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ABSTRACT

Indanol is most stable molecule it's stabilized ibternal hydrogen bonding, which exists between Higroxyl
hydrogen and the—cloud of the benzene ring. A comprehensive aloinélculation using the DFT/ 6-31+G (d)
level theory showed that 2-bromol-Indanol can ekiskeight possible conformations, which can intenche
through the OH group on the five-membered ring. $itgrfunctional theory calculations were used tedict the
vibrational frequencies and to help in normal me@dsignments. The spectral intensities indicate, #i290°C, 82%
of the molecules exist in its most stable form i intramolecular hydrogen bonding. Furthermoaenatural
bond orbitial analysis was performed describing ledaydrogen bond as donor-accepter interaction. Fbarier
transform infrared spectra (4000—400 ¢jnand the Fourier transform Raman spectra (3500—&00) of the title
molecule in the solid space have been recorded. cBimilated HOMO and LUMO energies show that charge
transfer occurs within the molecule. The calculaie8P contour map shows the electrophilic and nuyatidic
region of the molecule.

Keywords: 2-bromol-indanol, FT-IR, FT-Raman, DFT, HF, Thedynamic function.

INTRODUCTION

1-Indanone may be considered as the central nudéws vast set of compounds with a wide assortnuént
biomedical applications [1]. Of these, indandiotansl out due to the increasing demand for opticallye

compounds with biological activity [2]. Also, a atively new application of 1-indanone derivativeselated to the
treatment of HIV infection as an important new sladf protease inhibitors. In particular, indinagiulphate

(CRIXIVAN Merck and Co., Inc.) contains five chiregéntres’ that must be of a specific orientationtfie molecule
to have the desired therapeutic effect. The kegrinédiate in the synthesis of CRIXIVAN is cis-(2R) - 1-

amino-2-indanol [(-)-CA1)], an indene derivativaticontributes two chiral centres to indinavir $ate [3].

The detailed vibrational analyses for 1l-indanoneewgiven by Bardegtal [4] made use of IR and Raman in the
region of 4000 -100 cmrecorded in solution and assuming Cs point graupnsetry. The practical application of
vibrational spectroscopy is the combined use ofegrpental techniques and theoretical calculatianadhieve a
reliable vibrational assignment. Ab initio and DFRlculations have greatly enhanced the accuracyhisf
methodology not only by predicting the vibratiomalvenumbers, but also their intensities.
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In the present paper, we turn our attention todvm-1-Indanol, which is special interest due tgissibility of
intramalecular hydrogen bonding between the OH giamd the benzene ring.

The scaled quantum mechanical force field [SQM]hodblogy [5-8] was applied along with a refinemehthe
scale factors in order to fit the experiment fraggies of 2-bromo 1-indanol with the harmonic freggies. Our aim
in the present work is a thorough analysis of titermolecular interactions and how it is affect thierational
spectra. The natural bond orbital analysis (NBQgudations are useful to confirm the charge tranpfeperties of
the title molecule. The molecule Electrostatic ptisd map shows various sites for electrophilicd aucleophilic
region.

EXPERIMENTAL SECTION

Experimental
The pure solid sample of 2Bl was obtained from lzsmter Chemical Company, UK, and used for the splectr
measurements without further purification. Themomperature Fourier transform infra red spectadiirthe title

compound was measured in the region 4000-408 atma resolution oftl cm? , using a BRUKER IFS 66V FT-IR
Spectrometer, equipped with an MCT detector, a B&am splitter and a globar source. The FT- Rarpantgim

was recorded on the same instrument with FRA 10®dRaaccessories in the region 3500-100".cfthe 1064nm
Nd:YAG Laser was used as excitation source, and.élser power was set to 200mW.

Computational method

Quantum chemical calculation were used for 2Blaoycout the optimized geometry and vibrational emymbers
with the Gaussian 09W program [9] using the B3LY &F functional [10, 11] supplemented with staddés
31+G (d) basis set. For the plots of simulated & Raman spectra pure Lorentz an band shapes wedewith a
band width (FWHW) of 10 cil. The vibrational modes were assigned by meanssafvinspection using GAUSS
VIEW program [12], the analysis for the vibratiomabdes of 2Bl is presented in some detail in otdebetter
describe the basis for the assignments, from thasie theory of Raman scattering. Raman activigscalculated
by Gaussian 09w program has been converted tiveeRaman intensitied;J using the following relationship

f(Uo_Ui)43

e

whereu, is the exciting wavenumber (€hunits); is the vibrational wavenumber of tH&normal modeh, candk
are universal constant ahd a suitably chosen common normalization factorafbpeak intensities.

