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ABSTRACT

The conformational analysis of p — isobutylacetomme (IBAP) is initiated by potential energy sudacan of p —
isobutylacetophenone using DFT method. The theaildiR frequencies and chemical shifts are compavigh the
experimental results. The IR frequencies of IBA® amalysed by Potential energy Distribution cald¢ida using
Vibrational Energy Distribution Analysis (VEDA) m@am. The electrochemistry of IBAP studied is asedy
theoretically. The determination of various reaityivdescriptors in the context of chemical readyivemploying
various population analyses reveals the electrapihyl of carbonyl carbon in IBAP and antifungal sty of IBAP.
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INTRODUCTION

p — isobutylacetophenone (IBAP) has the pharmacautnportance in synthesizing Ibuprofen, a notercdal anti
inflammatory (NSAID) drug that functions by redugithe hormones which cause inflammation and paiauin
body. Ibuprofen is the active ingredient in a numbé pain relievers e.g., Advil, Motrin, Nuprin. Nuoally,

hydrogenation of IBAP yields ibuprofen. Numbersaafrks have been reported on the absorption of |IBdgtics
of hydrogenation of IBAP, production of ibuproferorin IBAP using different catalysts. A detailed DBEiidy of
IBAP will complement the experimental results obéal from earlier studies. The study of the localnat

descriptors like fukui functions, electrophilicitydices will help to design various chemical reaws that would
decrease the destructive effect of IBAP and inaats pharmaceutical utility. B3LYP density funetad model
shows reasonable good performance on the geometribe organic compounds [1].

EXPERIMENTAL SECTION

Computational techniques:

All computational studies are carried out at Dan§itinctional theory (DFT) level on a personal cotepwsing
Gaussian 03W program package [1]. DFT calculatamsless time consuming and include a significant pf the
electron correlation leading to good accuracy. Thleulations are carried out with the Becke’s thregarameter
exchange functional with the LYP correction (B3LY®)d the basis set 6-31G (d, p) are used in apptepr
calculations. The computational work has begun withconformational analysis of the compound.

The PES of IBAP is carried out at B3LYP / 6 — 316G+, p)level [2]. The stable conformer is then sabgd to IR
frequency analysis using the same level of comjmuta®he IR frequencies obtained at B3LYP / 6 —84G (d,p)
level are compared with the experimental resuittsaddition, theoretical IR vibrational frequenciesSIBAP are
interpreted by means of Potential energy DistrioutfPED %) calculation using Vibrational Energy thisution
Analysis (VEDA)program[3]. The normal modes assignment of therth®al IR frequencies is visualized and
substantiated with help of the GaussView 5.0 vigatibn program.
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The GIAO*H NMR and**C NMR chemical shift calculations of the stable foomer is made in CDGl[scrf=

(solvent=chloroform)] by using B3LYP / 6 — 311++@ @ basis set. As the diffusion functions are usednduhe

calculation the isotropic values in the calculasiare subtracted from a scaling factor of 182.4&56 31.882 to
obtain the chemical shifts fofC and'H NMR respectively. The chemical shifts obtainedBRLYP / 6 —
311++G(d,p) level of computation are compared withexperimental results.

The determination of various global and local riétgt descriptors in the context of chemical rewityi is also
performed and the electrophilicity at the site aftmonyl carbon in IBAP is revealed. The local riétgt descriptors
like fukui functions and dual descriptor are cadtatl employing Mulliken population (MCA), Naturabgulation
(NCA) and Hirshfeld population (HCA) and indepentisimgle point energy calculations have been mads e 1,
N and N + 1 electronic systems (where N = 96, totahber of electrons in IBAP) with same moleculaogetry
(devoid of any structural changes inthe N — 1nd B + 1 electronic systems) at B3LYP / 6 — 31Gp)dgvel.

The anionic form of the IBAP molecule is optimizesing diffusion function during the calculationB3LYP / 6 —
31G+ (d,p) level. The NBO calculation of the IBAPlecule and its anionic form are performed at séawel of
computation and the change in the hybridisatiomdborder and bond length of the vital bonds durémion
formation are discussed.

