Ci3-Cy5 1.393 1.402 C5-C4-Hog 109.0 106.6
C1a-Ci6 1.387 1.396 C5-C4-Ny2 109.3 108.8
Ci5-Cys 1.392 1.394 Hg-C4-Nj2 109.0 111.5
Ci6-Cao 1.392 1.395 Ho-C4-Cy3 109.0 107.7
Ci5-Cao 1.378 1.397 Ni2-C4-Cy3 108.7 109.1
Cy5-Cy7 1.391 1.396 Ci1-Cs-Hyo 107.0 106.8
Cy6-Cao 1.395 1.395 C4-Cs-Hyo 107.0 105.5
Cy7-C31 1.385 1.395 Hi10-C5-Css5 109.0 109.9
Cy9-C31 1.379 1.396 C3-N12-C4 111.7 114.3
C35-Csg 1.522 1.535 C3-Nj2-Hg 110.0 109.5
C36-C39 1.526 1.533 C4-Nq2-Hg 108.8 109.2
C39-Caqp 1.521 1.534 Ci3-Cia-Hy7 120.0 119.4
Cyp-Cyq7 1.522 1.532 C16-C14-Hy7 120.0 119.7
Cy-Hg 0.990 1.097 Cy3-Cy5-Hyg 120.0 119.0
Cy-Hy 0.990 1.092 C15-Ci5-Hig 120.0 120.3
C3-Hpy 1.000 1.107 C14-Ci6-H21 120.0 119.7
C4-Hg 1.000 1.107 C0-Ci6-H21 120.0 120.1
Cs-Hio 1.000 1.100 Ci5-Cis-Ha 120.0 119.7
Hg-Nj» 0.911 1.017 Cy0-Cis-Ha2 120.0 120.0
Cia-Hy7 0.950 1.087 C16-Ca0-Has3 120.0 120.2
Ci5-Hig 0.950 1.086 Ci5—Co-Has 120.0 120.1
Ci6-Ha21 0.950 1.086 C4-Cy5-Hag 120.0 119.4
Cis-Hao 0.950 1.086 Cy7-Cy5-Hyg 120.0 119.7
Cy0-Has 0.950 1.086 C4-Cys-Hsp 120.0 1189
C4-Cy5 1.385 1.400 C9-Cas-H3p 120.0 120.4
Cos-Cp6 1.389 1.402 Cy5-Cy7-H3 120.0 119.7
Cy5-Hog 0.950 1.087 C31-Cy7-Hs, 120.0 120.1
C6-Hso 0.950 1.085 Cy6-Ca9-H3s3 120.0 119.7
Cy7-Hsp 0.950 1.086 C31-C9-H33 120.0 120.0
Cy9-Hss 0.950 1.086 Cy7-C31-Cy9 119.7 119.6
C31-Hsg 0.950 1.086 Cy7-C31-Hs4 120.0 120.1
C35-Hsy 0.990 1.097 Cy9-C31-H3a 120.0 120.2
C35-Hsg 0.990 1.096 C5-C35-Hs7 109.0 108.8
C36—Hao 0.990 1.095 C5-C35-Hsg 109.0 108.9
C36-Hay 0.990 1.100 C36-C35-H37 109.0 109.1
C39-Has 0.990 1.100 C36-C35-H3g 109.0 108.9
C39-Haq 0.990 1.099 H37-C35-Hsg 108.0 107.0
Cap-Has 0.990 1.098 C35-C36—-Hao 109.0 109.2
Ca2-Hap 0.990 1.099 C35-C36—-Ha1 109.0 109.1
C47-Hag 0.980 1.096 C39-C36-Hao 109.0 109.4
Ca7-Hag 0.980 1.096 C36-C35-H37 109.0 109.1
C47-Hs 0.980 1.095 C36-C35-H3sg 109.0 108.9
Bond angle (°) C39—-C36-Hg1 109.0 109.0
C-C1-Cs 116.0 115.1 Ha0-C36—Hay 108.0 106.7
Ci-C-Cs 1114 110.0 C36—-C39-Has 109.0 109.4
Cy-C3-Cyg 110.8 111.7 C36—C39-Haa 109.0 109.2
C5-C4-Cy3 1123 112.8 C42-C39-Has 109.0 109.2
C1-C5-C4 109.6 107.6 Ca2-C39-Haa 109.0 109.1
C1-C5-Cs5 107.0 1124 H43-C39—Has 108.0 106.0
C4-C5-Cs35 1121 1139 C39-Cq2-Hys 109.0 109.1
C4-Cy3-Cy4 1209 120.7 C39—Ca2-Hag 109.0 109.2
C4-Cy3-Cy5 120.4 120.5 Hs5-C42-Hae 108.0 105.9
C14-C13-Ci5 109.0 118.7 Ha5-C42-Ca7 109.0 109.4
C13-C14-Cy6 120.9 120.8 Ha6-Ca2-Cy7 109.0 109.4
Ci3-Ci5-Cyg 120.8 120.6 Cap-C47-Hag 109.0 111.1
C14-Ci6-Coo 119.6 120.0 C42-C47-Hag 109.0 111.2
C15-C18-Cyo 120.3 120.2 C42-C47-Hsq 109.0 111.5
C16-C20-Cis 1199 119.6 Hag—C47-Hag 109.0 107.4
C3-C4-Cy5 119.9 120.2 Hyg-C47-Hs; 109.0 107.6
C3-Ca4-Cop 1211 120.9 H49-C47-Hs; 109.0 107.6
Co5-Cq-Co6 118.8 118.8 Dihedral (°)