Natural bond orbital analysis(NBO) was also perfedrby the Gaussian 09W program at the B3LYP lefsgienry
analysis transforms the canonical delocalized daffrork (HF) Molecular orbital’'s (MO) in to locatid MOs that
are closely tied to chemical bonding concepts. Phacess involves sequential transformation of aghegonal
Atomic obital’'s (AOs) to the sets of Natural atomitital’s (NAOs), Natural hybrid orbital’s (NHOd)atural bond
orbital's (NBOs). The localized basis sets are detey describes the wave functions in the mostneatc
method, as electron density and other propertisate described by the minimum amount of filledd#Bdescribe
the hypothetical, strictly localized Lewis stru@ufThe interaction between filled and anti-bondfog Rydberg)
orbital's represent the deviation of the molecutenf the Lewis structure and be used as the measfure
delocalization. This non-covalent bonding anti-biogdcharge transfer interactions can be quantégtidescribed
in terms of the second order perturbation inteoacéinergy (E?) [13-16]. This energy represents the estimat&ef t
off-diagonal NBO Fock matrix elements. It can beluteed from the second-order perturbation approa@h ds
follows

. - 2
E(Z)AEij =q F(l,j)
SJ- - &

whereg is thei™ donor orbital occupancy,, ¢ the diagonal elements (orbital energies) Br{d j) the off-diagonal
NBO Fock matrix element.
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RESULTS AND DISCUSSION

Structural description
In order to find the most optimized geometry, thergies were carried out for 2BI, using B3LYP/6-&Lfd) and

HF/6-31+G (d) methods and basis set for varioussiptes conformers. The computationally predictediows

possible conformers are shown in Fig.1. The tatergies obtained for these conformers were ligteTiable 1. It
is clear from the Tablel, the structure optimizagibave shown that the conformer of Fig. 1 (C5ehaoduced the
global minimum energy. The optimized molecular ciuoe with the numbering of atoms of the title campd is

shown in Fig. 2. The most optimized structural pseters were also calculated by B3LYP and HF wasctipin

Table 2. The optimized geometrical parameters wesexd to compute the vibrational frequencies of stable

conformer (C5) of 2Bl at the B3LYP/and HF leveltbé&ory

For this purpose, the full sets of standard inteowerdinates (containing-redundancies) are defiagdyiven in
Table 3. From these a non-redundant set of logaingetry coordinates was constructed by suitablealin
combination of internal coordinates following thecommendations of Fogarasi and Pulay [18] and trey
presented in Table 4. The theoretically calculdimate field was transformed to this later set dfrational
coordinates and was used in all subsequent calmosat

Table 1 Total energies of different conformations b2-bromo 1-Indanol calculated at the HF/ 6—-31+G (dand B3LYP / 6—-31+G (d) level

of theory
Sno Total energy Energy difference
HF/6-31+G (d)  B3LYP/6-31+G (d) HF/6-31+G (d) Ba¥ 6-31+G (d)
1 —2990.58646566  —2995.11823727 0.1600202 0.1381012
2 —2990.58131780  —2995.11271829 0.16516808 0.123620
3 —2990.6067111  -2995.134342¢ 0.139774 0.1219956
4 —2990.60385114  —2995. 13123868 0.14263472 0.12509985
5 —2990.74648586* —2995.25633853* 0 0
6 —2990.7431252z  -2995.2521514 0.0033606 0.0041870¢
7 —2990.72361409 —2995.23675992 0.02287177 0.01957861
8 —2990.72667054 —2995.23746951 0.01981532 0.01886902
*Global minimum energy
Table 2 Definition of internal co-ordinates of 2-lbomo 1-Indanol
Snc Symbo Type Definition
1-10 R CcC C1-C2, C2C3, C9-C3, C9-C4, C4-C5, C5-C6, C6-C7, C#+C8, C8-C9, C8-C1
11-18 T CH C1-H10, C2-H14, C3-H15, C3-H16, C4-H17, C5-H18, C6-H19, C+H20
19 P CcoO C1-011
20 Q CBr C2-Br13
21 S OH O11-H12
22-30 B bCC C1-C2-C3, C2-C3-C9, C9-C3-C4, C3-C4-C5, C4-C5-C6, C5-C6-C7, C+C8-C9, C+C8-C1, C9-C3-C2,
31-46 a bCH C9-C1-H10,C2-C1-H10,C7-C6-H19,C8-C7-H19,C1-C2-HRt42—H14,C9-C3-H15,C2-C3-H15,C9-C3—
H16,C2-C3-H16,C9-C5-H17,C5-C4-H17, C6—C5-H18,C4HT8;£6—-C7-H20,C8-C7-H20
47-48 o bCO C8-C1-011,C2-C1-011
49-50 p bCBr C1-C2-Br13, C3—-C2-Br13
51 n bCOH C1-011-H12
52 yon bHOH H10-011-H12
53 HCBr H14-C2-Brl3
54 Ring C1-C2-C3-C9,C2—-C3-C9-C4,C9-C3-C4-C5,C3-C4-C5-C6%=46—C7,C5-C6-C7-C8,C7-C8-C9-C4,C7-C8—
C1-C2,C8-C1-C2-C3
63-70 wCH C8-C1-C2-H14,C1-C2-C3-H15,C1-C2-C3-H16,C1-C8-C7&32C9-C4-H17,C4-C9-C3-H16,C4-C5-C6—
H19,C8-C7-C6-H19
71 ®CO C9-C8-C1-011
72,73 ®OH C8-C1-011-H12, C2-C1-011-H12
74 ®Br C1-C2-C3-Br13
75 oHCOH H1C-C1-0O11-H12
76 oHCH H10-C1-C2-H14
77 oHCBr  H10-C1-C2-Br13
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c5 6 c7 c8

