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ABSTRACT

The computational study on the interactions of ipiercid with some indolyl Schiff's bases havingrfdifferent
interaction sites have been carried out by DFT rodthoth in neutral and ionic states, The geomefrihe
resulting charge transfer complex, the actual siténteraction, nature of interactions and coumteise corrected
binding energies, etc. have been determined. Tieeaiction in the ionic state was found to be mucbrger than
the corresponding molecules in the neutral states.
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INTRODUCTION

Non covalent interactions play a dominant role ianpnimportant areas of chemistry, from materialigtg4-4] to
molecular biology[5-10]. A detailed understandinigtioe physical origin and scope of such interactiomclude
hydrogen bonds, ion pairs, the hydrophobic intésast there- Ttinteractions, cationst - interactions [11], etc.

High-level theoretical studies have provided anedigat method for investigating non-covalent iations. Semi
empirical methods, eg. AM1 ab- initio calculatiamd DFT methods with extended basis set such d$G8“have
been used by several authors[12-15]. In many ctsegheoretical predictions have been experimgntallind
correct and in many other cases the work has beemplemented by the computational work.

Given the relevance of non-covalent interactiona tmumber of biological structures there is a sgénterest in the
simple aromatics that models amino acid side chaiiese are benzene (phe), phenol (Tyr),indole(TBmp)
imidazole (His). Of these, indole is clearly strengationf-binder suggesting that Trp may be especially irgrdr
in cationst bindingsuggesting that Trp may be especially irtgrdrin cationr binding[11]. It is interesting that
electrostatic maps [16,17] and quantitative catiotes[18] indicate that the benzene ring is thefigsred cationr-
bonding site over the 5-membered pyrrole type riogvitt and Perutz[19-21] concluded from their dstuof
haemoglobin-drug interactions that aromatic ringa serve as general hydrogen bond acceptors M{ZR&13]
showed that amino acids containing $ybridized nitrogen the stacked geometry is faeduover perpendicular
hydrogen bonding geometry by a 2.5:1 ratio (fig-1)

67
Scholars Research Library



K. K. Srivastava et al Arch. Appl. Sci. Res., 2014, 6 (2):67-75

The stacked arrangement seems especially integdsticause of a possible hydrophobic contributidthcAigh gas
phase calculations indicate that the perpendictigdyogen bonding arrangement of guanidium /benzaieis
more energetically favourable than the stackingranttion, this preference is completely reverseddueous
simulations. A large part of the reversal is domahte better hydrogen bonding to water by the gliani in the
stacked geometry.

Keeping in view the biological importance of thelahe nucleus we investigated the preferred sitintafractions
between picric acid and some Schiffs bases derfveh indole derivatives in 1:1 molecular complexdan
determined the geometry of the complex in the gasestate. Our interest was in determining whethertwo
components form molecular complex in their neustate or in ionic state. The donor has four sitedrfteraction
with the acceptor i) the six membered benzene aifripe indole moiety ii) the five membered pyeaing of the
indolemoiety. iii) the —CH=NH- group and iv) theybgroup attached to nitrogen. Therefore, in trapgr we report
the actual site of non-covalent interaction betwé®n donor and acceptor, the optimization geometnd the
counterpoise corrected binding energies of thegehtitansfer complexes.

MATERIALSAND METHODS

The computational work was carried out on Jaguaepaf the Schrodinger 2012 software on quad covegssor-
3770K, liquid cooling system Corsair H70, 8 GB RAM5S GHz Bio-setting computer. The drawing of thkevant
structures were done with Chem-Draw ultra 8.0 saféwand optimized on Chem3D ultra 8.0.The quantum
mechanical calculations were carried out using EPL-Y-3 method of theory choosing . 6-31 basis set.The
molecule was assigned net zero charge and singléplicity

1.1.Computational details:

The drawing of the structure of the donors anéptars were carried out on the Chem-Draw ultres8fvare and
the structures were transported to Chem3D ultras@8ttivare for optimization. The optimized structud required
donor and acceptor were exported to the Maestrop@riel of the Schrodinger 2012software. The int&rac
geometry between the donor and acceptor, the acmmlcovalent interaction site, the counterpoisgented
binding energies of each of the charge transfer ptexes were implemented on the Jaguar panel usgg i
counterpoise platform. The calculations were dosiegidefaults as prescribed in the manual of therdinger
software 2012. The structures of the charge tramsfimplexes were visualized on the monitor by natitggy on the
workflow menu of the Maestro 9.3 as a result of skhinanage surface dialog appears through whicletates
were imported and visualized. The measurement efdtetances between different atoms and the dihadgles
between the two components were measured usingéseribed procedure in the manual.