C4-Cp5-Cy7 120.3 120.7 Cy-C3-Ny-C4 —66.82 —62.88
C4-Ca6-Cog 120.8 120.5 Cy4-C3-Nq3-C4 172.32 174.49
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Table 1 (Continued)

Parameters Exp.? B3LYP/6-31G(d,p) Parameters Exp.? B3LYP/6-31G(d,p)
Bond length (A) Angles Contd.
C5-C7-C31 120.8 120.0 N12-C4-C5-C4 -51.99 —54.54
Cy6—-C29-C31 120.7 120.2 N12-C4-C5-Css —178.04 —179.93
C5-C35-C36 1134 113.6 Ci3-C4-G5-C4 —-172.73 —175.84
C35-C36-C39 113.7 112.9 C13-C4-C5-Cs5 61.21 58.77
C36—C39-Cs2 112.8 1134 C13-C4-N12-C3 —-171.28 -172.35
C39-Cs2-Cy7 113.7 113.2
C2-C1-0s59 1219 121.8
C2-C1-0s59 122.0 1229
a Ref. [7].
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Fig. 4. Theoretical (a) and experimental (b) FT-Raman spectrum of PDPO.

3317 cm™! respectively. The corresponding theoretical frequency
for vy_y mode is about 3384 cm~1, which shows positive deviation
of ~68 cm~! from the experimental value. The scissoring mode of
N-C-Hisappeared at 1407 cm~! (FT-IR-strong) and 1409 cm~! (FT-
Raman-weak), while the harmonic scissoring vibration existed at
1411 cm~! (mode no. 104). These 8¢_n_y Wavenumbers are also find
support from the literature. Out-of-plane bending modes (yc_n_H)
are calculated at about 765 and 771 cm~! (mode nos. 44, 45), these
vibrations are in line with the observed FT-IR (765 cm~1) and FT-
Raman (785 cm~1) bands.

4.3.2. Methyl and methylene group vibrations

Methyl groups are generally referred to as electron donating
substituents in the aromatic ring system [16]. In acetates, the asym-
metric vibrations of the methyl group are expected to occur in the
region 2940-3040 cm~! and symmetric vibrations are in the region
2910-2930cm™!, and usually the bands are weak [17]. Aromatic
acetyl substituents absorb in a narrow range 3000-3020cm™!
absorption sometimes coincides with a CH stretching mode of the
ring [17]. The title molecule possesses methyl (CH3) and methy-
lene (CH;) groups. Methyl group symmetric stretching vibrations
are appeared at 2914cm™! as a strong intense band in FT-IR and
2913cm™! as a very weak band in FT-Raman spectrum. While
the scaled harmonic frequency 2917 cm~! (mode no: 127) with
considerable intensity is in line with experimental value. The asym-
metric of CH3 harmonic frequency 2987 cm~! (mode no: 135) is

2990cm™1).