Fig 1 Various possible conformers of 2-bromo-1-indaol
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Fig 2 Optimized molecular structure of 2-bromo-1-irdanol

Potential energy distribution

To check whether the chosen set of symmetric coatd$ contribute maximum to the potential energpeiated
with the molecule, the PED has been carried oue Vibrational problem was set-up in terms of inarand

symmetry coordinates. The geometrical parametetbeoimolecule were allowed to relax and all thedations

converged to an optimized geometry which correspdnda true minimum, as revealed by the lack ofgimary

values in the wavenumber calculations. The Camtesepresentation of the theoretical force constaave been
computed at the fully optimized geometry by assgn@s point group symmetry.

Table 3 Definition of local symmetry co-ordinate®f 2-bromo 1-Indanol

Snc Symbo Definition
1-10 cC R1, R2, R3, R4, R5, R6, R7, R8, R9, |
11-18 CH t11, t12, t13, t14, 15, t16, t17, t18
19 co P19
20 CBr Q2C
21 OH s21
22-24 bcc f22-$23+424-p25+326-H27+p28-$29+330)/ V6
Bsym (-B22-B23+B24-B25-26+2P27-28-$29+2330) /\12
pasym (22-p23+p25-$26+428-$29)/ 2
2532 bCH (631-632) /\2, (633-034) /N2, (635-636) /N2, (637-638) /Y2, (639-640) /2, (641-642) IN2, (c643-044) /N2, (c45—
) 646) N2
33 bCco 047-048) N2
34 bCBr 049-p50) /N2
35 bCOH A51
36 bHOH 052
37 bHBr 053
38-40 tRing (054-055+056-057+058-059+060-061+162)/ V6
tRing sym  (©54-055+2n56-057-586+259-060-061+062) /Y12
tRing (054-055+057-058+060-061)/ 2
asym
41-48 oCH 163,164,165,166,167,168,169,170
49 ©CO 071
50 »COH (@72=73) N2
51 »CBr w74
52 oHOH o75
53 oHBr 076
54 oHCH 077
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The symmetry of the molecule was also helpful irkimg vibrational assignment. The transformatiorfias€e field,
subsequent normal coordinate analysis and calonlati the PED were done on a PC with the MOLVIBgreon
(version V7.0-G77) written by Tom Sundius [19, 20].

Vibrational analysis

The molecule 2Bl belongs to C1 point group symmeffyie 54 normal modes of vibrations of 2Bl areribsited
among the symmetry specieslagh = 37A'+17A". The A' and A" represent the inypéaand out-plane vibrations,
respectively. All vibrations are active both iretimfrared absorption and Raman scattering. Thamilesed IR and
Raman intensities and normal mode descriptionseguerted in Table 5. The FT-IR and FT-Raman spexft2BI at
are shown in Fig. 3 and 4, respectively.

Table 4 Optimized geometrical parameters of 2-bnmo 1-Indanol calculated at the HF / 6-31+G (d) an83LYP / 6-31+G (d) levels of
theory

Bondlength Parameter Bondangle
HF  B3LYP HF B3LYP
Cl-C2 1.53 1.54 C2-C1-C3 103.90 104.02
Cl1-C¢ 1.5 1.5¢ C2-C1-011 113.87  114.1¢
Cl-011 1.39 141 C8-C1-010 110.81  110.54
Cl-H10 1.08 1.09 C8-C1-H11 108.95  109.03
C1-Ce8 1.5C 1.5C 011-C1-H1C  110.5¢ 110.5:
C2-H10 214 2.15 C2-C1-C8 103.53  103.99
C2-Br13 1.96 1.98 C1-C2-Bri13 11142  111.07
C2-H14 1.07 1.09 C1-C2-H14 110.89 11091
C3-C4 1.38 1.39 C8-C2-H12 99.56 100.61
C3-C9 1.38 1.39 C3-C2-Bri13 11455 11452
C3-H15 1.07 1.08 C3-C2-H14 112,58  113.17
C4-C5 1.39 1.40 H15-C3-H16 135.69 135.14
C4-H17 1.07 1.08 Br13-C2-H14 104.04 103.36
C5-C6 1.38 1.39 C4-C5-C9 118.70  118.76
C5-H18 1.07 1.08 C9-C3-H15 12047  120.64
C6-C7 1.38 1.39 C9-C3-H16 120.81 120.58
C6-H19 1.07 1.08 C4-C9-C3 12045 12047
C7-C8 1.38 1.40 C9-C4-H17 119.78 119.73
C8-C9 151 151 C5-C4-H17 119.75  119.78
C3-H16 1.08 1.09 C4-C5-C6 120.57  120.56
C7-H20 1.08 1.09 C4-C5-H18 119.65 119.70
O11-H12 0.9¢ 0.97 C6-CE-H18 119.77 11€72
H10-H12 2.86 2.86 C5-C6-C7 119.03  119.14
C5-C6-H19 120.26  120.27
C7-Ce-H1¢ 120.7¢  120.57
C6-C7-C8 120.16  120.05
C7-C8-C1 129.01 129.12
Ccg-ce-C1 110.7¢  110.7:
C3-C9-C4 129.73  129.75
C3-C9-C8 109.119  109.13
C4-C9-C8 121.05 120.99
C2-C1-C8 102.56  102.85
C2-C1-H10 109.37  108.94
C8-C1-H10 111.00 111.18
C9-C3-H15 113.95 114.11
H15-C3-H16  107.78 107.45
C1-011-H12 11032  108.73
C1-C2-Bri13 81.20 81.97
C2-C3-H16 112.08 11221

