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Abstract: We have performed extensive theoretical calculations to investigate the structural and vibrational properties of 2-
(4bromopheynyl)-2-(4-fluropheynylamino)acetonitrile (1). The molecular geometry, harmonic vibrational frequencies and bonding
features of the molecule 1 at the ground state have been studied. The assignment of the fundamental vibrations modes have been done

on the basis of the potential energy distribution (PED).

Keywords: Alpha-aminonitrile, Vibrational Analysis, FTIR, Molecular Orbital

1. Introduction

Alpha-aminonitriles are the versatile precursors of a wide
range of pharmaceutically relevant natural and unnatural
molecules of interest; they are the key precursors of diverse
a-amino-acids finding applications in synthesizing proteins
and also as chiral building blocks in the pharmaceutical
industry. Alpha-aminonitriles constitute key parts of several
pharmaceutically important bioactive molecules such as
clopidogrel, prasugrel, saframycin A, manzacidin A-C,
ecteinascidin 743, and phtalascidin [1, 2]. Furthermore, they
are also regarded as versatile intermediates for the
preparation of 1, 2-diamines, and nitrogen or sulfur-
containing heterocycles such as imidazoles and thiadiazoles

[1].
2. Results and discussion

All quantum chemical calculations of the title compound are
carried out with Gaussian 09 suite of program [3] using the

B3LYP/6-311+G (d,p) levels of theory to predict the
molecular structure and vibrational wave numbers.

2.1 Molecular Structure and Optimized Geometry

The optimized geometry for ground state lower energy
conformer is shown in Figure 2. The selected optimized
parameters of the title compound calculated at B3LYP/6-
311+ G (d, p), are listed in the Table 1. The molecule
possesses C; symmetry. The bond length, bond angle and
dihedral angles are calculated for the equilibrium state of the
alpha-aminonitrile molecule 1.

Figure 2: Optimized structure of alpha-aminonitrile 1
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Figure 2: Cal. IR plot of the title cofnpound,

Table 1: Selected bond lengths (angstroms), bond angles (degrees) calculated at the B3LYP/+31-6G(d,p) level.

Paramester

Czlculated Parameter Calculated Parameter Czlculated
Cc1C2 1.39 C1-Cé 1.39 C1-H27 1.76
C2-C3 1.39 C2-N7 1.09 C3C4 1.3%
C3-IN3 1.09 C4-C3 1.39 C4-Cll 1.54
Ci-Ch 1.39 C3-HY 1.09 C6-H10 1.09
Cl1-H12 143 Cl11-N13 1.48 C12-N26 1.26
N13-H14 1.01 N13-Cl13 1.37 Cl13Cl6 1.39
C15.C20 1.39 C16-C17 1.39 Cl6-H21 1.09
C17-C18 1.39 Cl17-H22 1.09 C18-C19 1.39
C18-H23 1.353 C19-C20 1.39 C19-C23 1.09
C20-H24 1.09 C2-C1-C6 1200 C2-C1-C127 12000
C6-C1-C127 1200 C1-C2-C3 1200 Cl1-C2-H7 1199
C3-C2-H7 1200 C2-C3-C4 1199 C2-C3-H3 1200
C4-C3-HS 1199 C3-C4-C3 1199 C3i-C4C11 1199
Ci-C4-Cl1 1200 C4-C3-Co 1200 C4-C3-HY 12000
C6-C3-HY 1199 C1-C6-C3 1200 C1-C6-H10 1200
C3i-C6-H10 1199 C4-Cl11-C12 1178 C12-C11-N13 114.0
Cl11-N13-H14 110.8 C11-N13-C13 1309 H14-N13-C13 1182
N13-C13-Cl6 122.7 N13-C13-C20 1172 C16-C15-C20 1200

2.2 Vibrational Analysis

The selected theoretical and experimental vibrational modes
of the title molecule, calculated using B3LYP/6-311+ G(d,
p) method and their assignments using PED (Potential
Energy Distribution) are given in Table 2. The vibrational
band assignments have been done on the basis of normal co-
ordinate analysis.. The maximum number of potentially

active observable fundamentals of a nonlinear molecule
which contains N atoms is equal to (3N-6) modes of
vibrations [6, 7]. The molecule consists of 27 atoms hence
undergoes 75 normal modes of vibration. The experimental
and calculated frequencies and their assignment are
presented in Table 2.
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Table 2: Vibrational analysis of prominent modes of acetonitrile at the B3LYP/6-311++G(d,p) level

Frequency (cm-') Intensitv FTIIR

Cale, Sealed LR Freq. Assignment (=10%)

3607 3486 2866 3351w, (N12-HIZN100

3205 3093 088 3125 R[w(CT-H42) ~(CL-HIONITY]

3205 3097 1.12 - B C16-H20)(32)(C19-H23) (61)]
3202 3004 125 - B[WC17-H22)(83)]