RESULTS AND DISCUSSION

IR frequency analysis:

The optimized geometry of IBAP is given in Fig ltlwithe numbering adopted in this study. The optuiiz
geometry of IBAP with minimal energy is subjectedR frequency calculation at B3LYP / 6 — 311++Gpjdevel.
The compound IBAP consists of 29 atoms and henceo8thal modes of vibrations. The molecule belomg€1
symmetry. All the modes are IR active modes. Theutated IR frequencies at B3LYP / 6 — 311++G (dguel are
scaled by a factor 0.9668. The significant expentale[4] and computed IR frequencies at both thelk are
compared in Table 1. In addition, theoretical IRrational spectra of IBAP are interpreted by meainBotential
energy Distribution (PED %) calculation using Vitloaal Energy Distribution Analysis (VEDA) prograrihe
normal modes assignment of the theoretical IR feegies is visualized and substantiated with helpthef
GaussView 5.0 visualization program. The significaxperimental, unscaled and scaled computed Ifuéecies
are given in Table 1. None of the predicted viloraai IR frequencies have any imaginary frequengylying that
the optimized geometry is located at the local mumn point on the potential energy state. The catedl IR
frequencies at B3LYP / 6 — 311++G (d,p) level isrfd to be in better agreement with the experimetRal

frequencies of IBAP [4].
9
@I @ J) <
4 4 J

Fig 1: Optimized geometry of IBAP

13C and 'H NMR spectral analysis of IBAP:

NMR spectroscopy is the key to reveal the confoional analysis of organic molecule. Good qualitpmetries
must be taken into consideration for the quantulouéation of the absolute isotropic magnetic shiddtensors to
yield more reliable results. There are many reporisNMR isotropic magnetic shielding tensor caltioles
employing the GIAO method associated with the DigriBunctional theory (DFT) [5,6]. The GIAGH NMR and
¥3C NMR chemical shift calculations of the stable foomer is made in CDGl[scrf= (solvent=chloroform)] by
using B3LYP / 6 — 311++Gd( p) basis set. The experimentad NMR [8] and™*C NMR [9] chemical shift values
of IBAP are compared with the computed chemicdft sfailues in Table 2. The computed chemical shafues at
B3LYP /6 —311++Gd, p) are in better agreement with the experimentairéta shift values.
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Table 1: Significant experimental and computed IR vavenumbers obtained for IBAP at B3LYP/ 6— 311++G(dp) level

Computed Observed | Vibrational assignments PED=>10%
freque_rllmes frequ_el:nmes (v — stretching vibration; p — bending vibration; T — torsion; y — out — of — plane bending)
(cm™) (em™)[4]
3091 Vc3- H3(95%)
3083 3085 Ves.- Hs5(88%) +ves. He(11%)
3057 Vce- H5(88%) +ves. HS(ll%)
3054 Vc2- H2(96%)
3038 Vcio- H12c(85%)
2992 Vco- ng(22%) +Vco- H9c(74%)
2988 3034 Veiz- 112:(49%) +veia- h121(50%)
2983 Veio- H10d61%) +veio- Hio(35%)
2977 V- Hoe(25%) +vce-Hor(19%) +veio- Hiot(23%) +veio- Hiod(22%)
2971 V- Hoe(26%) +vco-Hor(19%) +veio- Hi04(12%) +Veio- Hiot(13%) +veio- Hiod27%)
2951 2959 Vc7- H7€(45%) +ve7- H7t(49%)
2933 veiz- H124(43%) +veiz- H12t(42%) +veio- ti2(15%)
2920 ver- nre(19%) +ver- nr(11%) 4veo- os(11%) +veo- ot(19%)Hveio- Hiad 11%)
2914 2924 ver-hre(18%) +ver-nre(17%) eo- o 14%) +veo- hor(34%)ves- Ho(10%)
2913 ver-nre(17%) +ver- nn(14%) veiz- Hi2d(15%) +veiz- tia(18%)Weiz- niad 32%)
2902 Vcs- H8(87%)
1684 1684 Vci1- 015(87%)
1590 Vea- C:(33%) +vea- CE(ll%)
1550 1568 vci- 04(27%) +Vca- 55(26%)
1485 Briz- c2- ca(17%) +PBhs- c3-c2A(17%) +Prs- co- ce(13%) +PBus- cs-ce(16%) Hcs- ca-cs( 11%)
1462 1464 Broa- co- Hod(20%0) +PBrac- co- Hot(21%) +Briob- c10- H10£(16%) +BH1oc- c1o- H1o:(17%0)
1423 1413 Braza- c12- H12d(18%) +Briob- c12- H12:(43%) +PBrizc- c12- H12:(20%)
1355 1356 Briza- c12- H12d23%) +priza- c12- 12 38%) +Bhizc- c12- H126(22%)
1271 1266 veic 05(35%) +Vcio- 011(11%)
1184 1184 Briz- c2- ca(14%) +Bhs- c3- c2A(15%) +Brs- cs- c(25%) +Phis - cs- ce(15%)