Parameter

O-H vibrations

The hydroxyl stretching vibrations are generally][@bserved in the region around 3500 ¢niThe peak is broader
and its intensity is higher than that of a free @iHration, which indicates involvement in an intedecular
hydrogen bond. Hydrogen grouping undergo self-agdon and their spectra are accordingly very depaton the
state of the sample. Hydroxyl compounds in solid pare liquid state normally exist as polymeric rggtes held
together by hydrogen bonds that break up on ditugvith non polar solvents first to trimers or dimi@nd finally,
on large dilution to monomers. The highly hinderadiroxyl group displays a free-®l stretching wavenumber
even in the pure state for (2Bl) exhibits a freeHOstretching. Hydrogen bonding alters the wavenumioé the
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stretching and bending vibrations. TheHDstertching bonds move to lower wavenumbers uguweith increased
intensity and bond broadending in the hydrogen dbdrspecies. In the present study, the stretchibmgtions of

the hydroxy groups of (2BI) were observed at 3388'dn IR spectrum. The €H in plane bending vibration is
normally observed in the region from 13327¢in IR spectrum, the position of the band dependinghe type of
the hydyoxyl group [22].

As seen from the PED values shown in Table 5 th¢l @ plane vibrations are strongly mixed with other
vibrations. The ©H torsional vibration is very anharmonic; therefates difficult to reproduce this wavenumber
with a harmonic approach for (2Bl). The wavenumbérthis vibration was observed at 360 ¢nn Raman
spectrum.

C-O vibrations

The G-O stretching vibrations in the 2BI produce a strbagd near 13661260 cm® and are sensitive to the nature
of the subsituents bonded to the carbonyl carb@ms€quently, this provides valuable informatiord@termining
the nature of the hydroxyl compound. The charastieriresponse of 2BI in the infrared is associaigith the
stretchingvibration of the €D-H system. Since the vibrational characteristicthisf system would not be expected
to differ greatly from the €C-C system, it is not surprising to find that respots C-O-C vibrations involving
oxygen atoms results in greater dipole moment obarthan those involving carbon atoms. Both thesedda
involve some interaction betweer-@ stretching and inplane-O-H bending. The most important contribution to
the G-O stretching mode was at 1205 ¢rfor 2Bl [23].

C-H vibrations

For simplicity, modes of vibrations of aromatic qumands are considered as separatel ©r ring C-C vibrations.
However, as with any complex molecules, vibratioimgtkractions occur and these levels only indictite
predominant vibration. Substituted benzenes hagelaumber of sensitive bands, that is, bands whoskion is
significantly affected by the mass and electromipprties, mesomeric or inductive of the substitsleAccordingly
to the literature [24, 25], in infrared spectra mo®no nuclear and poly nuclear aromatic compounad® three or
four peaks in the region 3000-3100 ¢nthese are due to the stretching vibrations of ihg CH bands.
Accordingly, in the present study, the FT-IR and- lRBman bands identified at 3092, 3072, and 2979 ene
assigned to C—H stretching vibrations of 2Bl argg@od agreement with calculated values by B3LYP/6G (d)
3175, 3154 and 3059 ¢l The FT-IR band at 1144, 1611, 1509, 1277'@nd the FT-Raman band at 1560, 1263
cm* are assigned to C—H in-plane bending vibratio2®F. The C—H out-of-plane bending vibrations of titke
compound are well indentified at 1022, 814 tin the FT-IR and 1105, 1013, 987, 940, 526'cimthe FT-Raman
spectra are found to be well within their chardstirregion.

C-C vibrations

The ring C=C and C-C stretching vibrations, knowrsemicircle stretching usually occurs in the radid00-1625
cm* [26, 27]. Hence in the present investigation, FfielR bands indentified at 1811, 1699, 1455, 11880 cm'
and the FT-Raman bands at 1461, 1320, 1274, 124 B&hcm" are assigned to C—C stretching vibrations of 2BlI.
The band ascribed at 1122, 737 cim FT-IR and 615, 335, 743, 150, 120 tin FT-Raman spectra has been
designated to CC in-plane and out-of-plane bendinge. The calculated bending modes found at 115P, $44,
757, 154 and 122 ctin B3LYP/6-31+G (d) are assigned to C—C in-pland ant-of-plane bending vibrations,
respectively.

