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ABSTRACT

In the present study, we have compared the expetatheobserved spectral data FT-IR and FT-Ramatheftitle
compound 4-(2-Keto-1-benzimidazolinyl) piperidikéP) with the spectral data obtained by DFT/B3LY&thnd
using 6-311++G(d,p) basis séH and*C NMR chemical shifts were calculated by using gaingluding atomic
orbital (GIAO) method and compared with experimédtda obtained. The electrophilic and nucleophilectivity
regions were shown using a molecular electrostatitential (MEP) map. From the frontier molecularbial
energies (HOMO-LUMO), global reactivity descriptdrave been derived. Local reactivity descriptortsas Fukui
functions were calculated to explain the reactigitg of the atoms within the molecule.

Keywords:. 4-(2-keto-1-benzimidazolinyl)piperidine, spectrogimp HOMO-LUMO and Fukui function.

INTRODUCTION

Piperidine and their derivatives play a key role pdmrmacophore in the pharmaceutically active nubées;
naturally occuring alkaloids, pharmaceuticals, abemicals and as synthetic intermediates with @stérg
biological, physical and pharmacological propeffied]. The piperidine moieties are the key strugtwomponent
of successful anti- parkinson’s drugs[5] and inngnacardiovascular drugs[6]. Therapeutically actagents
containing piperidine ring as essential part ard w@own for their analgesic, anti-inflammatory, tilepressant,
antipsychotic, antiviral, antimicrobial, agonist&nd antagonistic activities [7]. In recent yeaengity functional
theory (DFT) has become a powerful tool in the stigation of molecular structures and vibrationpédra,
especially B3LYP method has been widely used [83veral workers have investigated structural,atibnal
spectroscopic and adsorption studies of piperidigrdvatives using experimental and DFT methods12D-In the
present investigation, a detailed vibrational asiglybased on FT-IR, FT-Raman and NMR spectra oftithe
molecule is compared with the gas phase theoretiallulation data obtained by DFT/B3LYP method. The
molecular properties like global reactivity destwiis, molecular electrostatic potential surfaceehlagen calculated
to get a better insight of the properties of thie tinolecule. Local reactivity descriptors like Feiilfunctions, local
softness have been computed to predict reactivilyraactive sites on the molecule.

MATERIALSAND METHODS

Experimental details

The compound 4-(2-keto-1-benzimidazolinyl) pipem@i(KBP) was obtained from Sigma—Aldrich chemicals
U.S.A with a stated purity of greater than 98% asdd as such without further purification. The RTspectrum of
the compound was recorded in the region 4000-400oma Perkin Elmer FT-IR Spectrophotometer. The FT-
Raman spectrum was recorded in the Bruker FRASL@&trument equipped with Nd:YAG laser source afieg
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at 1064 nm line widths in the range of 3500-50cithe spectral measurements were carried out diiSmated
Analytical Instrument Facility, [IT, Chennai, India

Computational details

The entire quantum chemical calculations have Ipegformed by using DFT/B3LYP level of theory wittasdard
basis set 6-311++G(d,p) using Gaussian 09W [13jnara package, invoking gradient geometry optimazafil4].
In order to fit the theoretical wavenumbers to élxperimental, the computed harmonic frequencie® wealed by
0.981 for frequencies less than 1700camd 0.9615 for higher frequencies [15].The chehsbifts of proton and
carbon NMR were calculated with gauge includingn@toorbital (GIAO) approach [16] by applying B3LY&?/
311++G(d,p) method of the title compound and comgavith the experimental NMR spectra. The theoaglid
andC NMR chemical shift values were obtained using A0 calculation [17]. To visualize variably chad
regions of a molecule in terms of colour grading tholecular electrostatic potential (MEP) map hiaeen plotted.
The global reactivity descriptors like global haeds {), global softness (S), electronegativity), (chemical
potential (1 ) and electrophilicity indexca) have been calculated from the value of highesupied molecular
orbital (HOMO) and lowest unoccupied molecular ab{LUMO). The local reactivity has been analyzey
means of the Fukui function.