In the present study three donors having structure

where Z= H, OCH, NGO, and acceptor picric acid were used for the thealetalculation of 1:1 charge transfer
complex similarly the protonated form of the abdkiece donors were used to study their interactioite the

phenolate ion derived from picric acid.
Z
J o
\ .L

RESULTSAND DISCUSSION

The energy of HOMO and LUMO, energy gap between HIDBhd LUMO and the gas phase energy of Picric
acid(la), 2,4,6-trinitrophenolate(1b),(E)-1-(1H-oh-yl)-N-phenylmethanimine(2a), (E)-1-(1H-indoly®-N-(4-
methoxyphenyl)methanimine (2b), (E)-1-(1H-indol43-M-(4-nitrophenyl)methanimine(2c), (E)-N-((1H-iod3-
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yl)methylene)benzenaminium (3a), (E)-N-((1H-inde{ddmethylene)-4-methoxybenze- naminium(3b), (EJ{NH-
indol-3-yl)methylene)-4-nitrobenzenaminium(3c), {E)1H-indol-3-yl)-N-(4-methoxyphenyl)methanimine
compound with picric acid(4b), (E)-1-(1H-indol-33M-(4-nitrophenyl)methanimine compound with picric
acid(4c), (E)-N-((1H-indol-3-yl)methylene)benzenainim  2,4,6-trinitrophenolate(5a),  (E)-N-((1H-ind®i-
yl)methylene)-4-methoxybenzenaminium 2,4,6-tripptrenolate(5b), (E)-N-((1H-indol-3-yl)methylene)-4-
nitrobenzenaminium 2,4,6-trinitrophenolate(5c) \halculated by DFT method appear in Table-1. Tiréases of
HOMO’s and LUMO'’s of the acceptors and donors apjredhe Figure2 while that of charge transfer ctarps
appear in Figure.3. The counterpoise correctiontaaaorrected binding energies of the Charge team®mplexes
4(a-c) and 5(a-c) appear in Table.2. The structpaaameters namely the atomic distances and treglidihangles
between the two components of the charge transi@plexes formed between donor and acceptor iméogral
state 4(a-c) and the donor and acceptor in ioratest5(a-c) appear in Table-3 and Table-4 respgfihe
interactions are mainly mainly electrostatic inurat except 5b where hydrogen bond was also fonite: tpresent.
From the perusal of the Table-2 it appears thatcttege transfer complex formed in ionic states62@&9 times
strongly bonded than the CT complex formed in thetral states of the donor and acceptor in whiehdibnor aryl
group is unsubstituted . If the donor aryl groupusstituted by OCHor NG, group then the counterpoise corrected
binding energies of the CT complexes formed in dostates are 64.14 and 86.16 times higher than the
corresponding CT complexes formed in the neutedkst So, the formation of the CT complex in thedstates of
donor and acceptor is favorable in the order sN@CH;> -H . But, if viewed in isolation the binding enees of
the CT complexes in 4(a-c) is in the order —H>-Q&O,. Similar order is also observed in case of the CT
complexes 5(a-c) formed between ionic states ofltr®rs and acceptors.

In case of interaction in (4a), Schiff’'s base @40 of the NQ group located at the para position is attracteith¢o
- electron of the pyrrole ring of the indole mgieThe two molecules are almost perpendicular tth esher and
the 034 of the other nitro group is attracted toe thphenyl ring of the Schiffs base.
The visualization of the surface of the complel)(#evealed that the picric acid molecule is pediarar to the
indole moiety. O11 is attracted to N2 of Schiff's base, C3 of metheubstituted aryl group, C11 of pyrrole ring

0
and C13 of six membered ring of indole and sitdaea distances of 2.671,3.307,4.030 and 3A0fespectively
In (4c), the complex O32 of OH of picric acid i®skst to N2 of C=N of Schiff's base. The distanetveen 032