C-Br vibration

The assignment of C—Br stretching and deformatieitahitions has been made on the basis of the latdcUPED
and by comparison with similar molecules-p-bromapi€g28] and the halogen substituted benzene dires
[29]. Mooney [30, 31] assigned vibrations of C—Ygp {X=Cl, Br, 1} in the frequency range of 1129480 cm™.
The medium FT-Raman band at 551 toorresponds to C—Br stretching mode. The theoletismenumber of this
band at 566 cim coincident well with the experimental, and thecaddted PED confirms this assignment.. The C—
Br out-of-plane bending and in-plane bending vibra are assigned to the IR and Raman bands aar2@9100,
409 cm', respectively. This is in assignment with therditare data [28-31].
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Table 5 Vibrational wave numbers obtained for 2Bl @ B3LYP/6-31+G (d) and HF/ 6-31+G (d) ( wavenumbegm™); IR intensities (Km
mol ); Raman intensities (A amut)

Calculated

species Observed frequency f Scaled frequency PED assignments
requency
IR Raman HF DFT HF DFT
1 3333(vs) 4093 3734 3911 3422 v OH(100)
2 3092(vs) 3389 3208 3238 3175 v CH(99)
3 3072(s 3376 319¢  322¢ 315¢ v CH(98
4 3052(vs) 3365 3188 3215 3133 v CH(98)
5 3047(ms) 3354 3179 3205 3128 v CH(98)
6 2979(ms 330¢ 310¢ 3157 305¢ v CH(95
7 2923(ms) 3268 3100 3123 3001 fads(72)
8 2911(s) 3231 3044 3087 2989  L£4(78)
9 2866(ms) 2871(ms) 3214 3036 3071 2943 CH(94)
10 1811(ms) 1807 1659 1807 1859v CC(80)+vCH(12)
11 1699(w) 1773 1631 1773 1744 v CC(82)+v CH(10)
12 1644(w) 1644 1518 1644 1688 5 CH(68)+ CO(23)
13 1615(ms) 1635 1508 1635 1658  fBkiss(55)+HCC(18)+CH(10)
14 1611(w) 1624 1502 1624 1654 § CH(68)+v CC(13)+ CHsciss(10)
15 1560(s) 1570 1429 1570 1602 5 CH(78)+CC(19)
16 1509(ms) 1509 1377 1509 1549 5 CH(75) v CC(20)
17 1455(s)  1461(ms) 1461 1358 1461 1494y CC(72)+8 OH(14)+5 CH(11)
18 1425(ms) 1428 1334 1428 1463  fbtk(54)®CH(20)+CC(12)
19 1332(vs) 1397 1299 1397 1368 5 OH(68)%CO(22)
20 1320(m) 1364 1273 1364 1355 v CC(62)4% CO(24)
21 1296(s 134¢  124¢  134¢ 1331 v CC(60)+5 CH(14)+CBr(12
22 1287(w) 1330 1238 1330 1321  Ring breathing(62)
23 1277(s) 1321 1223 1321 1311 § CH(64)+v CH(20)+CCC(10)
24 1274(m  128¢ 119/  128¢ 130¢ v CC(63)+v CH(20
25 1263(m) 1276 1190 1276 1297 § CH(59)+v CO(23)%C0O(11)
26 1222(s) 1234 1169 1234 1255  Qist(68)+CC(18)
27 1217(s  121€¢ 1127  121€ 124¢ v CCC(62)+v Br(18)+CC(11,
28 1205(m) 1200 1101 1200 1237 v CO(75)% CH(15)
29 1153(m) 1153 1054 1153 1184  Qwhag(58)+4yCO(21)+CH(10)
3C 1122(s 1128 105C  112¢ 115z § CC(68)+5 CO(18)4CH(10
31 1120(s) 1121 1017 1121 1150 v CCC(73)+ CHsciss(10)
32 1102(m) 1110 994 1110 1131 y CH(69)+ CC(13)
33 1022(w)  1013(vs) 1073 951 1073 1049y CH(76)+y CC(15)
34 987(m) 992 905 992 1013 y CH(83)+y OH(12)
35 940(m) 970 881 970 965 y CH(88)+ Br(10)
36 890(ms) 936 871 936 914 v CCC(68)+v CH(20)
37 881(m) 881 823 881 905 v CCC(62)+5 CC(18)
38 857(vs) 846(m) 852 777 852 880 y CC(76)+y CH(20)
39 814(s) 830 756 830 836 y CH(68)+y CO(15)+CC(12)
40 737(vs) 743(s) 761 705 761 757 y CC(76)+ CHrock(12)
41 667(vs) 695 647 695 685 § CC(69)+5 OH(14)+%CH(11)
42 615(ms) 644 600 644 631 § CCC(73)+5 CH(14)
43 551(ms) 556 512 556 566 v Br(83)+v CC(12)
44 526(s) 538 500 538 540 y CH(85)+y CC(10)
45 487(ms 50C 46t 50C 50C 5 CO(58)+ Ck,sym(18)8CCC(12
46 461(ms) 464 429 464 473 y CO(60)+y OH(22)
a7 400(ms  409(ms  41& 385 41€ 411 3 Br(63)+5 CC(15
48 360(w) 369 355 369 370 vy OH(75)+y CC(20)
49 335(w) 335 307 335 344 § CCC(67)+ CH twist(17)
5C 267(w) 268 24: 26t 274 y CC(66)+y CH(20
51 229(w) 236 217 236 235 v Br(55)+y CH(14)+CCC(12)
52 150(w) 154 139 154 154 y CCC(42)+ OH(17)4CCC(10)
53 120(w) 12z 111 122 12¢ y CCC(66)+y CH(16,
54 74 64 74 0 Butterfly(98)