RESULTSAND DISCUSSION

Molecular geometry

The molecule under investigation consists of twasi one benzimidazolinyl (b-ring) and another pitiee (p-
ring). The geometry of the title molecule is comsatl to have C1 point group symmetry. The optiminedecular
structure along with the numbering of atoms of 4€®o-1-benzimidazolinyl) piperidine(KBP), obtaindéebm
GaussView program is shown in Fig.1. The globalimim energy obtained by the DFT/ B3LYP/6-311++G)d,p
for the optimized structure of the title compousd05.8043 a.u.

Fig.1 Optimized structure and atoms numbering of 4-(2-keto-1-benzimidazolinyl) piperidine (KBP)

Vibrational spectral analysis

The objective of the vibrational analysis is todfithe vibrational modes connected with the molacsiiaicture of
the title compound. The studied molecule consit&loatoms having 87 modes of vibration and moshefmodes
are active in both IR and Raman spectra. The caledl vibrational wavenumbers are compared with the
experimental FT-IR and FT-Raman frequencies anddig table 1. The calculated and experimental ETFT-
Raman spectra are shown in Figs. 2 and 3 resphctive
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C-H vibrations

In the present study, there are two types of C-ddles; C-H modes in the benzimidazolinyl ring (bgdiand the C-
H modes in the piperidine ring (p-ring). UsuallgetC-H bands in the aromatic rings are found tavbak due to
the decrease in the dipole moment caused by theactied of negative charge on the carbon atoms. Ché
stretching modes of the b-ring were predicted enringe 2931-2994¢The C-H stretching vibrations for the title
molecule is observed as a very strong band at 2933,and 2962cthin FT-IR and 2942, 2948,2951and 2995cm
in FT-Raman spectra. The theoretically computedemambers at 2931, 2940, 2952 and 299%ahow good
agreement with the recorded spectra and the literatata [18]. The C-H stretching vibration in {fering) of the
titte molecule are observed at 2737, 2818, 28382&6cm’ in FT-IR and 2731, 2736, 2827,2839 and 2866am
FT-Raman spectra. The theoretically calculated wamters at 2728, 2733, 2826, 2828 and 2860show good
agreement with the experimental observations. Tieeature value also supports this [19]. The C—kplame
bending vibrations generally occurs in the regi®0®-1000crt [20]. The C-H in-plane bending modes of
vibrations are assigned at 1005, 1063, 1103, 11B5) and 1365cthin the theoretically calculated value is good in
agreement with the experimental bands at 1017,10627 and 1365cthin FT-IR and 1006, 1065, 1103, 1136,
1153 and 1372cthin FT-Raman spectra. Bands involving the C-H duplane bending vibrations appear in the
range 1000—-675 c¢Mm[21]. The bands at 814,913 and 925cim FT-IR spectrum and 816, 882 and 93%4dm FT-
Raman spectrum are assigned to C-H out-of-plandibgmode of vibrations. The theoretically calcathtalues at
815, 884 and 930ctare in correlation with the experimental obseoasi

C-C vibrations

The C-C stretching modes of the pyridine are exgedn the range 1650-1100¢rwhich are not significantly
influenced by the nature of the substituents [22]the present study, the wavenumbers observed H,1322,
1451 and 1605cthin the FT-IR 1102, 1307,1459,1576 and 1604*dm FT-Raman spectra are assigned to C-C
stretching vibrations. The theoretically computedires at 1101, 1301, 1449, 1574 and 159%7show an excellent
agreement with experimental data. The very stimargl observed at 945¢nn the FT-Raman spectrum of the title
molecule have been assigned to ring-breathing titaThe theoretically predicted wavenumber at@d4 is
good agreement with the experimental observatite. theoretically predicted wavenumbers at 287,56P722cm

! are assigned to C-C out-of-plane bending vibratidthese findings are well in line with the expesittal bands
observed at 544 and 742¢nm FT-IR and 289, 563 and 725¢nin FT-Raman spectrum. The bands observed at
689cm® in both FT-IR and FT-Raman spectra have been masigo C-C in-plane bending vibrations. The
calculated wavenumber at 689¢iis excellent agreement with the experimental data.

