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ABSTRACT

In the present study the geometrical parameters\vémitional spectroscopic properties of the compd@—amino-
3-nitro-6-picoline (2A3N6P) have been calculatedusing Harteree-Fock and Density functional metkBdaLY P)
with 6-311++G(d,p) basis set. The calculated optieni structural parameters and the scaled frequaneie
investigated and compared with earlier reportedadathe complete vibrational assignment and analg§ithe
fundamental modes of the molecule were carried butaddition, molecular electrostatic potential ardtal
electron density has been analyzed to investigai shape, charge density distribution and sitecbemical
reactivity of the molecule. Finally the Mullikanoatic charges of the compound have been studied.
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INTRODUCTION

Pyridines and its derivatives are heterocyclic coumgls occurring naturally a large number that karigding
blocks of biologically important molecules and iongant industrial, pharmaceutical and agricultymalducts [1,2].
The chemistry and applications of pyridine compauhdve recently received much attention due to #fécacy
as synthetic intermediates and biological imporearieyridine derivatives exhibited various typesbaflogical
activities antimicrobial [3], antimalarial [4], antmorial [5,6] and antidiabatics [7]. Pyridinerdeatives act as
anesthetic agents, drugs for certain brain diseasesprodrugs for treating neuronal damage cabgestroke [9-
10]. They also underpin analgesics for acute amdnit pain, treatment for tinnitus, depression, amdn diabetic
neuropathy. The literature survey reveals thatatibnal and electronic spectra of pyridine andlgsivatives have
been investigated by many authors [11-14]. A A Dehl. evaluated structure and vibrational assigmtsof 2-
amino-3-nitro pyridine based on ab initio (MfRnd DFT calculations [15]. The harmonic frequesaf amino and
methyl substituted pyridine were calculated by mamythors and the anharmonicity was estimated by N.
Sundaraganesan et al [16].

It appears that structural and vibrational assignmef alkyl amino, nitro and methyl substitutedigines have not
been subjected to a systematic study usibgnitio and DFT calculations. The theoreticb-initio and DFT
calculations give information regarding the naturfe the electronic structure, the functional groupsbital
interactions and mixing of skeletal frequenciesc@nprehensive investigation of geometrical strigtwpectral
analysis and along with molecular electrostaticeptial surfaces of may lead to the better undedatan of
structural and spectral characteristics. Thereforghe present study theoretical analysis of ile tompound
2A3N6P have been carried out usigrinitio and DFT calculations. The main objective of thesgnt study is to
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investigate structure and vibrational frequenaiesrider to obtain a complete description of vilmadl assignments
along with normal mode analysis of the title compau

COMPUTATIONAL DETAILS

All calculations were performed at HF and B3LYPdklBsvon a Pentium IV personal computer using GangsaV

program Package [17] and Gauss-View molecular limtion program package. Initial geometry genatdtem

standard geometrical parameters was minimized withay constraint in the potential energy surfactna Hartee
- Fock level, adopting the standard 6-311G ++ Jdygsis set. This geometry was then reoptimizethaaeBecke—
Lee—Parr (B3LYP) [18-20] hybrid exchange—correlatibree-parameter functional level, using basi6s&t1++G
(d, p). The optimized structural parameters wesalus calculate the vibrational frequencies ofdcbmpound at HF
and DFT levels with same basis set to charactaketationary points as minima. As a result, thsaaled
frequencies, force constants, infrared intensiiied Raman activities are obtained. To overcomenégigence of
electron correlation we have used uniform scalagddr values 0.96 for B3LYP / 6-311++G (d,p) an890for the
HF / 6-311++G(d,p) basis set.

GEOMETRICAL PARAMETERS

The optimized molecular structure of the title noole calculated by ab-initio HF and DFT-B3LYP wi6
311++G(d,p) basis set are listed in Table (i) incadance with the atom numbering scheme shownérfith (i).
The comparisons among the HF and DFT (B3LYP) avergin order and the results shows that both lemeddict
consistent results.

