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ABSTRACT

G3XMP2 investigation of amine inversion dynamics of meta and ortho aniline have been studied extensively in this
report. It reveals that ortho substituent decreases the inversion barrier by proximity electrical effects.
Electronegative substituent at the ortho position forms strong intramolecular hydrogen bond with the amine group
and promotes planar configuration. However, electron donating substituent increases the inversion barrier due to
steric effects and causes non-planar configuration. Meta substituent alters the amine configuration based on the
inductive effects. Electronegative substituents present in meta aniline derivative induces planar amine configuration
by negative inductive effects.
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INTRODUCTION

Amine inversion is of greater significance in cheatiand biological interactions. The configuratiohamino
group influences the structure and molecular reitiognprocess of nucleic acidg] Amino group in the nucleotides
often interacts with the DNA bases and moleculateays during the biological process and accoumtstfactural
modification.. Crystallographic database informatltave revealed that the amino group hydrogen atmmform
strong out-of-plane hydrogen bond, so as the amionep nitrogen acts as weak hydrogen bond accépttire
DNA base paif2-4] The out-of-plane hydrogen bond is related torttie-planarity of amino group in DNA bases.
Besides, the earlier ab initio theoretical investiign conducted at 1990’s arrived conclusion of-ptamar amino
group in DNA baseg¢5-6] It is further authenticated by microwave studibst the amino group of aniline is non
planar and lies at an angle between 37° and 46% the plane of phenyl rin@-8] Therefore the investigation of
amino group structure by high level ab initio, DBfMd MP2 level of calculation is inevitable to sobhe subtle
configuration of amine group. Moreover the investign of amine inversion phenomenon will provide=fus
information of drug-receptor interaction, biolodidateractions and molecular recognition processe Ppresent
investigation addresses the ab initio and DFT #trecanalysis of amine group in ortho aniline anetaraniline
derivatives. The salient feature of the orthossitited aniline is the formation of intra moleaukydrogen bond
with the hydrogen atom of the amine group. Anilgubstituted with nitro, carboxyl and hydroxyl grodeserves
special attention, as these groups contain an exgg@m that lies next to the hydrogen of anilindenole, which
has more probability to form an intramolecular foghen bond with the amine group. Since the orthtiuients
are bound to the adjacent position of the sidem;hairious kinds of proximity effects, such asistgoroximity and
electrical effects will play its contribution togtamino group and generally operates on the sidi& ¢hnctiong9].
Hydrogen bonding and other intramolecular intecadiof ortho substituent plays a significant rabetioe structure
of amine group and its inversion dynamif)-11]
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MATERIALS AND METHODS

Computational Method

All the compounds were optimized using the DFT BBU&-31G (2df, p) level of theory using the Gaus<i&n
program[12] The ortho and meta substituted prototype antimdecules were optimized in both planar and non
planar structures. No geometrical constraints viemgosed to obtain the minimum energy structure arfapand
meta anilines. The non-planar configuration ofiarimolecule is made by placing the nitrogen atainod benzene
plane ring; however, for the planar structure thien@ group lies in the plane of phenyl ring. Fregmecalculations
and zero point energies were calculated using BieYB/6-31G (2df, p) level of theory and scaled bg 0.9854
factor. Single point energy calculations were maméng QCISD(T)/6-31G(d), MP2/6-311g++(2df,2p) and
HF/G3XL level of theory. Inversion barrier of odtlaniline and meta derivative anilines were cakeglaising the
composite G3XMP2 theory and its details are avllabthe cited referendé3].

RESULTS AND DISCUSSION
The effect of ortho substituent is expressed im$eof the proximity electrical and steric effeddydrogen bonding

and other intramolecular interactions can be treai® electrostatic interactions. The steric hinceais observed
especially for the electron donating groups maimigarted by the methyl group.

N )
Benzene Plane /

¢ Amine Plane

Fig. 1, Structure of amine group H

Table I, shows the structural parameters of ortho substtaniline. It is interesting to note that nitmdacarboxyl
group at the ortho position forms an interamolechigdrogen bond with amine gro{p4] This intramolecular
hydrogen bond promotes the planarity of the aminabreasing electron delocalization of benzeng.ritt is clear
from table | that the electron withdrawing substituent favordanpr amine structure by forming strong
intramolecular hydrogen bond. However, electronadioig substituents fails to form intramolecular rogen bond
with the amine group and causes non-planar amrmetste. The structure of amine group is showthafig. 1
and it depicts that the nitrogen atom of the angrmup is tilted from the ring plane and the twoirgarhydrogen
atoms are deviated from the nitrogen plane. Thergion angle is denoted as “a”, out of plane aigenoted as
“b” and tilt angle is denoted as ‘c” of amine sture. Inversion angle is the vital structural paeter used to
measure the pyramidalization of the amine group pymmidilization of amine group is shown fig.2. The
asymmetric interaction between phenyl ring and &mmitrogen causes minor deviation of nitrogen afmom the
ring plane and this displacement causes the navapktructure of the amine group.