CH, Vibrations

The high frequency stretching modes assignmentsbeamade on the basis of their relative intensipe can
expect six fundamental assignments to be assodatedch CH group. They are CHstretching (symmetric and
asymmetric), CH scissoring, CHrocking, CH wagging and CHtwisting mode of vibration. Generally the C-H
stretching vibration of methylene group are at Iofwequencies than those of aromatic C-H ring shiefg [23]. For
non-planar molecules, the asymmetric stretchingarisdnuch more intense than the symmetric stregcimade of
vibration. Generally, the CHasymmetric and symmetric stretching vibrationsnethylene group observed in the
region 3000-2900cthand 2900-2800cij24]. In the title molecule, a strong band obseraeé@852crit in FT-IR
and 2842, 2848cthin FT-Raman spectra are assigned to, @lymmetric stretching mode of vibration. The
computed values at 2847 and 2848care well agreed with the experimental observatidie CH symmetric
stretching vibrations are observed at 2797 and @838n FT-IR and 2805, 2809¢Hin FT-Raman spectra having
well agreement with the theoretically calculatedueaby B3LYP method at 2805,2807¢m The computed
wavenumber at 1466¢his well agreed with the experimental observatian$478crit in FT-IR and 1489cih FT-
Raman spectra which is assigned to,Gkissoring mode of vibration. A strong band at&S3#" in FT-Raman
spectra is assigned to gMagging. The calculated wavenumber at 1373isrwvell agreed with the observed one.
This is also supported by the literature value [23]e bands observed at 1191, 117tdmFT-IR and FT-Raman
spectra is assigned to GHwisting mode, which is in correlation with thelmsated value at 1168chirhe
experimental observations at 980trim FT-IR and 997cm in FT-Raman spectra are assigned to, @btking
mode. This is in line with the calculated valu®@gcnt.

C-N Vibrations

The C-N stretching vibration usually lies in thgign 1200 to 1400 cth[26]. The identification of this vibrations is
a task, since in this region mixing of several saark possible. In the title molecule, the bandepkesl at 1310cth

in FT-Raman spectra have been assigned to C-Nlsimgtvibration. The theoretically computed valad 302cnt

is well correlated with the experimental observagiand literature data [27]. C-N in-plane and diplane bending
mode vibration of the title molecule are assigne4acn’ in FT-IR and 563, 203 chmin FT-Raman spectra. The
calculated value at 562, 206¢ris well aligned with the experimental wavenumbesswell as the values reported
in the literature [28].
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N-H Vibrations

The N-H stretching vibrations are observed stromglihe region 3390 + 60 cf29]. The title compound contains

2 N-H attachments. One in the benzimidazolinyl rfbging) and the other in the piperidine ring{pe). In this
study, the strong band at 3392trm FT-IR and 3397cfhin FT-Raman spectra are assigned to N-H stretching
vibration in b-ring. The computed value for thination found at 3395ct The same is observed at 3256dm
FT-IR rz;l]?d 3274cmin FT-Raman spectra in p-ring. The theoreticadiicalated value for this vibration obtained at
3270cnT.

C=0 vibrations

The characteristic frequency of carbonyl group hesn extensively used to study in wide range déift classes
of compounds. A strong absorption band observaldase compounds due to C=0 stretching vibratiabserved

in the region 1750-1600 cHB0]. If a carbonyl group is part of a conjugatggtem, then the wavenumber of the
carbonyl stretching vibration decreases, the rebsarg that the double bond character of the C=dDis less due

to the n-electron conjugation being localized. For theetilompound, the C=0O stretching vibrational mode is
observed as a strong band at 1619¢mFT-IR, 1649crit in FT-Raman and the corresponding DFT calculation
give this mode at 1649 ¢iThe band observed at 610¢rm FT-IR and 588crin FT-Raman spectra are assigned
to in-plane bending modes of C=0 vibration. The patad value by B3LYP method at 589tim agreement with
the experimental observation. The out of planalbrnvibrations of C=0 is also observed at 457¢mFT-Raman
which is in agreement with the computed value a@c46'. The present assignments are in good agreememttveit
literature values [31,32].