Figure(i): Opimized molecular structure of 2A3N6P

Table (i): Optimized geometrical parameters of 2-arimo-3-nitro-6-picoline

Bond lengtlin (angstroms Bond angle in (degrees Dihedral angles i(degrees
HF B3LYP HF B3LYP HF B3LYP
C1-C2 1.398| 1.399 C2-C1-N6 122,79 1228 N6-C1-C2-C30.0104 0.0223
C1-N6 1.313| 1.313 C2-C1-C15 121.19 121.18 N6-N1H82-| 179.994| 179.983
2
2

C1-C15 | 1.504| 1.504 N6-C1-C15 116. 116.02 C15-ee6 | 179.971] 179.932
C2-C3 1.373] 1.373 C1-C2-C3 117.¢ 117.62  CC2-CIcN6; 0.0029 0.0139
C2-H8 1.072 | 1.07z C2-C3-C4 119.9: | 119.8¢ | C1E5-C1-N6-C5 | 179.97¢ | 179.92¢
C3-C4 1.38¢ | 1.38¢ C3-C4-C5 116.0C | 119.0¢ | N6-C1-C1E-H16 | 58.667¢ | 58.684¢
C3-H7 1.072| 1.072 C3-C4-N12 118.(¢ 117.97 C1-C2323-| 0.0044 0.0144
C4-C5 1414 1413 C5-C4-N12 123. 122.p8  C2-C3\C2- | 179.989| 180.00
C4-N12 1.44 1.441 C4-C5-N6 119.6 119.63  C7-C3-G#-N 0.0098 0.0032
C5-N6 1.333] 1.333 C4-C5-N9 125.1 1252 C3-C4-C5-N60.0158 0.0086
C5-N9 1.339] 1.339 N6-C5-N9 115.7 115.16 C3-C4-©5-C 179.953| 179.914
C9-H10 | 0.992| 0.992 C1-N6-C5 121.Q 121.01  N12-C4NB5| 179.981| 179.991
C9-C11 | 0.991] 0.993 C5-N9-H10| 116.93  116.p3  C12-64\G 0.0504 0.0858
C12-013| 1.197] 1.197 C10-N9-H1 121.52 12152 C3\I2-013| 179.911 179.87
C12-014| 1.189 1.189 C4-N12-01 118.48 118/48 CHNC2-013| 0.0861 0.123§
C15-H16| 1.085] 1.085| 0O13-N12-O1 12342 12342 CANGEKC1 0.0103 0.0018
C15-H17| 1.085] 1.085 C1-C15-H1¢ 109.56 109,56 CNBEC1 179.961| 179.917
C15-H18| 1.083] 1.083] C16-C15-H17 107.65 107)65 CHNBEC1 179.961| 179.86%
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MULLIKEN ATOMIC CHARGES
The computed of Mulliken atomic charges play an ontignt role in the application of quantum mechanica
calculations of the molecular system. The Mullikeomic charges of title molecule obtained by HF &3dLYP
method with 6-311++G(d,p) basis set are presemtddble (i) and the graphical representation of the results are
shown inFig. (ii).

Table (ii): Mulliken atomic charges of 2-amino-3-iitro-6-picoline

Atoms | HF/6-311++ G(d,p) B3LYP/6-311++G(d,p)
C1l -0.22583 -0.316886
Cc2 -0.460668 -0.175212
C3 0.187974 0.171964
C4 -0.277859 -0.088511
C5 0.44816! -0.08426!
N6 -0.29165 -0.14356!
H7 0.320555 0.268773
H8 0.215794 0.185451
N9 -0.509241 -0.323927
H10 0.343353 0.302033
H11 0.35351! 0.31650!
N12 -0.1694¢ -0.22970!
013 -0.094638 -0.058151
014 -0.070329 -0.021695
H15 0.230353 0.197199
I HF/6-311++G(d,p)
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Figure (ii): Mulliken atomic charge distributributi ons of 2-amino-3-nitro-6-picoline

As can be seen ifiable (ii) and Figure (ij)all hydrogen atoms and two carbon atoms in thg @3, C5 have a net
positive charge. It is interesting to see all tliteogen atoms (N6, N9 and N12) and two oxygen at¢@&3 and
014) have a net negative charge. The maximum negealiarges attained by C4, C15, N9 which are mored
atoms. Tendency to behave more acceptor atoms3&r€%and all hydrogen atoms which are positivélgrged.
The donor and acceptor atoms may suggest the gimputd electron distribution of each atom in tlempound.