Table 2: Experimental and Computational®H NMR and **C NMR chemical shifts of IBAP in CDCk phase by DFT method
Coupling constants in Hz given in parantheses

Protons ) E)_(perimfsntal Computed *H chemical shifts(ppm)
H chemical shifts (ppm)[8] DFT/B3LYP/ 6 — 311++G(d, p)
H(3), H(5) 7.87(d,8.4 Hz) 8.45
H(2), H(6) 7.22(d, 8.4 Hz) 7.76
H(7) 2.52(d, 7.2 Hz) 2.68
H(12) 2.56 2.64
H(8) 1.89 2.29
H(9), H(10) 0.90(d, 6.4 Hz) 0.85
Carbons | v Experimental Computed C Chemical Shifts (ppm)
C Chemical Shifts (ppm)[9] DFT/B3LYP/ 6 — 311++G(d, p)
11 197.6 206.2
1 147.5 158.5
4 135.1 140.1
6 129.3 134.6
3 128.3 133.7
5 128.3 135.3
2 129.3 132.8
7 45.4 49.1
8 30.1 36.5
12 26.4 28.2
10 22.3 24.9
9 22.3 20.6

Electrochemistry of IBAP:

The anionic form of the molecule IBAP is optimizat B3LYP / 6 — 31G+d, p) level of computation and the
selected geometrical parameters like the bond teagtl the torsional angles which govern the ratatibthe three
rotable bonds C7 — C8, C1 — C7 and C4 — C11 ofrtbkecule in anionic form are compared with the getival
parameters of the molecule IBAP in the neutral formthe anionic form of the molecule the bond kbngf C4 —
C11, C11 — 013 bonds are noticeably varied thartCthe C11 and C11 — O13 bond lengths in the nentodécule.
The bond C11 — C12 is more elongated in anionienfaf the molecule IBAP. The bond C11 — O13 is also
lengthened in anionic form of the molecule IBAPisTlengthening of C11 — O13 bond in anion may be tuthe
conversion of C11 — O13 double bond to single bgkedo — enol tautomerism). This computational obston
supports the cyclic voltammetric study of IBAP [18]N, N — dimethyl formamide. The reduction of IBAs found
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to produce a stable radical anion. There is no ndehation observed in the torsional angles obskimeboth
neutral and anionic forms of IBAP.