v — stretching,d — in-planey — out-of-plane, w-weak, m-medium, s-strong, vs-verystrong, vw-veryweak

Mulliken population analysis

Mulliken atomic charge calculation has an importesie in the application of quantum chemical cadtioin to

molecular system because of atomic charge effpaielimoment, molecular polarizability, electronirusture and
more a lot of properties of molecular system. Taeding capability of a molecule depends on thetede@ charge
on the chelating atoms. The atomic charge value® wbtained by the Mulliken population analysis][3Bhe

calculated Mulliken charge values are listed inl&ah The charge changes with basis set presunoablyrs due to
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polarization. For example, the charge of Br (18)mais-0.098346 e for B3LYP/ 6-31+G (d) ard).737631e for
HF/6-31+G (d). The charge distribution of brominiera is increasing trend in HF and B3LYP. Considgrall the
methods and basis set used in the atomic chargelatbn, the carbon atoms exhibit a substantightiee charge,
which are donor atom. Hydrogen atom exhibits atp@stharge, which is an acceptor atom. ThéCbond length
of 2Bl is closer with normal €Br bond length (ca. 1.98 A) due to the attractifiact between €Br atoms.

Table 6 Calculated values of Mullikan atomic charge

Charges

S.No Atom DET TS

1 Cc1 0.9136¢ 0.83751i

2 C2 —1.977024 —1.968375
3 C3  —0.147159 —0.329044
4 C4  —0.015733 —0.194346
5 C5 —0.006074 —0.249135
6 C6 0.053633 —0.136538
7 C7 —0.250561 —0.012813
8 c8 0.760288 1.069013
9 C9  —0.823047 —0.846594

10 011 —0.382593 —0.492112
11 H10 0.431464 0.487288
12 H12 0.169290 0.220553
13 Brl3 —0.098346 —0.751631
14 H14 0.274621 0.296566
15 H15 0.190053 0.251430
16 H16 0.17802 0.23353
17 H17 0.174631 0.230557
18 H18 0.715272 0.232883
19 H1¢ 0.225511 0.22161!
20 H20 0.276379 0.281125

NBO analysis

NBO analysis is proved to be an effective tool éemical interpretation of hyper conjugative intti@n and

electron density transfer (EDT) from filled loneefron pairs of the n (Y) of the “Lewis base” Yarthe unfilled

antibondo* (X —H) of the “Lewis acid” xH in X-H....... Y hydrogen bonding systems [33]. Also, in ortiepbtain

structure of molecule 2BI, the main natural orbitaéractions were analyzed with the NBO 3.0 progfa4]. The

lowering of orbital energy due to the interacticetvileen the doubly occupied orbital and the uno@zlipines is a
very convenient guide to interpret the moleculaudtire. In energetic terms, hyperconjucation isiraportant

effect [35, 36] in which an occupied Lewis-typeurat bond orbitals stabilized by overlapping witm@n Lewis-

type orbital (either one-center Rydberg’'s or twotee antibondig NBO). This electron delocalizatioan be

described as a charge transfer from a Lewis valerigial (donor), with a decreasing of its occuparto a non-

Lewis orbital (acceptor). Several other types démee data, such as directionality, hybridizatiad gartial charges
were analyzed in Table 7, the output of NBO analysi

Table 7 NBO results showing the formation of Lewisnd non Lewis orbital’s by valence hybrids correspnding to the intermolecular C-
H...O hydrogen bonding of E122.