The asymmetric and symmetric CH, stretching vibrations are
normally appear in the region 3100-2900cm~! [18]. According
to the literature [18], the observed bands 2870cm~! (weak),
2924cm™! (strong) in FT-IR and 2890cm~! (weak) FT-Raman
are in agreement with the theoretical values in the range
of 2891-2937cm~! (mode nos: 123-126, 128-130). The FT-IR
band 2956 cm~! (strong) and its corresponding theoretical value
2960cm~! (mode no: 132) are attributed Vasy CHy vibration.
The TED value shows that these vibrations are pure. In aromatic
compounds the vc_y, Bc-y and yc_y modes are appeared in the
range of 3000-3100cm~1, 1000-1300 and 750-1000 cm~1, respec-
tively [19-21]. The C-H stretching vibrations appeared at 2810,
3048-3077cm~! (mode nos: 122, 137-144). The observed fre-
quencies 2855, 3061 cm~! (FT-IR) and 2856, 3042, 3057 cm™!
(FT-Raman) are belongs to C-H stretching mode. The C-H in-plane
bending vibrations appeared in the range 1123-1170cm~! (mode
nos: 76, 79, 81) and their corresponding experimental wavenum-
bers 1118, 1145, 1155 (FT-IR) and 1129, 1156cm~! (FT-Raman)
are in consistent with computed values. The assignments also find
support from the literature [22,23].

The scissoring mode of the CH; group gives rise to a character-
istic band near 1415cm~! in IR and 1400 cm~! in Raman spectra.
The twisting, wagging and rocking vibrations appear in the region
1400-900 cm~! [24]. The broadening and intensity decreases were
observed for the bands at 1470 and 1450cm~! corresponding
to CH, scissoring modes [22]. In the present investigation, dcyo
mode appear at 1436 and 1456cm~! as medium band at FT-IR,
and their FT-Raman counter parts are 1452 and 1432cm™! as
weak bands. These experimental frequencies are in agreement with
mode nos: 106 and 111 of B3LYP. A major coincidence of theoreti-
cal values with that of experimental observation is found for wcy;
(1348:B3LYP-mode no: 100/1347 cm~': FT-IR). These assignments
find support from the literature [22]. In the case of CH, twist-
ing mode the vibrational frequencies observed at 1274, 1303 cm™!
(FT-IR) and 1304 cm~! (Raman) are in agreement with the calcu-
lated frequencies in the range of 1278-1300cm~! (mode no: 90,
92-94/DFT). The out-of-plane bending mode of C-H always lies
in the lower side of spectra. In the present study, the harmonic
wavenumbers (mode nos: 60-58, 56, 54-52, 48, 47, 43-40) in the
range of 962-706cm~! are assigned to yc.y mode, which find
support from the observed FT-IR frequencies: 912, 889, 757 and
738cm.