B3LYP/6-311++G (d, p)
é o
= [ o o
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4000 3500 3000 2500 2000 1500 1000 500 0
Wavenumber (cml)
Fig.2 Observed and calculated FT-I1Rspectra of 4-(2-keto-1-benzimidazolinyl) piperidine (KBP)
B3LYP/6-311++G (d. p)
=
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Fig.3 Observed and calculated FT-Raman spectra of 4-(2-keto-1-benzimidazolinyl) piperidine (KBP)
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Tablel. Vibrational assgnments of FT-IR and FT-Raman peaks along with the theor etically computed wavenumber s of 4-(2-keto-1-
benzimidazolinyl) piperidine (KBP)

S.No IR Raman| B3LYP Vibrational Assignments
1 40 butterfly
2 69 60 t ring(b)+y ring(p)
3 81 83 t ring(b)
4 130 119 o ring(b)+y C=0
5 152 147 o ring(p)
6 203 206 v ring(b),y ring(p)+y C-N
7 226 237 p ring(p)
8 234 238 vy C-N, v ring(b)+y ring(p),
9 289 287 y ring(b)+y C-C
10 324 322 vy N-H
11 372 371 3 CH,
12 397 393 v N-H (b-ring)
13 413 402 3 CH,
14 444 443 v N-H (b-ring)
15 457 464 y C=0+y N-H
16 474 469 v N-H (p-ring)+ p CH;,

17 491 482 482 ring stretching (b-ring)p CH;,
18 522 521 519 p CH,

19 544 563 562 y C-C (b-ring)+B C-N

20 610 588 589 B C=0

21 636 637 639 ring stretching (b-ring)p CH;,
22 662 666 666 ring breathing(p-ring)# N-H
23 689 689 689 B C-C (b-ring)+y N-H

24 712 712 | y C-H (b-ring)

25 742 725 722 y C-C (b-ring)

26 731 730 y C-H (b-ring) +y C-N
27 | 756 | 755 758 | y N-H (b-ring)

28 771 762 p CH;

29 794 803 ring breathing (p-ring)

30 | 814 | 816 815 | y C-H (b-ring)
31 846 855 856 ring stretching (b-ring)
32 866 858 857 ring stretching (p-ring)
33 878 876 v C-C (p-ring)
34 913 882 884 v C-H (b-ring)
35 925 934 930 v C-H (b-ring)

36 945 944 ring breathing(b-ring)
37 980 997 992 3 C-H+p CH;
38 999 993 3 CH, (p-ring)

39 | 1017| 1006 | 1005 | g C-H
40 | 1036 | 1024 | 1020 | pCH,
41 | 1064 | 1065 | 1063 | v C-C +p C-H
42 1075 | 1074 | © CH.
43 | 1089 | 1088 | 1087 | pCH,
44 | 1110| 1102 | 1101 | v C-C (p-ring)

45 1103 | 1103 | pC-H+v C-N
46 | 1127| 1136 | 1137 | B C-H (b-ring)
47 1153 | 1150 | pC-H

48 | 1151| 1153 | 1151 | 3C-H
49 | 1191 1171 | 1168 | tCHp

50 | 1215| 1216 | 1215 | BC-H,pN-H

51 | 1257 | 1246 | 1245 |t Ch,

52 1256 | 1255 | BC-H+pN-H+vC-C
53 | 1276 1279 | 1277 | tCH,

54 | 1291 1290 | 1296 | B C-H (b-ring)

55 | 1322 1307 | 1301 |t C-H (p-ring)+v C-C

56 1310 1302 | vC-N

57 1316 | 1308 | ® C-H (p-ring)

58 1336 1333 | ® CH;

59 1341 1340 | ® C-H

60 1365 | 1372 1365 B C-H+5 CH;,

61 1378 1371 | o CH

62 1416 1411 | 8 CH,

63 1420 1415 6 CH,

64 | 1433 | 1433 1430 | 8 CH,.B N-H

65 1443 1431 | pN-H

66 | 1451 | 1459 | 1449 | B C-H (b-ring)+v C-C
67 1456 | p C-H (p-ring) +v C-C
68 1457 | p C-H (p-ring)

69 | 1478 | 1489 | 1466 | & CH, (p-ring)

70 1576 1574 | v C-C (b-ring)

71 | 1605| 1604 | 1597 | v C-C (b-ring)
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72 1619 | 1649 1649 | vC=0