3200 3093 1.98 - B[w(C3-H3)(33)]

3192 3083 1.03 - B[W(C16-H20) y(C19-H23) (83)]

3164 3037 5.47 - B[vC3-H4)Y37) +v(C3-HIN16)]

3162 3056 513 2938 R (CI5-HI18Y83)]

2349 21270 103 2250 R[vMN27-C2ey91)]

1634 1398 0.19 - B[v,{C3-C3)33) HH4-C3-CIN18)]
163% 1384 8.47 - B (C1-C2Y 13 Co-CTH20HTI-CE) (21]]
1632 1577 513 1625 R[wJ(C17-C13)30) +v, (C19-C16M12)]
1542 1420 8.0 130%  R[o(HA4-C3-C3)N46)]

1526 1473 189 1437 R[w(C3-C3)(16) HHI3-NI12-C2) (47)]
1517 1466 213 - B (C14-CL16)(18+HI8-C15-C1TN14)]
1435 1387 004 - B[ (C3-C3)18) +a(H-NT-CON13]]
1432 1334 1.16 - Bw(C3-C3y4T)p(H4-C3-C3)14)]

1357 1311 i - B[v, (C14-C1E) 22 o (F23-C24-N12)13) (72)]
1344 1299 1548 - B[ C1-C2y23) +a(HI-CT-C1(24)]
1326 1282 1.70 - Bla(H4-C3-C3300]

1319 1273 1.02 - R MN12-C2)18+w(H26-C25-C2TH(32)]
1314 1270 1827 - B[ M12-C2)(18) +e(HA-C3-CIN32)]
1283 1245 53.08 1242 4 (Cl4-Cl6)16) +e(H26-C25-C2TH21)
1271 1228 817 1228w (NI12-C2Y16)

1240 1198 18803 - B[ IN-H10)83) +o(H-NT7-CON14)]
1204 1164 516 - BLw(Cl-CL0)(335)]

1179 1140 13.04 - Bla(H-NT-CON14)]

1138 1100 18.23 - B[ (C21-C128)85) HH23-C10-C21)(14)]
1129 1091 10.51 - Bla(H4-C3-C3N4T)]

1101 1064 1452 - B[v, (N12-C23)(43)]

1097 1060 13.67 1097  R[v (C21-CL28)10WN12-C24)37)]
1030 993 34.41 - Ble(C-C-CL10)(83) +a(C-CT-CON14)]
1024 990 212 1017 w(N12-C23)(43]]

007 964 2.00 - w, (C24-C23)2%)

087 934 0.81 - B[t(H18-C13-C17-N21)83)]

963 930 0.41 - B[t (C-C-CLOM33) +1,(C-CT-CN14)]
032 920 0.03 - B[t (H-C-C-N10)83)]

870 841 0.72 334 R[w (CT-CON14)]

334 326 32.58 326  R[w (CT-CHN14)]

137 712 3.33 699  R[1.(C1-C2-N12-C23019)]

o] 677 36 633 R[a(C-CT-CO-Ci14)]

342 524 11.83 313 R[r,(C128-C21-C19-ClOM11)]

457 430 5.23 484 R[r(H-NT-C8-C)14)]

Abbreviations used here have following meaning: g v . asymmetric stretching, v ; symmetric stretching, o ; scissoring, p ;
rocking, T, ; out of plane torrision, 7; ; in the plane torrision, R ; carbon ring.

2.2.1 N-H vibration

The N-H stretching of the title compound is observed at
3351 cm, whereas this is calculated as 3408cm™. As
expected, this is a pure stretching mode and also evident by
its PEd, i.e. 100% . The weak band of N-H scissoring
vibration is calculated at 1607 cm™ and 537 cm* which
represent the N-H scissoring and torsion mode of vibrations,
respectively.

2.2.2 C-H vibration

The aromatic structure of the title compound 1 shows the
presence of C-H stretching vibration in the region 3077-
3040 cm™, which is also the characteristic region for the
identification of C-H stretching vibration [12, 13] and is
assigned well with the peak in the region 2847- 3065 cm™
in FTIR spectra. These vibrations are not found to be
affected due to the nature and position of the substituent.

Rocking mode of methylene vibration is calculated to be
1306 cm™.

The C-H in plane bending frequencies for the alpha-
aminonitrile appear in the range 1287-1018 cm™ and are
very useful for the characterization purpose [14]. The C-H in
plane bending vibration appear as strong bands in the FTIR
spectrum at 1192, 1130, 1128 cm™ and 1116, 1018 cm™ in
FTIR spectrum. The C-H out of plane bending vibrations are
strongly coupled vibrations occurring in the region 1000-750
cm* [15] and corresponding FTIR spectra observed at 937
cm*and 833 cm™,

2.2.3 C-C vibration

In aromatic hydrocarbon, skeletal vibrations involving
carbon-carbon stretching within ring are observed in the
region 1614-1524 cm™. The C-C aromatic stretching
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vibrations gives rise to characteristics bands in the spectral
range from 1643-1577 cm™. Therefore, the C-C stretching
vibrations of alpha-aminonitrile are found in the region
1636-1142 cm™* and in FTIR spectrum at 1509 cm™ and
1487 cm™. Most of the ring vibrational modes are affected
by the substitution in the aromatic ring of alpha-
aminonitrile. Other mode of vibrations such as scissoring
and torsion are found at lower frequencies.