4.3.3. (=0, C-N, C=C vibrations

Stretching vibration of carbonyl group C=0 can be observed
as a very strong band in both FT-IR and FT-Raman spectra at
1665 cm~! [22]. The carbonyl stretching C=0 vibration [17,25] is
expected to occur in the region 1715-1680cm~!. The deviation
of the calculated wavenumbers for this mode can be attributed
to the underestimation of the large degree of m-electron delo-
calization due to conjugation of the molecule [26]. The literature
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Table 2
Vibrational wave numbers obtained for PDPO at B3LYP/6-31G(d,p).
Mode no. Computed values Experimental Intensity TEDY (>10%)
Unscaled Scaled? FT-IR FT-Raman Iir® IRaman®
1 22 21 0.06 77.4 ccee (40)
2 27 26 0.09 34.2 Cessescicz (12), Cesscescioso (12)
3 30 29 0.10 68.7 FCeascaacsniz (16), Tezscacaniz (13)
4 40 38 0.04 100 Ccracizcaniz (24), ciaciscacs (21), Teisciscaniz (16)
5 49 47 0.04 2.04 Pecce (20), Thicee (12)
6 49 47 0.00 59.9 dnee (12)
7 77 74 0.71 7.40 Cccee (13), Tecco (13)
8 80 77 0.01 1.44 dccc (18), Meece (16)
9 90 86 0.10 9.80 Bccc (19), Tecee (15)
10 113 109 109vs 0.63 4.16 lccco (14)
11 127 122 0.19 2.84 [carcarcsocss (12)
12 140 135 0.11 1.35 Cccec (14)
13 174 167 0.32 7.57 dccc (26), vee (16)
14 182 175 184w 0.45 1.05 Sca6c2ac3 (12)
15 209 201 0.25 6.28 Sccc (15), vee (14)
16 230 221 215w 0.24 7.64 Tceec (18)
17 250 240 233w 0.00 0.01 [hsicazcazcao (21), Thascazcazcso (19), Thaocazcazcso (19)
18 269 258 0.29 1.07 Sccc (24)
19 289 277 0.24 2.54 dccc (15)
20 297 285 235 2.94 dccc (19)
21 304 292 311w 0.46 2.21 Bcascaacs (12), dcascaacs (11)
22 358 344 1.73 1.24 vee (24)
23 378 363 0.16 038 dcsacseess (13), Scarcarcae (13)
24 417 401 0.09 0.07 Ccaocisciacis (14), Ceaocisciscis (13)
25 418 401 0.08 0.19 LCesicarcascaa (14), Tesicaocaseza (13)
26 441 424 436w 347w 1.48 1.64 Sccc (26)
27 469 451 466w 0.92 0.66 dcazc3ac36 (14)
28 505 485 492ms 6.99 0.57 Scaci050 (10)
29 524 503 511w 1.61 0.63 Cceee (10)
30 541 520 531m 536w 6.46 0.80 Snee (10)
31 573 551 553w 3.67 058 Scen (10)
32 613 589 1.01 0.52 dnee (10)
33 623 599 1.96 2.30 dccc (21)
34 634 609 0.02 2.28 dcaocisci4 (15), dcaociscis (15)
35 634 609 612w 618m 0.03 3.13 Sc31c20c26 (16), Bcarcascaa (14)
36 656 630 0.75 4.40 vee (13), dcee (10)
37 676 649 648w 16.1 5.74 vee (10),8¢cc (10), Thnee (10)
39 717 689 698s 11.8 0.61 Th3acsic27cas (10), Thsacsicaoczs (10)
40 734 706 6.29 0.56 Ihcen (40)
41 748 719 0.91 0.46 vee (10), Theee (10)
42 775 744 738s 16.6 0.51 hcce (26)
43 781 751 757s 7.40 0.57 ycee (25)
44 796 765 765s 171 1.65 vesct (13), Funee (10)
45 802 771 784s 6.96 0.51 Cunee (10)
46 826 794 1.86 0.33 Veisca (12)
47 863 829 0.07 1.06 Ihecc (46)
48 867 833 0.14 2.23 hcee (58)
49 870 836 0.33 0.42 vee (10)
50 900 864 857w 1.20 2.08 V42039 (25), 8]151[47542 (17), Vc47c42 (]3)
51 917 881 0.75 2.04 vesez (24), dn1acs (10), dcscon (10)
52 926 890 889w 438 2.99 vee (20), Theen (10)
53 932 896 1.19 0.85 Pizac27casm2s (10)
54 936 900 912w 1.97 0.61 hcee (10)
55 967 929 919m 0.84 1.30 vesez (14), dceen (10)
56 976 938 0.06 0.07 Chzaciscisuio (20), Mhziciecianz (19)
57 980 941 0.94 0.65 vesca (14), vesecss (14)
58 980 942 0.51 0.37 Thsaca7casmas (15), Thsscaoczemso (13)
59 1000 961 0.24 0.03 Th23caocisizz (23), Thzscaocismzr (20), Thzaciscisuio (15)
60 1002 962 1.05 0.32 Thsacsicoomss (21), Cusscaoczemso (17), Nhzacsicezmsz (16)
61 1005 966 6.19 2.52 vee (10)
62 1017 977 973w 0.70 3.29 dccc (28), vee (16)
63 1017 977 0.50 12.5 Sccc (40)
64 1033 992 986w 988m 0.43 0.64 Veazcaz (39), Vesocss (23)
65 1054 1013 1001w 1003vs 1.74 3.13 V(C36C35 (]7), Vc20C16 (12), Vc2oc18 (10)
66 1055 1014 4.86 2.07 vesicz7 (19), vesicao (18)
67 1059 1018 1.18 4.34 Veseess (25)
68 1069 1027 1028w 1030m 0.33 2.71 Vc42C39 (29), V(39036 (24), Vc47c42 (21)
69 1077 1035 3.12 1.23 Vesses (29)
70 1091 1049 1046w 2.16 1.23 Vni2ca (18)

71 1104 1061 1056w 1.01 0.29 Scai (18), vee (9), vne (10)
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Table 2 (Continued)