73 2731 2728 | v C-H (p-ring)
74 | 2737 | 2736 2733 | vC-H (p-ring)
75 | 2797 | 2805 | 2805 | vsCH, (p-ring)
76 | 2808 | 2809 2807 | vsCH; (p-ring)
77 | 2818 | 2827 2826 | vC-H (p-ring)
78 | 2838 | 2839 | 2828 | vC-H (p-ring)
79 | 2852 | 2842 2847 | vasCH; (p-ring)
80 2848 2848 | vasCH; (p-ring)
81 | 2860| 2860 | 2860 | vC-H (p-ring)
82 | 2935 | 2942 2931 | vasC-H (b-ring)
83 2948 2940 | vasC-H (b-ring)
84 | 2947 | 2951 | 2952 | vsC-H (b-ring)
85 | 2962 | 2995 2994 | vsC-H (b-ring)
86 | 3256 | 3274 3270 | vN-H (p-ring)
87 | 3392 | 3397 | 3395 | vN-H (b-ring)
v -stretching;ps-sym. stretchingpa.sasym. stretchingf - in-plane-bendingy - out-of-plane bendingy - wagging;p - rocking; t - twistingy -
torsion; J - scissoring.

NMR analysis

NMR spectroscopy is a sensitive and versatile pitobget faster and easier molecular structuralrmédion in
solids and liquids. It has an enormous potential ifvestigating conformations and configurations oirganic
compounds [33].The isotropic chemical shifts aegjfrently used as an aid in identifying reactiveaaig as well as
ionic species [34]. The full geometry of the tilempound was performed at DFT/B3LYP/6-311++G(depkl for

a reliable calculation of it's magnetic propertiégter optimization,*H and*C NMR shielding were calculated
using the GIAO method [35] by the same level obtlye The isotropic shielding values were used towate the
isotropic chemical shift8 with respect to the tetramethylsilane (TMS). Thdéue of TMS is 31.88 and 182.46 ppm
for *H and*®C respectively. The experimental and calculdfédand'H NMR data of KBP are reported in Table 2.
The calculations reported here were performed inSQMsolution, rather than in the gas phase, usiffgREM
model. The theoretical chemical shifts have beempayed with experimental data and are found to rbe i
compliance with experimental findings. The experitaé'H and**C NMR spectra of the studied compound are
presented in Fig. 4 and 5.

There are 12 different carbon atoms for the titldeoule. Seven carbon atoms are at the b-ring lamdemaining
atoms are located in the p-ring. Aromatic carbame gignals in overlapped areas of the spectrurh thié chemical
shift value ranging from 100 to 150 ppm [36]. Thigetmolecule also falls in the range of literatutata. The
observed and computed signals of aromatic carbenmahe range of 109.28, 111.79 to 154.15, 158/6. The
chemical shift value of Cis higher than the other carbons due to the reésmnaffect of electronegative oxygen.
The chemical shift of Cand G are also in the downfield due to the de-shield#figct of the electronegative
Nitrogen atoms. The electronegative property ofgaa is higher than the nitrogen atoms causingcti@nical
shifts value @ (158.66 ppm) higher than the othey (@33.33 ppm) and £136.59 ppm). The lowest signal of the
methylene carbon atoms observed ig &d G in the p-ring.

10 a =] T B £ = 3 2

_._
=]
7
v
3

Fig 4. Experimental *"H NMR spectra of 4-(2-keto-1-benzimidazolinyl) piperidine (K BP)
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200 180 160 140 120 100 so co a0 Zo . —
Fig 5. Experimental *C NMR spectra of 4-(2-keto-1-benzimidazolinyl) piperidine (K BP)

Proton NMR

In organic molecules, the chemical shifts of aramptotons are usually observed in the range dd 708.00 ppm.
The title molecule contains 5 protons in the b-ramgl the remaining 10 protons are in the p-ring 3ignals of five
aromatic protons are observed at 6.96 to 7.29 ppfoylated at 6.96 to 8.04 ppm. The chemical siite of H8 is
larger than the other proton signals. The protonshe p-ring were observed in the range of 1.554pm,
calculated in the region of 1.59 to 5.01ppm. Thencical shift value of ki is lower than the other protons in the p-
ring may be due to the electronegative nature @fiitrogen atom. The observed and calculated \afltid and**C
NMR show good correlation with each other.