The elongation of C11 — O13 bond is well explaibgdhe NBO analysis of the anionic form of the noole IBAP.
The NBOs of the neutral molecule and anion of IB&&P analysed. The hybridisations of the atoms irein the
formation of the vital bonds present in the isobgsoup and carbonyl group are analysed. The higaimns
underwent by the atoms involved in the formationthef vital bonds in the neutral and anionic forrhthe molecule
IBAP involved are presented in Table 3. Table 3sixia of the bond orders of the bonds presente@ Th
hybridisation of the C1, C7, C8, C9 and C10 in ttenation of the C1 — C7, C7 — C8, C8 — C9 and G810
appears to be unperturbed in the anionic form demde IBAP. Hence there is no significant chang¢hie bond
length and bond order. In the carbonyl group regibthe molecule IBAP, during the formation of teion the p —
character increases with increase in the bond tequigti decrease in the bond order of the C11 — ©h8.brhe C11
— 013 bond is found to possess a partial singlal lmbvaracter during the formation of anion. The bond in the
carbonyl group of the neutral molecule formed bg tiverlap of p orbitals of C11 and O13 is vanishedhe
anionic form and that p — orbitals are supposeuetinvolved in the hybridisation which increases ph— character
of the C11 — O13 bond in anion. The p — characterehses with the decrease in bond length andaiseri@ bond
order of the C4 — C11 bond. Hence C4 — C11 borainatta partial double bond character during then&dion of
the anion. The computational NBO analysis of theitra¢ and anionic form of the molecule IBAP defaht
complements the experimental cyclic voltammetnicgtof IBAP [10] in N, N — dimethyl formamide.

Table 3: Natural bond hybridisation calculated for vital bonds (NBO analysis) with bond order:

Bond Bonded atoms| Neutral form Bon((i'al\;ength Bond order | Anionic form Bon%):\I;ength Bond order
c1-cC7 g% zgz 1513 1.00 zg; 1.507 1.00
c7-c8 g; 252( 1550 1.00 zg;e 1.554 1.00
c8-C9 gg 22; 1534 1.00 zgi 1533 1.00
C8-C10 (:0180 zgi 1535 1.00 zgz 1535 1.00
c4-C11 ccl41 zgz] 1.497 1.02 zgzz jgi 1.434 1.60
C11-C12 gi; 22: 1520 1.02 z pzi 1536 1.02

C11-013 gié 2:2? jgi 1222 2.07 2?: 1.269 152

Scheme showing reduction of IBAP

o13 013

Electrophilicity index of IBAP:

According to Koopmanns'theorem[11], the HOMO enef8iomo) is related to the ionisation potential of the
molecule. E,omo = ionisation potential and the average value of HOBI® LUMO energies is related to the
Mulliken defined electronegativity. The band gapween HOMO and LUMO is related to the hardness. The
ionisation potential (1) of the molecule is detemad from the difference between the energy of the Nelectronic
system Ey.) of the molecule IBAP preserving the same molecgleometry of the neutral state optimized at
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B3LYP / 6 — 31G+(d,p) level and the energy of tleeitral stateK,;). The electron affinityEA) of the molecule is
assessed from the difference between the enerdlyeothe N + 1 electronic systely() of the molecule IBAP
preserving the same molecular geometry of the akstate optimized at B3LYP / 6 — 31G+(d,p) levetiahe
energy of the neutral statg,().

| =Em +—Em 1)
EA=Ew - Ewm- )
Hence, the electronegativify) and the chemical hardngg3 of the molecule can be predicted as follows,
x=(+EA)/2 3)
n=(-EA/2 4)

The chemical potentialy, is the derivative of the energy with respecth® humber of electrons and corresponds to
the negative of the electronegativity. Hence,

H==X ®)
The electrophilicity index¢)[12], is a measure of energy lowering due to makielectron flow. This new global
reactivity index measures the stabilization in ggerhen the system acquires an additional eleatronarge from

the environment. The electrophilicity which refaosthe electrophilic power of a molecular systeralslity to
accept electrons is defined as

w= 1’ 12n (6)

The electrophilicity is a descriptor of reactiviyat allows a quantitative classification of thelgl electrophilic
nature of a molecule. The valuesyof;, u andw are 4.411, 4.328, -4.411 and 2.248 respectively.

The Fukui functionf(r)[13], the widely used local density functional d@siors to model chemical reactivity and
site selectivity is defined as

f(r)=[8p¢ /NI @)
wherep(r) is the electron density at the point r, N is thenber of electrons and v(r) is the external pogdnti

which the N electrons move. The densities can begiated over each atom and the condensed fukatidumnis
given as

+_ N+1__N
fe=ap —ag ©

where qll<\| refers to the gross charge on atom k in the médesith N electrons,qll(\| +1denotes the gross charge

on atom k in the molecule with N + 1 electrons a]{@l _1denotes the gross charge on atom k in the molecule
. +. . . ... - .

with N — 1 electrons fk indicates the capacity of atom k to undergo nudidimpattack and f k indicates the

tendency of atom k to undergo electrophilic attack.