VIBRATIONAL ANALYSIS
The maximum number of potentially active observdbledamentals of a non-linear molecule, which cimsta\

atoms, is equal to 3N-6 apart from three rotatichegrees of freedom. The molecule 2A3N6MP has béhst

191



David Pegu Der Pharma Chemica, 2016, 8 (6):189-198

which are distributed aB= 3N-6 = 48 fundamental modes of vibrations. Thdemae belongs to Jooint group
symmetry and 48 normal modes of vibrations areritligied as 35 in- plane and 13 out of plane vibreti The
detailed vibrational assignment of the fundamentaties of 2A3N6MP along with the calculated IR isignand
Raman activity and normal descriptions are repoireithe Table (iii) The comparative graph of the calculated IR
intensities and Raman activities for the title neale are presented in Figure (iii) and (iv). Som@aortant modes of
vibrations along with scaled wave nos. and obgienvanos. have been discussed as follows.

Table(iii): Vibrational wavenumbers obtained for 2-amino-3-nitro-6—picoline at HF and B3LYP using 631++ G(d,p) basis set [
harmonic frequency (cm?), IR intensities (km mol%), Raman scattering activities ( R amu™)]

HF/6-311++G(d,p) B3LYP/6-311++G(d,p)
Obs. Sym. Unsld| Scaled IR Ramgn Undld. Scaled IR amah
nos | Species | (cn) | (em™® [ intensity | activity | (cm®) | (e | intensity | activity Assignment
1 A’ 52 46 0.013 0.2981 23 22 0.110B 0.61P6 (CH3)
2 A 58 52 3817 | 02185 67 64|  1.8447  0.0348 (NO2)+¢ (fing)
3 A’ 97 86 0.006 0.1133 85 82 0.002)7 0.114%(ring) + 9CH3
4 A 218 | 194 | 3.884| 00014 203 199  0.0437  0.0044C-NH2+p(ring)
5 A’ 266 236 1.962 0.5765 249 239 1.7418 0.488RCH3+NO2
6 A" 278 243 106.2 0.723¢ 25¢ 24¢ 23.072! | 0.6897 | tNH2
7 A” 312 278 149.8 1.1919 319 306 187.225 0.4325NH2
8 A’ 362 322 6.379 0.9489 339 325 6.0993 2.417BNH2+3CH3
9 A’ 397 353 0.643 4.185] 369 354 0.1505 8.146BCCC+3CH3
10 A 458 408 2.888 1.9387 421 404 2.54p 2.839pNH2
11 A’ 468 417 0.169 0.6415 435 418 3.2491 0.793¢CH
12 A’ 60E 53¢ 8.27: 3.027¢ 561 53¢ 7.460° 2.615¢ | BNH2+s(ring
13 A’ 634 564 9.372 5.150¢ 587 564 2.202: 11.36¢ | S(ring
14 A 642 571 0.556 0.2524 619 594 1.42792 0.4552  tNH2
15 A 682 607 1.611 4.1825 634 609 1.0494 3.37168N0O2+yC-CH3+s(ring)
16 A 696 619 0.181 0.4569 653 6271 1.9984 0.0495 tNH2
17 A’ 792 70% 11.0¢ 22.742: 71F 68€ 11.439¢ | 0.327¢ | oNO2+pCH
18 A’ 81z 722 47.65 1.403: 744 714 3.157¢ | 16.28. | yC-CH3+ ring deformatio
19 A 826 735 1161 | 0.026] 745 715 4581  1.3208CNC(ring)+o(ring)
20 A’ 881 784 26.94 1.3124 810 778 25.24B9  0.667@CH
21 A 956 851 54.42 11.782H 853 814 23.8985 27.896 sROB+
22 N 1038 | 924 1581 | 54176 967 928 110161 1.7443 sRpidg)
23 A’ 1097 976 2.53 2.1176 990 95( 1.0293 0.1956CH
24 A"’ 111z 991 0.057 0.280¢ 100/ 964 0.577¢ 4.487¢ | rCH3+H3NH2
25 A’ 1154 1027 6.953 0.078 1054 1012 6.1638 0.2245C-CH3
26 A 1174 1045 72.01 6.9184 109y 1054 16.7751  3.5DGLH+CN
27 A 1214 1080 64.29 42.1996 1118 1048 44.2496  35.7/FBIH2+yCN+rNH2
28 A 1268 1129 23.03 20.956P 1184 1137 13.3704 5.9/ BEH+yYNO
29 A 1310 1166 160 9.3067 1254 1204 4.6941 114BCH+yCCH3
30 A 135¢ | 121C | 17.1€ | 3.805: | 129C | 123¢ | 463.20¢ | 140.6" | v(ring)+yCN+yNO2+wNH2
31 A 1442 | 1283 | 4022 23.3210 1348 1289 0.98p4  1.14BCH+(ring)
32 A 1530 1362 1.356 8.5164 135¢ 1303 158.133  183.58ing+sNO2+CN
33 A 1545 1375 64.4 129.5 1407 135[L 36.5011 36.67WCH3
34 A 1593 1418 273.1 103.34f7 144y 1389 128.429 11.P4NO2+0CH3+oNH2
35 A’ 1595 1420 7.698 9.149§ 1476 1417 8.32p1 9.06ICH3
36 A’ 161( 143: 305.¢ 53.061¢ | 148¢ 1427 19.309: | 4.925. | yYNO2+5CH3
37 A 1622 1444 96.41 1.8837 1489 1429 44,1458 1.848CH +yCCC
38 A 1710 1522 62.05 7.2204 1540 1478 167431  17.p#BO2+CH3
39 A 1766 1572 347.1 47.3054 159p 1531 57.7084 21.p4ARH2s
40 A 1776 1581 188 21.266} 161y 1552 182.682  41.87Zring)+sNH2
41 A 1813 1614 981.4 8.4603 1648 1582 572.315 9.9p8ZCC+sNH2
42 A 3183 2833 14.22 209.64 3038 2916 9.32B81 304.84,CH3
43 A 3246 2889 11.54 78.9536 3094 2910 6.7905 95.598,CH3
44 A 3263 2904 21.19 58.6398 312p 2996 15.2349 63.844& CH3
45 A 3366 2996 2.446 70.624p 3199 3071 3.36R9 86.4%3CH
46 A 3393 3019 2517 71.0106 322D 3091 3.19p7 83.p68CH
47 A 3841 3418 112.7 127.19 357h 3432 85.8479 18[L.9,NH2
48 A 3985 3547 123.7 23.784 3718 3570 101.454 35.p#NH2