0 0
and N2 is 3.5@A and O41 of p-nitro of picric acid is situatedaadistance of 3.6@A from C15 of six membered
ring of Indolemoiety.while aryl group attached wiichiff's base is located outside showing no irdgoa. The
indole moiety is looking like1-stacking with picric acid moiety.The C14 of indot®lecule and C43 of picric acid

0
is situated at a distance of 3.681

0
In (5a) the O37 of the acceptor islocated at tadie of 2.342 from H20 of donor. The O37 is also attracted to

0
the un-substituted ring and also to the aryl rifigh® indole moiety; the distance being 3.094 artk3 A
respectively he complex (5b), point of inter mollecwattraction is similar, but H18 and O41 are loggm bonded .
In (5¢) The pattern of interaction is reversed; @éon is now on opposite side and the donor isetéd towards
the acceptor through the oxygen atom of the wjtoup located at the paracarbon of the phenadbate i

The site of interactions:
0
In 4a the O35 of the nitro group is located atstatice of 3.305A from C6 of the aryl ring attached to nitrogen of
0
the donor, the O40 of the p-nitro group is locaté¢c distance of 3.648 from C10 of the pyrrole ring of the

0
indole moiety. C36 is separated from C8 at a diestasf 3.913A . The third nitro group does not experience any
attraction with the donor. The donor and acceppomfa V-shaped CT complex. So, the point of intéoas are
varying, but the interaction of the orthonitro goowith the isolated aryl ring is maximum.

The complex(4b) picric acid and six membered rifigndole moiety are held througit-Te interaction. They are
0
situated at a distance ofabout A.&om the acceptor. The p-methoxy phenyl grouptisated far away from the
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acceptor. The 043 of N@roup is closer to N9 of pyrrole ring of indolemty of the Schiff's base; the distance
0
being 3.29A while one of the o-nitro group of picric acid isarer to C=N of the Schiff's base. The distance

0
between N48 of the o-nitro group of picric acid amaf C=N is 3.69A . Thus complex formed in this case has
binding enrgy of -1.10 kcal/molis mainly ofa&t complex between a six membered benzene ring oféntdoiety
and picric acid moiety.

The binding energy of the complex4c is lowest©@8dal/mol). In this complex O32 of OH of picric dds nearer
0
to N2 of C=N of Schiff's base. The distance betw@38? and N2 is 3.58 and 041 of p-nitro group of picric

0
acid is situated at a distance of 3.80from C15 of benzene ring of Indole moiety while f-nitro phenyl group
attached with Schiff's base is located outside shgwo interaction. The indole moiety is appeaks fi-stacked

0
with picric acid moiety.The C14 of indole molecaled C43 of picric acid are situated at a distarf&651A .

Thus picric acid is mainly attracted to benzene rof indolemoiety and C=N of Schiff's base throughm
interaction.

Among the three ionic complex (5a) has the showiighest corrected binding energy (i,e. 71.96kcallthe
pattern of binding and interaction sites are déferfrom the corresponding complex 4a in neutratest The
CTcomplex has almost T-shaped appearence. T3ie @ phenolate ion is highly attracted to Ngtoup of Schiff's

base. The distance between H18 and O37 is fouhd th.622a . The other nitro groups are also closer to N2 .The

040 and 045 of ortho nitro group are at a distaoic®.787» and 4.634a while p-NO2 group shows no
interactions/influence on the interaction siteshef donor moiety.

Among all studied complexes, (5b) shows second dsglbinding energy. It has intermolecular H-bonding
betweenO41 and H18 also. The visualization ofstiméaces of the complex indicates that the piccid anoiety is
almost perpendicular to the imine group of the danolecule. The geometrical details appear in Table

The complex 5c¢ has binding energy of -59.31 kcal/na the pattern of binding is reversed as th® @3now
situated on the opposite side .The acceptor iacittd through oxygen atom (0O44) with C10 of thergdgrring of
the indole moiety. The two rings are slanting toheather. The other geometrical details appeasmind 4.
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Figurel. Side-chain structuresfor amino acidsinvolved in amino-aromatic interactions. Prototypical, limiting geometriesar e shown.
Structuresareillustrative only, and ar e not intended to indicate preferences for particular geometriesor combinations of amino acids.
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Picric acid(1a)

2,4,6-trinitrophenolate(1b)

(E)-1-(1H-indol-3-yl)-N-phenylmethanimine(2a)