Mode no. Computed values Experimental Intensity TED? (>10%)
Unscaled Scaled? FT-IR FT-Raman Iig® Iraman©
72 1115 1071 1068w 1.77 0.67 Vnizca (11)
73 1130 1086 1086w 4.26 2.22 V32 (12), VN12C3 (12)
74 1144 1099 6.61 131 vee (16), Sece (11), v (10)
75 1149 1104 1110m 5.33 1.44 ni2cs (23)
76 1169 1123 4.60 1.99 Buce (13), vne (11)
77 1187 1140 1118w 1129w 0.02 1.30 Busaczicz7 (17), dusacsicae (17)
78 1187 1141 1145w 0.06 1.32 Su23c20c16 (17), dr23cocis (16)
79 1204 1156 1155w 1156w 1.26 1.45 Scen (22), vee (10)
80 1205 1158 0.46 1.56 vee (12)
81 1217 1170 20.8 1.46 vee (13), Suce (10)
82 1222 1174 0.06 5.22 Vci3ca (26)
83 1227 1179 1187m 1178m 135 4.08 Veoaes (17)
84 1242 1193 5.13 0.82 Sccn (10), ducc (11)
85 1246 1197 1209m 1203m 9.57 4.59 Bucc (13), vee (10)
86 1274 1224 1222w 1.31 0.65 Scen (13)
87 1283 1233 0.95 0.30 Succ (20)
88 1298 1247 1241w 0.21 1.15 Sccu (10)
89 1313 1261 1253w 16.7 1.08 Ve (14)
90 1330 1278 1274w 241 0.68 vee (14), Sucn (11)
91 1335 1283 134 0.69 vee (12)
92 1338 1285 10.0 4.76 Scazcaonaa (11)
93 1342 1289 213 153 dccr (18), Bpce (17)
94 1353 1300 1303s 1304m 1.60 0.69 Sc36c3snzs (10)
95 1361 1308 0.51 0.19 Veaczs (10)
96 1361 1308 0.91 0.19 veiscis (10)
97 1372 1319 7.13 1.06 Succe (21)
98 1380 1326 1332m 129 3.70 Sui1c3cz (10)
99 1387 1333 1336m 1338m 8.32 1.63 Scen (13)
100 1403 1348 1347w 2.85 0.08 Sccr (10), 8 Hee (15)
101 1414 1358 241 0.21 Suen (12)
102 1416 1360 0.49 0.42 vee (10), Brce (12), ccc (15)
103 1427 1371 1372w 0.57 0.54 dnagcaznst (17), duascarcaz (15), Suascaznao (15)
104 1468 1411 1407m 1409w 30.5 0.94 Scanizns (21), Scanizns (21)
105 1475 1417 2.20 241 Buecan7 (28)
106 1493 1434 1436m 1432w 2.95 0.68 SH37c35H38 (23)
107 1497 1439 7.59 0.22 Bu3zacsicz7 (12), dusacsicae (11)
108 1498 1439 4.66 033 Bna3caoc1s (11), nzzcaocis (10)
109 1500 1442 0.08 5.92 Bhascaonas (16)
110 1504 1445 0.27 1.02 Shascaznas (13)
111 1514 1455 1456s 1452w 2.70 291 Shascazns (28), Snaocaznst (23)
112 1517 1458 0.10 1.13 Snagcaznas (15), Sugocaenar (11)
113 1527 1467 1.58 0.19 SHascaznao (11)
114 1538 1477 7.05 0.03 vee (23)
115 1538 1478 1493m 4.49 0.30 vee (23)
116 1641 1576 1559w 0.15 0.75 veaocis (13), veaocis (11)
117 1642 1577 1585w 1586m 1.09 1.24 V31027 (13), V26024 (]0), Uc31c29 (11)
118 1661 1596 1601w 1.89 5.28 Vci6C14 (20), Vc18cis (20)
119 1662 1597 1654w 1604s 2.46 7.59 veares (20), Veagezs (20)
120 1803 1732 1715vs 1714m 100 141 Vosoci (90)
121 2923 2809 2808m 6.00 0.17 Veano (71), Vesunn (29)
122 2925 2810 2855s 2856m 40.8 3.01 vesui (71), veang (29)
123 3009 2891 2870w 2890w 3.21 2.85 V(C39H43 (46), V(C39H44 (38), V(C36H41 (10)
124 3014 2896 3.82 0.34 Veserat (70)
125 3024 2905 133 0.88 VC42H46 (44), Vc42H45 (24), VC5H10 (21)
126 3025 2907 15.2 2.36 Vesto (72), Veaznas (10)
127 3036 2917 2914s 2913w 19.5 3.90 V(C47H49 (37), Vca7H48 (33), VCa7H51 (26)
128 3039 2920 2924s 3.68 2.61 V(C39H44 (42), V(C39H43 (19), VC42H45 (23)
129 3049 2929 16.2 1.72 Vessuzz (51), Vessnss (41)
130 3057 2937 5.29 145 Veaus (82), veanz (16)
131 3061 2941 14.9 0.24 Veaznas (32), Veaznas (26), Vesonaa (15)
132 3081 2960 2956s 1.75 2.04 V(C36H40 (46) V(C35H38 (23), V35 H37 (20)
133 3101 2979 9.65 0.06 V(C35H38 (32), VC36H40 (31), V(35 H37 (20)
134 3105 2983 443 0.89 Vcazuao (43), Vcarnas (38)
135 3109 2987 2989w 2990w 229 3.03 VC47H51 (72), Vca7H48 (17), VC47H49 (]0)
136 3135 3012 3029m 6.52 2.04 vean7 (83), veans (17)
137 3172 3048 3042w 3.11 0.76 VC25H28 (68), VC27H32 (22)
138 3174 3049 2.88 0.62 VC14H17 (62), VC16H21 (24)
139 3181 3056 0.18 2.37 VC29H33 (46), VC31H34 (31 ), Vc25H28 (]7)
140 3181 3057 3057s 0.13 2.88 VC18H22 (47), VC20H23 (26), VC14H17 (]9)
141 3191 3066 3061m 9.09 3.01 VC27H32 (37), V(C29H33 (28), V(C31H34 (]5), VC25H28 (1 1)
142 3192 3067 13.6 221 veien21 (35), veisnaz (23), veaonzs (18), veiamz (13)
143 3202 3077 20.4 1.22 Veishe (33), Veierzt (25), Vezonzs (23)
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Table 2 (Continued)