Table 2. Experimental and theoretical *H and **C isotropic chemical shift of KBP (with respect to TMS) in DM SO (all valuesarein ppm)

Atom | Experimental| Calculated Atomn Experimenial @édeed
Hs 7.29 8.04 (67 154.15 158.66
Ho 7.25 7.21 C, 129.58 136.59
Hio 6.98 7.17 C, 128.79 133.33
Hi1 6.98 7.09 Cs 120.88 125.29
His 6.96 6.96 Cy 120.71 124.42
Ha: 4.25 5.01 Cs 109.36 115.43
Has 3.76 3.55 Cs 109.28 111.79
Has 3.74 3.54 Cso 50.82 47.37
Has 3.06 297 Ca 46.28 46.37
Ha, 3.03 2.96 Co 46.28 46.28
Hao 2.49 2.24 Cis 30.55 33.18
Hao 222 2.23 Cyr 30.55 33.18
Has 1.58 1.65

Hao 4.57 1.64

Hiz 1.55 1.59

Molecular electrostatic potential (M EP)

Molecular electrostatic potential (MEP) is relatexd the electronic density and is a very useful dpsar in
understanding sites for electrophilic attack andewphilic reactions [37,38]. It is related to tatharge distribution
of the molecule providing the correlations betwdenmolecular properties such as dipole momentsiapaharges,
chemical reactivity and electronegativity of molkxsu[39]. The molecular electrostatic potential thé title
compound was computed at the B3LYP/6-311++G (deyyl of DFT and the surface is shown in Figurel be
electrophilic reactivities are visualized by redaem which indicates the negative regions of thdemale and the
positive regions of the molecule are coloured meblThe carbonyl oxygen atom ;({Dis surrounded by a greater
negative charge surface having the value of -0.0848, becoming potentially more favourable forcetzphilic
attacking site, whereas a positive potential intiticathe site for nucleophilic attack is concerdgchbn Hszatom
having the value of -0.05398a.u.
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Fig. 6 Molecular electrostatic potential map of 4-(2-keto-1-benzimidazolinyl) piperidine (KBP)

Frontier Molecular Orbital (FMO) Analysis

The electron densities of the frontier moleculdritats (FMOs) were used for predicting the mosttiea position
in t-electron systems and also explained several tgpe&sactions in conjugated system [40]. During roaler
interaction, the energy values of the highest oexlipnolecular orbital (Rowo), lowest unoccupied molecular
orbital (E.umo) and their energy gap\E) reflect the chemical reactivity of the molecuRecently, the energy gap
between HOMO and LUMO has been used to prove thachvity from intra-molecular charge transfer (ICT
[41,42]. The Fomo, ELumo and AE values of the studied compound were calculated®lyYP/6-311++G(d,p)
method and the HOMO and LUMO pictures are showrigure 7.

HOMO of KBP

LUMO of KBP
Fig. 7 Atomic orbital composition of the frontier molecular orbital for KBP

Global reactivity descriptors

The widely used global reactivity indices like, lgéd hardness)), global softness(S) , electronegatividy( and
chemical potential(p) and electrophilicity inde¥( are used to understand the global nature déentes in terms
of their stability and also it is possible to g&imowledge about the reactivity of molecules. Th&wlated global
reactivity descriptors values of KBP are tabuldtetable 3. According to the Koopman’s theorem] [@8iization
potential (I)and electron affinity (Axan be expressed as follows in terms gée, ELumo the highest occupied
molecular orbital energy, and the lowest unoccupiedecular orbital energy, respectively
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I = -Evomo 1)
A =-Eumo (2)

When the values dfandA are known, the values of the absolute electronégast, and the absolute hardness
can be determined through the following expressjdd$

I + A @)
2
Chemical hardnesg)(is obtained from the equation:
p =124 (4)
2

It measures the resistance of an atom to a cheagefér. Electronegativity and hardness have praodoe very
useful quantities in the chemical reactivity theory

The chemical potential, the negative of electronegativity) (of a system is useful for describing phase ttars,
the stratification of gases in a gravitationaldietlectric currents in semi-conductor junctiond anclear reactions
[45]. It can be obtained by the following equat[df].

- _1*A )
H 2

Compounds having greater values of chemical paeate most reactive than one with small electrahiemical
potential

The electrophilicity index«), has become a powerful tool for the study @& thactivity of organic molecules
participating in polar reactions [47]. It measutks favourable change in energy when a chemicaésysattains
saturation by addition of electrons and is caladdty the equation

2
w= P (6)
217

A good electrophile is a species characterised ligla () value and a lowr) value.

Table3. HOMO LUMO energy value and related quantum chemical parameters of KBP calculated by B3L Y P/6-311++G(d,p) method.