A dual descriptorAf)[14] is defined as the difference between the exhilic and electrophilic fukui functions and
is given by

Af = fk+ —fi (10)
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If Af> 0, then the site is favoured for a nucleophittaek.

The local quantity called philicityC()g) associated with atomic site in a molecule with the help of the

corresponding condensed fukui functioﬁtﬂf) (wherea = +, - and Orepresenting nucleophilic, electrdphéind
radical attacks respectively) is given by

wy = ofif (11)

The condensed philicity summed over a group ofvesie atoms is defined as ‘group philicity’ . Itabtained by
adding the philicity of nearby bonded atoms.

k=1 (12)
wheren = number of atoms bonded o the reactive atom.

The Mulliken charge, Natural charge and Hirshfdidrge on the atoms pictured out (Fig. 2) from th& @nalysis

of the molecule IBAP and its N + 1 and N — 1 elewsic forms are used to determine If%andf E values. The

fl:-and f E values are determined for the atomic sites sudimgnthe carbonyl carboviz., C11, 013, C12 and

C4 based on mulliken charges(MCA), natural cha(t3A) and Hirshfeld charges (HCA). The dual dedonigAf)

is calculated for atoms forming the sites for &térom thefi:-andf Evalues. Th@]kN ,qL\I +1, qEI _1, fl:’

f E andAf values for C11, 013, C12 and C4 atomic sites arengn Table 4. The values in Table 4 point owttth

the MCA and NCA scheme provide negativf({fukui function and HCA scheme provide positi\/Ei:fukui

function [15]. Several research workers [16 — 1@)éh epitomized the usefulness of HCA scheme in the
determination of the local descriptor quantitiesaoimolecular system. The MCA scheme provides ativegaf
value for C11 atomic site which clearly predictattMCA scheme is not able to effectively reprodtieechange in
the electron density around the reactive atom @sehtype of carbonyl compound. The NCA and HCA s
provide a positiveAf value for C11 atomic site indicating that the camfdocarbon C11 site is favourable for
nucleophilic attack and a negatiévalue for O13 atomic site indicating that the O1@naic site is favourable for
electrophilic attack.

The group electrophilicity index value.)g) in Table 4 indicates that the value determinedttie carbonyl carbon

(C11) and the nearby bonded atoms (C4, C12 and BABJCA, NCA and HCA schemes is lesser than thaigro
electrophilicity index value values of the earlimported carbonyl compounds[20]. This decreasehé group
electrophilicity index value and consequent de@daste of nucleophilic attack can be attributethtopresence of
electron donating alkyl group in IBAP molecule.

Pharmacological importance of IBAP:

The pharmacological importance of IBAP can be erpld with the help of the determination of the &leghilicity
index of the molecule at vital atomic sites. Thedgton the reactivity of the carbonyl carbon anggen reveals
that the electrophilic and nucleophilic part of tmelecule IBAP gets bound to the nucleophilic afetteophilic
part of the biological target respectively. IBAPsigbjected tan vitro antifungal activity test against fungal strains
viz., Aspergillus flavus, Pencillium chryogenum, Trichiwde viride, Fusarium oxysporurAmphotericin B is used
as standard drug whose zone of inhibition are 14tenm against all the tested fungi. The activatimtex of IBAP
(Table 6) against the tested fungi with referemcthe standard antibiotic Amphotericin B is in thege of 20 — 24
which predicts that the molecule IBAP has increamtfungal activity than the standard drug Amphiote B.

Amphotericin B binds with ergosterol [21,22], aidipn the cell membrane of the fungi and creatg®lar pore in
the cell membrane of the fungi which makes thel vitas like K, H" to ooze out and kills the fungal cells. The
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binding between Amphotericin B and ergosterol isMeen the electrophilic NA part of Amphotericin B and the
nucleophilic OH part of ergosterol. The experiméngssults of in vitro antifungal activity test of IBAP indicates
that the electrophilicity index of the C11 carbomrgrbon in IBAP may be greater than that of thetedghilic
power of NH" part of Amphotericin B and hence binds well witke fipid ergosterol present in the cell membrane
of all the tested fungi.