Mode no. Computed values Experimental Intensity TED? (>10%)
Unscaled Scaled? FT-IR FT-Raman IiR® IRaman®
144 3203 3077 10.1 3.64 V(C27H32 (28), V(C31H34 (28), VC26H30 (25)
145 3209 3083 440 452 veishie (41), veisnaz (23), Veaonzs (20)
146 3210 3084 3084m 6.31 8.84 VC26H30 (53), VC29H33 (21 ), VC3H34 (13)
147 3522 3384 3316s 3317w 0.16 1.76 Vn12ns (100)
v: stretching, 8: bending, T: torsion, vw: very week, w: week, m: medium, s: strong, vs: very strong.
3 Scaling factor: 0.9608 [28].
b Relative absorption intensities normalized with highest peak absorption equal to 100.
¢ Relative Raman intensities calculated by Eq. (1) and normalized to 100.
d Total energy distribution calculated B3LYP 6-31G(d,p) level, TED less than 10% are not shown.
Table 3
Second order perturbation theory analysis of Fock matrix in NBO basis (PDPO).
Donor (i) ED/e Acceptor (j) ED/e E®@ (kJ/mol)? E(j)— E(i) a.ub F(i,j) (a.u.)
7* C14-Cig 0.335 19.77 0.28 0.066
™ Ci=Gis 1.656 * Cig-Cao 0332 20.59 028 0.068
m* Ci13-Cis 0.342 20.99 0.28 0.069
™Cia=Cis 1.669 7 C15-Cao 0332 19.69 0.28 0.066
m* Ci13-Cis 0.342 19.50 0.28 0.066
™ C1s=Cao 1664 7 14-Cr 0335 20.74 028 0.068
" Ca6—-Cao 0.327 19.32 0.28 0.066
™ C2a=Cas 1.659 ™ Cay—Car 0330 20.60 028 0.068
T* C4-Cas 0.347 21.53 0.28 0.070
™ C26-Ca 1.663 7 Cy7-Cay 0.330 19.92 028 0.067
T Cy—Cay 1.662 " C4-Cas 0.375 19.42 0.28 0.066
. " Ca6—Cao 0.327 20.41 0.28 0.067
0" C3-Cy4 0.029 0.57 1.09 0.022
0C3-Npp 1.979 0" C4—Ny2 0.022 0.56 1.04 0.022
0" C4—Cy3 0.030 2.2 1.09 0.044
a* C3-Ny2 0.022 0.53 1.04 0.021
0C4-Ni2 1.981 0" C3-Cyq 0.029 2.19 1.09 0.044
a* C4—Cy3 0.030 0.55 1.09 0.022
C-Cs 0.024 1.46 0.67 0.028
C3-Hpy 0.032 5.81 0.79 0.061
LPNy; 1.927 C4-Cs 0.033 1.49 0.68 0.029
C4-Hg 0.039 5.81 0.79 0.061
Ci5-Hig 0.014 0.54 0.82 0.019
-G 0.052 0.88 1.07 0.028
LPO50 (1) 1.971 Ci-GCs 0.063 2.56 1.07 0.047
C36-Hao 0.027 4.55 1.25 0.067
Ci-C 0.052 17.62 0.64 0.096
Ci-Cs 0.063 15.93 0.62 0.016
LPO(2) 1.897 C-Cs 0.024 0.51 0.62 0.016
C36-C39 0.032 0.55 0.68 0.018
C36—Hao 0.027 5.32 0.82 0.060