Notes: A~ in plne, A"-out of plnez- twisting,¢ - out-of-plane bending- in-plane-bendingg- wagging, r-rockingy- stretching, s-scissoring,
yas-asymmetric stretchings-symmetric stretching;- torsion, sym.- Symmetry, unsld.-unscaled
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Figure (jii): Calculated FT-IR spectrum of 2A3N6P
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Figure (iv): Calculated FT-Raman spectrum of 2A3N6P

Methyl group vibrations: The title compound possesses only one methyl gedupe &' position with respect to
the nitrogen in the pyridine ring. For methyl sutoséd benzene derivative the €Blsymmetric stretching vibration
normally expected in the region 2900-3000'camd symmetric stretching appear between 2800-290D[28-
30].The symmetric Cklvibrations observed around 2980 tand asymmetric Civibration in the region 2870 ¢m
! for similar molecules.[31-34].

The asymmetric C-H stretching vibration in methybyp appears higher than the symmetric stretchirigg
asymmetric CH vibrations are observed at 2890(43), 2905(44H®Bf6-311++G (d,p) and2970(43), 2997(44) for
B3LYP / 6-311++G (d,p). One G3dymmetric stretching vibration observed at 2916@2B3LYP/6-311++G (d,p)
and for HF/6-311++G(d,p) this stretching vibratioloserved at 2833(42). Bellamy suggested that €xtzhgroup
gives rise to three C-Hscillations (2800-3000 ch) and three C-H deformations. The Ctérsional modes
observed at 22 (1) by B3LYP / 6-311++G(d,P) and¥éy HF /6-311++G(d,P) are below 400 tas expected .