Fig 2 Graph showing mulliken, natural and Hirshfeld charges derived for
IBAP

0.8

L

B

=

12 -
® Mulliken ®Natural » Hirshfeld

+ -
Table 10: Calculated mulliken charges, natural chages and hirshfeld (:hargesqll(\l , qu 1, qil(\l 1, condensed fukui

+ —
functions fk f k dual descriptor (Af), local and group electrophicity index (og" ) at significant atomic sites at DFT level.

Atomicsite | a | oot o | & ] Af | ofd | of

Mulliken charge based analysis (MCA)

C11 5581 5.497 5.656 -0.013 -0.085 -0.011 -0.19928D

C12 6.513| 6.633 6.42p 0.08p 0.130 0.0B1 0.482

013 8.424| 8584 8.23p 0.18p 0.149 -0.q26 0.375

C4 5.435| 5.359 5.387 0.048 -0.0{5 -0.23 -0.177
Natural charge based analysis (NCA)

C11 5.441| 5599 5.454 -0.043 0.147 0.1f0 0.369 50|77

C12 6.785| 6.762 6.782 0.008 -0.0p3 -0.026 -0.053

013 8.562| 8.712 8.35f 0.20p 0.140 -0.d55 0.353

C4 6.167| 6.213 6.01 0.158 0.045 -0.107 0.107
Hirshfeld charge based analysis (HCA)

C11 5.849| 595§ 6.05f -0.208 0.149 0.3l7 0.356 &)74

C12 6.087| 6.119 6.071 0.01p 0.037 0.0L1 0.064

013 8.253| 8.387] 8.10 0.151 0.133 -0.q17 0.314

C4 6.024| 6.072] 5.94 0.08ff 0.048 -0.036 0.113

Table 6: Antifungal activity of IBAP:

Zone of inhibition (mm)
Name of the fungus | Standard drug Activation index(Al)*
o IBAP
Amphotericin B
Aspergillus flavus 14 20 1.43
Pencillium chryogenum 12 22 1.83
Trichoderma viride 13 24 1.85
Fusarium oxysporum 14 20 1.43

* Al = Zone of inhibition of sample / Zone of intibn of standard
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CONCLUSION

ThelR vibrational frequency calculation for the IBAPR ¢arried out with the B3LYP / 6 — 311++G (d,p) ibaet
and the calculated values are compared with therarpntal values. The B3LYP / 6 — 311++G (d,p) lewk
calculation is proved to be in good agreement it experimental values. The theoretical IR fregieshwere
assigned to the respective vibrations with PEDY%@sVEDA and Gauss View Visualization program. The
theoretical'H and**C NMR chemical shift values calculated for IBAP BELYP / 6 — 311++G (d,p) level and the
chemical shift values calculated at B3LYP / 6 —G%%(d,p) level are in good agreement with the expental
values. NBO analysis revealed the absence of imtieaular hydrogen bonding in IBAP. The NBO analysighe
anionic form of IBAP complemented the cyclic voltaetric studies on IBAP. The C11 — O13 single banthe
anion is evidenced by the increasing p charact€1df-O13 hybrid orbitals and the absence of p ‘algboverlap

in the C11-0O13 bond. The local descriptors like ftilaui functions and electrophilicity index of timeolecule were
calculated using the Mulliken charge, Natural ckaagd Hirshfeld charge. The C11 carbon atom imtbé&ecule
IBAP is found to be electrophilic and susceptildenticleophilic attack but in a reduced rate thareoteported
carbonyl compounds because of the presence ofratectonating alkyl groups in the IBAP molecule. The
antifungal activity test of IBAP is also performadd IBAP is found to have increased activity thaa standard
drug due to comparatively higher electrophilicitgéx of IBAP than that of the standard drug.
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