3 E) means energy of hyperconjucative interactions (stabilization energy).
b Energy difference between donor and acceptor i and j NBO orbitals.
€ F(i,j) is the Fock matrix element between i and j NBO orbitals.

[27] reveals that the normal esters are characterized by the strong
IR absorption due to the C=0 stretching vibration in the range
of 1750-1735cm™!. In this study, we have observed stretching
of C=0 at 1715cm™! as very strong in FT-IR and 1714cm™! as
medium intense band in FT-Raman, while the computed frequency
is 1732cm~! (mode no: 120) and its TED value (90%). The C-C
stretching in phenyl ring and methylene chain is calculated in the
range of 1035-864cm~! (mode nos: 69-64, 62, 61, 57, 55, and
52-50).These vibrations are in line with experimental values (1028,
1001, 986, 973, 889, 857: FT-IR and 1030, 1003, 988,919 cm~!: FT-
Raman) and also in consistent with literature values [22,23]. These
assignments are further supported by the TED values.

The identification of C-N vibration is a very difficult task,
since mixing of several bands are possible in this region. How-
ever, with the help of theoretical calculation (DFT), the C-N
stretching vibrations are calculated. The C-N stretching vibration
coupled with scissoring of N-H, is moderately to strongly active in
the region 1275+ 55cm~! [17]. In the present investigation C-N

stretching frequencies are observed at 1046, 1056, 1068,1086 and
1110cm! by FT-IR and their corresponding calculated wavenum-
bers appeared in the range of 1049-1104 cm~! (mode nos: 70-76).
These experimental values of C-N stretching mode show good
agreement with theoretical values. The vC-N stretching vibration
normally appears around 1300 cm~! [17].In this work the vC-N fre-
quencies are moderately lowered, which may be due to the mass
effect around nitrogen atom.

5. NBO analysis

The hyperconjugation 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 orientation. This non-covalent bonding-antibonding
interaction can be quantitatively described in terms of the NBO
analysis, which is expressed by means of the second-order
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perturbation interaction energy (E(2)) [29-32]. This energy repre-
sents the estimation of the off-diagonal NBO Fock matrix elements.
It can be deduced from the second-order perturbation approach
[33]

F(i, j)*
& — &

E?) = AE; =g; 2)
where g; is the donor orbital occupancy, ¢; and ¢; are diagonal ele-
ments (orbital energies) and F(i, j) is off diagonal NBO Fock matrix
elements. In this present study we dealt with NBO analysis. Espe-
cially the amount of energy transfer from m bond orbital to anti
bond 7* orbital, the stabilization energy E(2) associated with hyper-
conjugative interaction, LPO(2) — C;-Cy, and C;-Cs are obtained as
17.62 and 15.93 kJ/mol, respectively. The bond C;3-Cy5 with elec-
tron density 1.656e, stabilize the energy of 19.77 and 20.59 k]/mol
to its acceptor anti bonding orbitals of C;4-C;6 and C;g—Cyq, respec-
tively. These interactions are observed as an increase in electron
density (ED) in C-C antibonding orbital that weaken their bonds
[34]. This investigation clearly demonstrates that the occupancy
value of bonding orbitals make sure the hyperconjugative inter-
action with maximum stabilization between filled and unfilled
subsystem of the molecule. The ED of C14-Cy6 donor bond has
~1.669e, on the other hand its antibond ED (m* C;3-Cy5 and
C18-Ca0) posses ~0.342 and 0.332e, and their E) energies are
20.99 and 19.69 k]/mol respectively. From the NBO analysis, the
lower the ED of donor with larger the ED of acceptor have max-
imum delocalization and become strong bond interaction. The
higher the ED value with lower E(2) energy which becomes lesser
interaction and hence it shifts the vibrational frequencies from
the actual frequencies. It is evident that the C3-Ny; (1.979e) and
C4-Nj;3 (1.981e) bond stretching vibration (in the range from 1049
to 1123; mode nos. 70-76) lowers from the normal C-N bond
stretching (1300 cm~') [17]. This may be due to the lesser hyper-
conjugative interaction between C-N donor bonds to C-C acceptor
bands. The E(® values and types of the transition are shown in
Table 3.