BondA-B Occupancy ED EDg NBO% S% P%
BD(C1-C2) 1.91662 53.33 46.67 0.7302sp>*+0.6832sp>  38.66,28.23 61.26,71.65
BD*(C1-C2) 0.07739  46.67 53.33 0.6832sp°%-0.7302sp>*  38.66,28.23 61.26,71.65
BD(C1-011) 1.93576 32.74 67.26 0.5722sp°+0.8201sp*  5.54,27.12 94.18,72.76
BD*( C1-011) 0.0866¢ 67.2¢ 32.7¢ 0.8201s'7°%0.5722s°%® 554,271 94.18,72.7
BD(C2-Br13) 1.97029 49.05 50.95 0.7003sp®+0.7138sp” 12.71,12.90 87.19, 86.88
BD*(C2-Br13) 0.10266 50.95 49.05 0.7138sp°%-0.7003sp™® 12.71,12.90 87.19, 86.88
BD(C2-H14) 1.91199 67.48 3252 0.8214sp*+0.5703sp™  31.56, 100 68.37
BD*(C2-H14)  0.10266 32.52 67.48 0.5703sp'-0.8214sp®  31.56, 100 68.37
BD(C3-C9) 1.97432 48.36 51.64 0.6954sp°+0.7186sp®  34.52,38.25 65.43,61.72
BD*( C3-C9) 0.02147 51.64 48.36 0.7186sp°-0.6954sp™ 34.52,38.25 65.43,61.72
BD(C3-H15) 1.95197 62.69 37.31 0.7918sp%+0.6108sp™  19.93, 100 80.01
BD*(C3-H15)  0.02622 37.31 62.69 0.6108 sp’%-0.7918 shp*®  19.93, 100 80.01
BD(C3-H16) 1.93300 64.42 3558 0.8026sp%+0.5965sp®  26.12, 100 73.83
BD*(C3-H16)  0.01903 35.58 64.42 0.5965sp%*-0.8026sp™  26.12, 100 73.83
LP 011 1.93736 ¢ 58.16 41.79
LP Br13 1.99531 g° 87.02 12.97
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Table 8 The second order perturbation energies £ (kal/mol) corresponding to the most important chage transfer interactions (donor

- acceptor) in the compounds studied by B3LYP/6-313 (d, p) method

Sno Bond Accepter E(2) E@)-E®l) F(l,))
1 BD C1-C2 BD* C1-C2 121 1.14 0.33
2 BD C1-C2 BD* C2-Br13  0.70 0.77 0.021
3 BD C1-C2 BD* O11-H12 15.82 1.03 0.114
4 BD C1-C8 BD* C1-011 0.95 0.85 0.026
5 BDCI1-C8 BD* C2-C3 0.9t 1.0€ 0.03(

6 BD C1-011 BD* C1-011 2.49 0.92 0.043
7 BD C1-011 BD* C2-H14 3.46 121 0.058
8 BDCI1-HI1C  BD*C3-H16 0.8C 0.9¢ 0.02¢

9 BD C1-H10 BD* O11-H12 0.68 0.84 0.021

10 BDC2-C3 BD* C1-C2 1.78 112 0.040
11 BDC2z-Brl3 BD*Cl-C2 0.81 1.6¢ 0.02¢
12 BD C2-H14 BD* O11-H12 9.65 0.86 0.082
13 BD O11-H12 BD* C1-011 1.55 0.91 0.034
14 BDO11-H12 BD*C2-H14 1.22 121 0.034
15 LPO11 BD* C1-C2 171 1.13 0.039
16 LP Br13 BD* C2-H14 0.52 1.41 0.024
17 LP(2) 011 BD* 011-H12 241 0.02 0.044

Table 8 gives the second-order perturbation endtgf) corresponding to the interactions and the ayeihtegral

of each orbital pair. From the table very strongdryconjugative interaction is observed betweemthge orbital
containing the lone electron pair of O10 and thigheor C1C2 antibonding orbital of the benzene ring. The
electrons of C2H14 towards the n (LP Brl13) orbital and the oved&ponor and acceptor orbitals are well known.
This interaction is responsible for a prouncedhefbne pair orbital occupancy. The hyper conjugabetween O9
and the benzene ring defines the common moleceddurfe of this type of molecules. An important cibnttion for
the molecular stabilization energy is further gil®nO10 through the overlap of its’Splone pair n (LP Br13) with
thett* (C2-H14) orbital and shows the hyper conjugation irttoa.

HOMO-LUMO energy

In principle, there are several ways to calcul&i éxcitation energies. The simplest one involvesdifference
between the highest occupied molecular orbital (HS)NNd the lowest unoccupied molecular orbital (LOMf a
neutral system, and is a key parameter determimioigcular properties. The frozen orbital approxioratand the
ground state properties are used to calculate xb#agon values. This method is very practicalrtigalarly for
calculating large system [B7Rigorously, the density functional methods (whicé based on Hohenberg and Kohn
theorem [38] are designed to yield total enerdgimwever, the orbitals in this case (Kohn-Sham atbif39]) are
not electronic orbitals but mathematical arrangemand their Eigen values are not directly relatethe electronic
excitation energies. Nevertheless, it is often adgapproximation to neglect these formal inconsists and
consider them as electronic orbitals and orbitargies, as they are in the HF framework [40]. Tigek values of
LUMO and HOMO and their energy gap reflect the civamactivity of the molecule. The HOMO energidse t
LUMO energies and the energy gap for 2Bl molechiage been calculated using B3LYP level with 6-31(5
basis set. An electronic system with a larger HOMOMO gap should be less reactive than one havismaller
gap [41]. The 3D plots of the HOMO and LUMO for t@&l is shown in Fig. 5. In 2Bl the highest occupie
molecular orbitals are localized mainly on all agittihe lowest unoccupied molecular orbitals are alainly on the
carbon atoms having single bonds only in the nmgich also indicate that, the electron densitygfanfrom n with
the 1t* orbitals, so electronic transitions from the HOM® the LUMO are mainly derived from the electronic
transitions of A» 1*. From the result the
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HOMO energy =0.20119 a.u
LUMO energy =— 0.04402 a.u
The energy gap = 0.24521 a.u