Parameter Energy(eV|
Enomo (eV) -5.905
Eiumo (eV) -0.639
Energy gapiE) 5.266
Dipole moment (u in Debye)  3.2683
Hardness() 2.633
Electronegativityy) 3.272
Softness 9 0.379
Electrophilicity index() 2.033
Chemical potentiaj() -3.272

Local reactivity descriptors

The Fukui function is a local reactivity descriptbat indicates the preferred regions where a obedrspecies will
change its density when the number of electronsodified [48,49]. It allows determining the pin point distribution
of the active sites on a molecule. The regions wfodecule where the Fukui function is large arendically softer
than the regions where the Fukui function is smelbwever, for studying the reactivity at the atoravel, a more
convenient way of calculating the Fukui functiorthisough the condensed forms of the Fukui functosran atom k
in a molecule which are expressed as: [48]

fi"=qgua-On  for nucleophilic attack 1)
fi = 0on- Ona for electrophilic attack )

where @, gv+1and g.; are the electronic population of the atom k intreduanionic and cationic systems.
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The local softness s, for an atom can be expreasdlle product of the condensed Fukui funcfjosid the global
softness(S) as follows [50]

st=()s 3)
s=()S (4)

The local softness as like those obtained fromctiredensed Fukui function also have the additionfmrimation
about the total molecular softness, which is relatethe global reactivity with respect to the teacagents. A high
value ofs’ indicates high nucleophilicity and a high valuesdfigh electrophilicity.

Fukui and local softness indices for nucleophilicl @lectrophilic attack of the title molecule ipogted in table 4.
It was observed that, the more reactive site falgaphilic attack takes place onstatom and the more reactive site
for electrophilic attack on Qatom.

Table4. Fukui and local softnessindicesfor nucleophilic and electrophilic attacksin KBP atoms calculated from Mulliken atomic
charges; Maximain bold

Atom No [ fi~ s S
1C 0.09196 -0.01103 0.04950 -0.00594
2 C 0.21589 -0.04641 0.11623 -0.02498
3C 0.54624 0.05173 0.29407 0.02785
4 C -1.03296 0.02090 -0.55610 0.01125
5C -1.22238 0.01408 -0.65808 0.00758
6 C -0.15452 0.06159 -0.08318 0.03316
7C -0.12648 0.00880 -0.06809 0.00473
8 H -0.32413 0.05798 -0.17449 0.03121
9 H 0.57777 0.06134 0.31104 0.03302
10 H 0.29622 0.06759 0.15947 0.03639
11 H 1.21819 0.05632 0.65582 0.03031
12 N -0.04219 0.04937 -0.02271 0.02658
13 H 0.46629 0.04649 0.25103 0.02503
14 O 0.03448 0.15008 0.01856 0.08079
15 N -0.05700 0.05824 -0.03068 0.03135
16 N -0.39256 0.00092 -0.21133 0.00049
17 H 0.49588 0.05563 0.26696 0.02994
18 C 0.13511 -0.04013 0.07274 -0.02160
19 H 0.03948 0.03833 0.02125 0.02063
20 H 0.07954 0.02487 0.04282 0.01338
21 C -0.86478 0.05246 -0.46556 0.02824
22 H 0.53562 0.04160 0.28835 0.02239
23 H 0.32298 0.01519 0.17387 0.00817
24 C -0.86403 0.00772 -0.46515 0.00415
25 H 0.32358 0.03059 0.17420 0.01647
26 H 0.53609 0.03939 0.28861 0.02121
27 C 0.13361 0.00439 0.07193 0.00236
28 H 0.079523 0.01964 0.04281 0.01057
29 H 0.039387 0.03950 0.02120 0.02126
30 C -0.546936 -0.00682 -0.29445 -0.00367
31 H 0.013751 0.02963 0.00740 0.01595

CONCLUSION

In this study, FT-IR, FT-Raman and NMR spectra -§24keto-1-benzimidazolinyl) piperidine (KBP) westudied.
The optimized molecular structure, vibrational aheictronic properties of the title compound haverbealculated
by DFT method B3LYP using 6-311++G(d,p) basis $&t observed wavenumbers are found to be in agrdeme
with the theoretically calculated values. The ekpental and calculated spectra are in good agreenidme
molecular electrostatic potential (MEP), HOMO andMO level analyses as well as global reactivityadiggors
were discussed. Fukui function also helps to idigitie electrophilic/nucleophilic nature of a sgecsite within a
molecule.
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