6. HOMO-LUMO

The frontier molecular orbitals play an important role in the
electric and optical properties, as well as in UV-vis spectra
and chemical reactions [35]. The analysis of the wave func-
tion indicates that the electron absorption corresponds to the
transition from the ground to the first excited state and is
mainly described by one electron-excitation from the highest
occupied molecular orbital (HOMO) to the lowest unoccupied
orbital (LUMO) [36]. The energy gap for PDPO was calculated
using B3LYP/6-31G(d,p) level. The bioactivity and chemical activ-
ity of the molecule depends on the eigen value of HOMO, LUMO
and energy gap. LUMO as an electron acceptor represents the
ability to obtain an electron; donor represents the ability to donate
anelectron. The frontier molecular orbitals are shown in Fig. 5. From
the molecular orbital analysis the highest occupied level is 87 this
locates over the C-N-C group. And the 88 is the excited frontier
orbital (LUMO-1*), this orbital located over the C;-0s¢ and carbon
atoms in phenyl ring. The energy difference between the HOMO
and LUMO is about 5.288 eV. The frontier molecular orbital of PDPO
(HOMO-LUMO) is shown in Fig. 5.

HOMO energy = —6.169 eV
LUMO energy = —0.881 eV
Energy gap = 5.288 eV

The smaller band gap energy increases the stability of the
molecule. The charge distribution of the molecule has calculated

Energy gap (-5.288 eV)

LUMO (-0.881 eV)

Fig. 5. The frontier molecular orbital of PDPO (HOMO-LUMO).

Table 4
Atomic charge of PDPO.

Atoms Charges (a.u.) Atoms Charges (a.u.)
C 0.402 Caa 0.099
Cy -0.226 Cas -0.118
Cs -0.011 Ca6 —-0.092
Cy 0.022 Cy7 —0.088
Cs -0.119 Cao —-0.099
N1z -0.515 Cs1 -0.079
Ci3 0.060 Css -0.178
Cia -0.113 Cse -0.198
Cis -0.107 Csg -0.173
Cis —0.092 Ca -0.180
Cis —0.090 Ca7 -0.318
Cao —0.082 Os0 —0.465

using B3LYP/6-31G(d,p) level. This calculation depicts the charges
of the every atom in molecule. Distribution of positive and nega-
tive charges is the cause, to increase or decrease of bond length. The
atomic charges of carbon, nitrogen and oxygen are listed in Table 4,
in which nitrogen atom has maximum negative charge of —0.515
and —0.465 a.u., for oxygen atom. The HOMO part is located over
the N1,-C3, N13—C4 orbital, is mainly due to the lone pair of elec-
tron. Some of the carbon atoms have only positive charge about
C; (0.402), C4 (0.022), C43 (0.060) and Cyq4 (0.099 a.u.). This clearly
explains that the LUMO exist in those areas. The Mulliken charge
plot is shown in Fig. 6.
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Fig. 6. Mulliken charge plot of C, N, O in PDPO.

7. Conclusion

All possible conformers are calculated by changing the torsion
angle rotation with respect to bond. The calculated bond param-
eters are compared with reported X-ray diffraction data. All the
vibrational bands which are observed in the FT-IR and FT-Raman
spectra of the title compound are completely assigned for the first
time with the help of TED. The donor-acceptor interaction, as
obtained from NBO analysis could fairly explains the decrease of
occupancies of o bonding orbital and the increase of occupancy of
7* antibonding orbitals. The bioactivity of the molecule is proposed
by means of band gap (—5.288 eV) energy derived from HOMO and
LUMO calculation. The atomic charges of the present molecule has
been calculated and also plotted.
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