The rocking CH vibrations at 965(24) and 1028(25) by B3LYP and a1€& well agree with the Long et al [35-36]
within the region (974-1041cm). Two CH; wagging at 1375 (33), 1418(34) at HF and 1352,(33B9 (34) at
B3LYP vibrations are observed which are also similith earlier results. In our present investigasi some in
plane C-H vibrations are also observed with ringtshing vibration. Two in-plane bending C-¢Ht 326(8),
239(5) and 237(5), 323(&@re within the range (390-260 cinin both B3LYP and HF and out- of- plane C-CH3
bending appears at 249 and 243"am both level in mode no.6. The assignments argoiod agreement obtained
for methyl substituted pyridine derivatives [37].
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C-N and C-C (ring vibrations) :

The description of the C-N stretching pyridine riagd C-C stretching bands of aromatic ring usuealtigerved in
the same frequency range 1450-1600'@nd 950- 1450 cth[38-39. The C-N stretching vibrations for aromatic
amine observed in the region 1266-1382'cnin our present study C-N and C-C stretching \ibres are varied
together which occur in the frequency region 12B82 cni. The stretching ring vibrations both CCC and CNC
appears at 1239(30), 1290(31), 1303(32) and 12}0(284(31), 1362(32) in B3LYP and HF respectivépme
out of plane ring vibrations are observed at 719,(196(4), 81(3) and one in-plane vibration at(208 in B3LYP
and similar vibrations are observed at 736(19)(49487(3) and 408(10) in HF method.

NO, Vibrations:

The vibrations of nitro groups are vibrate withosig intensity and relatively independent with refsthe molecules
[40]. The various vibration associated with nitroogps are symmetric and asymmetric stretching, lane
vibrations (scissoring and rocking), out of plankeration (wagging and twisting). The asymmetric aydhmetric
NO, stretching vibrations of the aromatic nitro compdsi gives a band in the range 1570-1485 amd 1370-1320
cm® [41] respectively. The N@stretching vibrations are observed at 1647 and 1585 for 2-amino-3-nitro
pyridine by A A Dahy et. al. and our computed resglymmetric and asymmetric MGtretching vibrations are
occurs at 1418, 1433, 1523 ( mode nos. 34, 36, &&d)1389, 1427, 1479 ( mode nos. 34, 36, 38) byahifF
B3LYP method. A very strong NGstretching vibrations are occurs at mode nosn3goth HF and B3LYP may be
due to the electronic effects of the substitutedhylegroup. The deformation vibration of N@roup (scissoring,
wagging, rocking and twisting) contributes to sevanodes in the low frequency regi¢#2]. In our present
calculation NQ twisting vibration occurs at 64 (2) ¢hiby B3LYP and at 52 (2) by HF and M@cissoring at 851,
925 at mode nos. 21 and 22 in HF and frequenci@s @ cni for B3LYP are nearly within the region 890- 835
cm® reported by C Brian Smith et 443]. In the present investigation N@agging vibrations are appears at 634
and 608 at mode nos. 15 for both B3LYP and HF iickvin C-H; are also active. The N@ocking vibrations are
active in the region 515- 590 €nj44] and in 2A3N6MP it appears at 564 trand 563 cni for HF and B3LYP
respectively. Besides stretching and deformationitod group C-NQ@ in-plane-and out-of-plane vibrations are also
observed in both HF and B3LYP within the expecegion [45]which is presented in the Table (iii).

C-H Vibrations:

The heteroaromatic substituted pyridine compourashthe presence of C-H stretching, in-plane anebbplane
bending vibrations. The titled molecules has onlg tC-H moieties give rise to two C-H stretchinprations and
these stretching vibrations are observed arouf®-3D00 crit which is their characteristics region [46]. TheHC-
in-plane vibration usually occur in the region (06IB00 crit) [47] and out-of-plane bending modes in the region
(950-600 crit) [48]. The title molecule 2A3N6MP the C-H symmetand asymmetric stretching found to be
present at scaled frequencies 3092(46) and 3072cbin case of B3LYP. At the HF level these two stnég
vibrations are observed at 3020 (46) and 2996 (A&. stretching vibration corresponds to theHz and G-Hg in
both the level of theory are in agreement with ttheoretical and experimental value in the literat{#49]. At HF
level of theory C-H in plane vibrations contamirtht@ith other modes of vibration are observed at4{34),
1284(31), 1167 (29), 1129(28) and 1045(26) and 2ttY® level these vibrations are observed at 1430(37
1290(31), 1204(29), 1054(26). The C-H in plane atlans assigned in the title molecule is founddarbthe region

in the literaturg50]. In the present investigation, in HF method the lsaaid784(20), 991(24) and at B3LYP the
bands at 951(23), 778(20) are appear as out-okpiemding C-H vibrations occur in the region (92®2m")
which are within the range found in literat(igd].