(E)-1-(1H-indol-3-yl)-N-(4-methoxyphenyl)methaninei(2b)

(E)-1-(1H-indol-3-yl)-N-(4-nitrophenyl)methaniminag)

(E)-N-((1H-indol-3-yl)methylene)benzenaminium(3a)

(E)-N-((1H-indol-3-yl)methylene)-4-methoxybenzenaiaim(3b)

(E)-N-((1H-indol-3-yl)methylene)-4-nitrobenzenarim(3c)

Figure 2. Picture of HOM O,L UM O of multidonorsand aceptor molecules calculated by DFT method
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(E)-1-(1H-indol-3-yl)-N-phenylmethanimine compouwith
picric acid(4a)

(E)-1-(1H-indol-3-yl)-N-(4-methoxyphenyl)methaningin
compound with picric acid(4b)

(E)-1-(1H-indol-3-yl)-N-(4-nitrophenyl)methanimine
compound with picric acid(4c)

(E)-N-((1H-indol-3-yl)methylene)
benzenaminium 2,4,6-trinitrophenolate(5a)

(E)-N-((1H-indol-3-yl)methylene)-4-methoxy
benzenaminium 2,4,6-trinitrophenolate(5b)

(E)-N-((1H-indol-3-yl)methylene)-4-nitro
benzenaminium 2,4,6-trinitrophenolate(5c)

Figure3. Pictureof HOMO,LUMO of CT-complexesin neutral and ionic states calculated by DFT method
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Table 1. Energy of HOMO, LUMO, energy gap and gas phase energyof Donors, acceptorsand CT-complexesin eVcalculated from DFT