HOMO LUMO

Fig. 5 The atomic orbital compositions of the fronier molecular orbital for 2-bromo-1-indanol

Electrostatic potential

Electrostatic potential (ESP) at a point in spaciad a molecule gives Information about the nettebstatic
effect produced at that point by total charge itistion (electron+ proton) of the molecule and etates with
dipole moments, electro negativity, partial charged chemical reactivity of the molecules. It pd®s a visual
method to understand the relative polarity of tr@aoule. An electron density isosurface mapped eligictrostatic
potential surface depicts the size, shape, chargsity and site of chemical reactivity of the males.

Fig. 6 Electrostatic potential map of 2-bromo-1-inénol

The electrostatic potential at the surface areesgrted by different colors; red represents regimnsnost
electronegative, blue represents regions of thet positive electrostatic potential and green regmées region of
zero potential. Potential decreases in the ordér<r@range < yellow <green < blue. Such mappedtrelsatic
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potential surface have been plotted for title moleén B3LYP/6-31+G (d) basis sets using the cot@psoftware
Gauss view. Projections of these surfaces aloagrtblecular plane and a perpendicular plane amngiv Fig. 6.
The hydroxyl group of H atom posses more positivélucleophilic region, lone pair of oxygen atom s more
electro negative. This figure provides a visualrespntation of the chemically active sites and cmave
reactivity of atoms [42].

Thermodynamic properties

The total energy of a molecule is the sum of tratitshal, rotational, vibrational and electronic eyies, i.e., E = E

+ E + E, + E. The statistical thermo chemical analysis of 2Btarried out considering the molecule to be atroo
temperature of 298.15 K and one atmospheric presdure thermodynamic parameters, like rotationalstant,
zero point vibrational energy (ZPVE) of the molexbly DFT method with B3LYP are presented in TabferlC5
conformer. On the basis of vibrational analysis atdtistical thermodynamics, the standard thermadya
functions: heat capacity ?g:m) entropy (&,), and enthalpy (&) were obtained and listed in Table 9. As is eviden
from Table 9, all the values of’,g;; S, and H,, increases with the increase of temperature frot0to0700.0K,
which is attributed to the enhancement of the mdégcvibration while the temperature increases bseaat a
constant pressure (db = 1 atm) values &{,@S"m, and H,, are equal to the quantity of temperature [43]. The
correlations between these thermodynamic propeatieistemperatures T are shown in Figs.7, 8 andofic& all
the thermodynamic calculations were done in gas@lad they could not be used in solution. Scaifa have
been recommended [44] for an accurate predictiafetermining the zero-point vibration energies,t lvegacities,
entropies, enthalpies and Gibbs-free energies.

Table 9 Thermodynamic parameters of 2-bromol-Indaal.

Temp. _ _ _ _ _
0 Cpm(caimoltk™) s (calmolt k™) AHY (kcalmol™)

HF B3LYP HF B3LYP HF B3LYP
100 2.99 3.67 4.58 8.07 1.60 4.40
200 10.55 11.57 17.19 24.16 6.64 12.60
30C 23.0¢ 24.2: 38.7( 49.1( 15.6% 24.8¢
400 40.71 41.96 69.72 83.46 29.00 41.50
500 63.61 64.82 110.45 127.46 46.84 62.63
60C 91.4¢ 92.6( 160.7¢ 180.97 69.3( 88.31
700 123.96 124.97 220.37 243.71 96.40 118.74
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Fig 7 Correlation graph of heat capacity and tempeature for 2-bromo-1-indanol
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Entropy (Cal mol™*k-1)

Based on the density functional theory calculatiam®mplete vibrational analysis has been doneThiRFand FT-
Raman spectroscopic techniques. The vibrationajufracies analysis by B3LYP/6-31+G (d) method agrees
satisfactorily with experimental results, compatedHF/6-31+G (d) method. The geometry optimizaté&xposes
the planarity of 2BI molecule. The Mulliken chargealysis explains the possibilities of hydrogending. The
pronounced decrease of the lone pair orbital ocumpaand the molecular stabilization energy show the
hyperconjucative interaction from the NBO analydike scaled frequencies of the FT-IR and Ramantigpace
well consistent with that of the experimental spiecThe strengthening and polarization band ineréasR due to
the degree of conjugation, and the O—H bendingacher reveals the intermolecular hydrogen bonditgractions.
The HOMO-LUMO energy has also been occupied. ThE BiSes the visual representation of the chemically

Enthalpy (k cal mol™)

J. Chem. Pharm. Res., 2013, 5(5):72-88
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CONCLUSION
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active sites and comparative reactivity of atormserimodynamic properties in the range from 100 K@0 K are
obtained. The gradients of Cp,m, Sm, Hm, and vidmat intensity increases with increase of tempeea
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