NH,, vibrations:

In our present observation two Nstretching vibrations in each B3LYP and HF methadsobserved. Asymmetric
and symmetric stretching modes are observed at 84d&8547 at HF level and at B3LYP level theseatibns are
observed at 3432 and 3569 tnThus the asymmetric vibrations are higher thansymmetric and the above NH
stretching vibrations are in agree with the literatdata [52]. In addition to the stretching vibmatNH, group has
occurred scissoring at frequencies 1553(40), 1383(B3LYP and 1572(39), 1581(40) in HF. It is fauthat the
NH, scissoring vibrations are within the range (159650) reported by Thompson [53]. The Nibcking
vibrations has been identified in the mode noswRi frequency 1069 for B3LYP and at frequency Q@38 HF at
mode no 27 are excellent agreement with predicesllts within the region 1077-1057 reported by N.
Sundaraganesan et al for 2-amino-6-methyl pyridifiee NH, wagging computed at 408, 539 ¢trfmode nos. 10
and 12) in HF and for B3LYP 404, 539 ¢nfimode nos. 10 and 12) which are nearly expectéue\i4]. Two
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torsional modes are observed at 249, 307 @mB3LYP and at 243, 279 in HF with same mode fosnd 7
respectively.

OTHER MOLECULAR PROPERTIES

Electro static potential (ESP)

Total electron density (ED)

violecular electrostatic potential [MEP)
Figure (v): Electrostatic potential (ESP), electrordensity (ED) and the molecular electrostatic poteral (MEP) map of 4F4HBP molecule

Electrostatic potential, electron density and muoliac electrostatic potential and electrostatic ptiat are useful
quantities to illustrate the charge distributiorfsnmwlecules are used to visualize variably chargegions of a
molecule. Therefore, the charge distributions daa the information about how the molecules intergith another
molecule. In the present study, electrostatic gakrelectron density (ED) and the molecular elestiatic potential
(MESP) of the molecule under investigation are toieted to predict reactive sides for electrophitind
nucleophilic attack at B3LYP/6-311++ G(d,p) methdtie electrostatic potential, total electron dgnsitrface and
the molecular electrostatic potential mapped ih® ¢onstant electron density surface are showherftg. v and
Fig. v (b). The ED plots for the title molecule sha uniform distribution. MESP helps to predict emilar shape,
size as well as reactive sites for electrophonit muncleophilic attack in terms of color gradingaofmolecule. The
different values of the electrostatic potentiatheg surface are represented by different colord. &l blue areas in
the MESP refer to the regions of positive and rieggtotentials and correspond to the electron aict electron-
poor regions, respectively, whereas the green caifgmifies the neutral electrostatic potential. Télectrostatic
potential increases in order red<orange<yellow<gbkre. The intensity of the color scheme for thESWP surface
is red, electron rich, partially negative chargeieb electron deficient, partially positive chardjght blue, slightly
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electron deficient region; yellow, slightly eleatroich region; green, neutral; respectively [35an be seen from
the MESP figures v(b), that the yellowish blob liimed more over the oxygen in the nitro group idiés negative
ESP, while the positive ESP is localized on thé¢ ofthe molecules. From the figure it is foundttttze region
around the nitro group represents the most negatitential region (red), while regions around hygno atoms
represent positive potential (blue). However, tlydrbgen atoms at the GHyroup and in the ring have smaller
value than the hydrogen in the Ngfroup.

CONCLUSION

In the present work, the molecular structure patarseof the compound 2-amino-3-nitro-6-picoline écween

obtained using HF and density functional theory poted optimized geometric parameters of the méteaere

compared and analyzed with available experimeratd.drhe vibrational frequencies of the fundamematies of
the compound have been precisely assigned andzadalgnd the theoretical results were compared eatlier

reported literature results. The calculated ME®R telectron density provides the information izes shape and
charge distribution which further lead to the ursti@nding of properties reactive side of the titlelenule.

Mulliken’s net charges have been calculated aretpnéted.
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