2.2.4 C=N vibration

The stretching vibration of the triply-bonded groups occurs
between 2500 and 2000 cm ™. The group C=N gives rise to a
strong absorption in the 2173 cm™. The C=N stretching
vibrations in the title molecule are found at 2250 cmtin the
FTIR spectra. The in-plane and out of plane bending such as
scissoring and torsion, C=N vibrations have also been
identified at lower frequencies and presented in the
assignment table.

2.2.5 C-F vibration

The carbon-fluorine bond is a polar covalent bond between
carbon and fluorine and is a component of all the organo-
fluorine compounds. The high electro-negativity of fluorine
gives the carbon fluorine bond a significant polarity and
dipole moment. Assignments of the C-F stretching modes
are very difficult as these vibrations are strongly coupled
with the other in-plane bending vibrations of several modes.
Normally the observed bands of the C-F stretching
vibrations have been found in the range 1016-1235 cm for
several fluoro-benzenes. The C-F stretching modes are
observed at 1008 and 1278 cm™in the case of the alpha-
aminonitrile 1.

2.3 HOMO-LUMO surfaces analysis

The frontier molecular orbital, highest occupied molecular
orbitals (HOMOs) and lowest molecular orbitals (LUMOSs)
offer a reasonable qualitative prediction of the excitation
properties and the ability of electron transport [16, 17]. The
HOMO primarily acts as an electron donor and LUMO acts
as an electron acceptor and are the main orbital which takes
part in chemical stability [18]. The frontier molecular orbital
gap has been used as a measure for the bioactivity, since the
intra-molecular charge transfer determining the bioactivity
depends on this energy gap. The HOMO and LUMO plots of
title compound are shown in Figure 4.

LUMO
-1.461 eV

3.981 eV

HOMO
-5.442 eV

Figure 4: HOMO-LUMO Plot of the alpha-aminonitrile

The energies of HOMO and LUMO of title compound are
calculated by using B3LYP/6-311++G (d, p) Method. The
LUMO of title compound is delocalized over whole ring
system whereas the HOMO is contributed by some molecule
except fluorine attached rings. The energy gap between
frontier molecular orbital of title compound is 3.98 eV.

2.4 Molecular Electrostatic Potential Surface Analysis

The potential applications of the molecular electrostatic
potential (MESP) for the interpretation and prediction of
chemical reactivity have been recognized. Such as the study
of biological interactions, analysis of the molecular
similarity, description of the crystalline state, salvation
phenomena, and the topographical analysis of the electronic
structure of complex molecule. The electrostatic potential
sites close to the polar group is influenced by the stereo
structure and the charge density distribution. Positive
potential region in the studied molecules are found around
the hydrogen atom of the amide group which can be
considered as possible sites for nucleophilic attack. The
regions close to the other polar atom chlorine are of almost
zero electrostatic potential. The molecular electrostatic
potential (MESP) is related to the electron density and is a
very useful to understanding sites for electrophilic (negative
region) and nucleophilic (positive region) reactions [17, 18].
MESP is also well suited for analyzing process based on the
“recognition” of one molecule by another , as in drug
receptor, and enzyme-substrate interactions, because it is
through this interaction that the two entities first feel each
other [19, 20]. To predict reactive sites for electrophilic and
nucleophilic attack, for the investigated molecule, MESP is
calculated at the B3LYP/6-311++G (d, p) and shown in
Figure 5. The different values of the electrostatic potential
at the surface are represented by different colors and
potential increases in the order
red<orange<yellow<green<blue. The color code of these
maps is in range between —0.04315 a.u. and 0.04315 a.u. in
the title compound, where blue indicates the most
electropositive i.e. electron poor region and red indicates the
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most electronegative region i.e. electron rich region. From
the MESP it is evident that the most electropaositive region is
located over nitrogen bonded with hydrogen, which
effectively ,acts as electron poor and most electronegative
region is located over nitrogen, triple bonded with carbon
which is electron rich region.

Figure 5: Molecular Electrostatic Potential Surface of the
alpha-aminonitrile

3. Conclusions

In the present work, with the help of DFT calculations we
have calculated the geometrical parameters, vibrational
frequencies, HOMO-LUMO and MESP surfaces of a
synthetic alpha-aminonitrile compound, 2-(4bromopheynyl)-
2-(4-fluropheynylamino) acetonitrile (1).
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