method
Title Gas Phase Energy HOMO LUMO  Energy gap
Picric acid (1a) -25060.7062 -8.2233  -3.9076 -4.3157
2,4,6-trinitrophenolate(1b) -25046.7848 -2.9334 0.6585 -3.5919
(E)-1-(1H-indol-3-yl)-N-phenylmethanimine(2a) -18730.7794 -5.3062  -1.2109 -4.0953
(E)-1-(1H-indol-3-yl)-N-(4-methoxyphenyl)methaningi(2b) -21847.1949 -5.0729  -0.9591 -4.1138
(E)-1-(1H-indol-3-yl)-N-(4-nitrophenyl)methanimin2g) -24295.5860 -5.8088 -2.3724 -3.4364
(E)-N-((1H-indol-3-yl)methylene)benzenaminium (3a) -18741.8109 -9.4886  -5.9647 -3.5239
(E)-N-((1H-indol-3-yl)methylene)-4-methoxybenzenaimim(3b) -21858.3081 -8.8410 -5.7144 -3.1266
(E)-N-((1H-indol-3-yl)methylene)-4-nitrobenzenamini(3c) -24306.1966 -9.9267  -6.4246 -3.5021
(E)-1-(1H-indol-3-yl)-N-phenylmethanimine compouwith picric acid(4a) -43791.7468 -5.4042  -3.8477 .55B5
;Ii)i(—j:t;l(;.)H—|ndol—3—yl)—N—(4—methoxyphenyl)methanmrcompound with picric -46908.1107 52681 -3.5647 -1.7034
(E)-1-(1H-indol-3-yl)-N-(4-nitrophenyl)methanimireompound with picric acid(4c) -49356.5679 -6.16613.7252 -2.4409
(E)-N-((1H-indol-3-yl)methylene)benzenaminium 2 4rhitrophenolate(5a) -43791.9863 -6.1334  -2.7647 -3.3688
(E)TN—((lH—lndoI—3—yI)methylene)—4—methoxybenzenamm 2,4,6- -46908.4290 6.0790 -2.6313 .3.4477
trinitrophenolate(5b)
(E)-N-((1H-indol-3-yl)methylene)-4-nitrobenzenamini 2,4,6-trinitrophenolate(5c) -49355.8033 -5.76613.8314 -1.9347
Table.2. The corrected binding ener gy(E), counter poise (CP) for different complexesby DFT calculations
Counterpoise corrected E+CP
Correction Binding Energy(E)
(kcal/mol) (kcal/mol)
(E)-1-(1H-indol-3-yl)-N-phenylmethanimine compouwith picric acid(4a) 3.673344 -1.153324 2.52002
(E)-1-(1H-indol-3-yl)-N-(4-methoxyphenyl)methaningrtompound with picric acid(4b) 4.403097 -1.096568 3.306529
(E)-1-(1H-indol-3-yl)-N-(4-nitrophenyl)methanimireompound with picric acid(4c) 4.172418 -0.688337 483081
(E)-N-((1H-indol-3-yl)methylene)benzenaminium 2 4;Bitrophenolate(5a) 5.584145 -71.958473 -66.2813
(E)-N-((1H-indol-3-yl)methylene)-4-methoxybenzenaimim 2,4,6-trinitrophenolate(5b) 5.700354 -70.33720  -64.636849
(E)-N-((1H-indol-3-yl)methylene)-4-nitrobenzenamini 2,4,6-trinitrophenolate(5c) 5.042796 -59.307258 -54.264462
Table.3Intramoleculargeometrical parametersof the CT-Complexesin neutral states calculated by DFT method
4a 4b 4c
N2-030 7.073 N2-034 4.410 N2-032 3.505
N2-H46 7.610 N2-H50 4.029 N2-H48 -3.419
N2-N38 4.686 N2-N37 6.108 N2-N35 4.847
N2-N33 5.798 N2-N47 3.613 N2-N40 6.368
N2-N43 7.271 N2-N42 6.279 N2-N45 3.789
C32-C7 4.256 C35-C13 3.853 C38-C14 5.056
C37-C8 4.689 C35-C11 4.348 C14-C11 3.947
C32-C11 6.470 C35-C3 5.109 C3-C8 4.139
030-C5 5.485 034-C3 4.925 032-C8 3.256
030-C11 8.252 034-C11 5.064 032-C10 5.308
030-C13 9.705 034-C13 4.293 032-C13 5.146
Dihedral angle.
C32C36C3N2 136.9 C35C46C17N2 172.2 C38C34N2C1 173.
C8C3C36C37 134.9 C35C46N2C3 -101.8 C38C34C8C7 120
C10C11C36C37 445 C35C46C16C15 -16.8 C38C34C14C137.9
C15C14C36C37 295 C35C46C3C8 -137.7 C38C34C12C1137
Tabled. Intramolecular geometrical parameter s of the CT-Complexesin ionicl states calculated by DFT method
5a 5b 5¢c
0O37-N2 2.649 041-N2 2.671 039-N2 7.833
037-H18 1.622 041-H18 1.1647 039-H18 8.535
N2-N38 3.862 N2-N48 5.260 N2-N40 5.910
N2-N44 5.241 N2-N42 3.911 N2-N43 4.685
N2-N41 7.8 N2-N45 7.944 N2-N46 8.086
C36-C14 4.017 C40-C1 4.9945 C33-C7 6.172
C36-C1 5.030 C40-C3 5.064 C33-C1 6.522
C36-C3 4.909 C40-C11 5.001 C33-C10 7.228
037-C3 3.295 041-C4 3.050 039-C1 7.628
037-C13 3.123 041-C13 3.109 039-C4 7.948
037-C11 4.052 041-C11 4.030 039-C10 8.422
Dihedral angle
C31C37N2C1 46.6 C35041N2C1 84.0 0O39C33C1N2 8.3
C31037C3C4 80.8 C35041C4C3 121.3 039C33C8C7 224
C31037C15C14  39.1 C35041C11C12 64.2 O39C33N9C173.1 4
C31037C12C17 16.6 C35041C13C14 374 039C33C13C140.5
74
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CONCLUSION

From the comparison of the counterpoise correctedity energies of the CT-complexes it is cleart ttee

donorindolyl Schiffs bases and the acidic acceptoric acid forms charge transfer complexes inrth@iic states
much strongly than in their neutral states. Thesstution in the aryl ring attached with the nitesgof the Schiff's
base lowers the binding energy irrespective offtflee that the complexation occurs in the neutralest or in the
ionic states. The two rings in the charge transtenplexes are in different planes in all the ca¥ée interaction
sites between the donors and the acceptors arestalsniural dependent. In 4a, 4b and 4c the twopoments are
attracted throughe T interaction. In 5a, 5b and 5c¢ bath Ttinteraction and electrostatic attraction are exgneed,;

only in 5b intermolecular hydrogen bonding alsouwsc
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