Effect of substituents on inversion barrier (Orthoaniline)

Electron withdrawing substituents such as cyanwo rdand aldehyde group forms strong intramolechiairogen
bond with the amine group and promotes the plaoafiguration. The structure of ortho aniline is simoin thefig.

3. It is apparent fromtable | that the nitro, aldehyde and methoxy substitugastitally reduces the inversion
barrier from 499.23 cthto 34.65, 26.36 and 37.58 ¢m It indicates that the proximity electrical affe have
substantial effect on inversion barrier. Besidd® electron withdrawing substituent increases djmetric
interaction between amine group and the phenyl, nvigich in turn increases HNH bond angle and actofor
additional planarity of amine group.
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Fig. 2, Amine inversion process, R — is the phengihg

Cyano substituent at ortho position has signifiegfect on inversion barrier and it reduces theibafrom 499 crm

! to 200 crit, imparts planar configuration of amine group. Sitisnts such as chlorine and fluorine have mild
effect on inversion barrier and hence its effestwivial. However, chlorine forms strong intramolilar hydrogen
bond and imparts planar configuration of amine dwmehigher electronegative inductive effect. In soany
electronegative substituents decreases the invetssorier by forming intramolecular hydrogen bonut ahus
causes planar configuration of amine group.

H H
\N/

\
\
\

X

Fig. 3, Structure of ortho aniline, X — is the ortto substituent.

Electron donating substituent increases the ineersiarrier and accounts for non-planar configuratidMethyl
group at ortho position causes steric effect aild fa form strong intramolecular hydrogen bondndeit increases
the inversion barrier to 530 ¢hand causes non-planar configuration of amine grompersion barrier of methyl
group agrees well with the experimental va[aé] of 558 cni, this agreement authenticates the accuracy of
G3XMP2 theory.

Table |
Serial No.| Ortho Substituentls Inversion barrier fgm Bo;'(-iNz;rTglé d ((E\_N) Inversion anglé | Tilt angle® | Out of plane angle
1. H 499 111.16 1.397 42.35 25 44.85
2. -F 492 112.22 1.390 42.31 2.79 45.10
3. -OH 497 112.08 1.350 12.32 2.26 14.60
4. -CH 531 110.95 1.390 43.37 3.00 46.37
5. -CN 201 114.58 1.390 42.93 2.65 45.58
6. -NG, 35 116.65 1.370 31.85 2.02 33.86
7. -Cl 380 113.08 1.370 28.39 3.13 31.51
8. -COOH 391 116.65 1.380 39.14 2.30 41.44
10. -CHO 26 120.82 1.350 10.78 1.05 11.83
11. -NH 1102 109.77 1.400 48.54 3.8 52.34
12. -OCH 37 112.04 1.390 44.69 2.7 47.39

Table | illustrates that the methyl group attains highkraingle of 3 due to high electron density around amine
nitrogen produced by hyper conjugative effect ateric hindrance effect, thus it makes amine stinrechon-planar.
Steric hindrance and hyperconjucative effect ofhylegroup decreases the HNH bond angle to’ Bl thus fails
to form strong hydrogen bond. Amino group at thia@ position increases the inversion barrier teld of aniline
molecule to 1101 cth The massive increase in inversion barrier foinangroup is due to the flow of enormous
positive inductive effect and nucleophilic natufeamino group. The higher electron density aroandne group
decreases the C—N interaction by increasing the B¢ length to 1.4A and also decreases the HNH bhogle to
109, this structural alteration causes highly nomplaamine structure. It is apparent that electrsitpe
substituent due to their inherent positive induetand hyperconjugative effect decreases the HNHl lamgle and
C-N interaction; so it favors non-planar configiomatof amine structure.
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Influence of substituents on inversion barrier (Me& aniline)

Meta substituents have moderate influence on thersion barrier relative to ortho substituents. n&ally meta
substituents exert their effect purely by inductdfiect and thus it lacks interaction with aromatisystem. Nitro
and cyano group at the meta position decreasdsvhesion barrier to 372 cfrand 394 cnt by negative inductive
effects and favors planar amine configurationindteases the symmetric interaction between phémyland amine
nitrogen by decreasing C—N bond distance from 14393 1.38A; so as it flattens the amine structu@hlorine
and fluorine substituents have little effect on ifmeersion barrier and it produces height of 447'@md 462 cn;
which is same as the aniline molecule. Hence fescebn the amine geometrical configuration isléuti Electron
donating substituents enhances the electron deasiiynd amine nitrogen by positive inductive effantl causes
the amine group to deviate from phenyl ring.

H H
\N/

N
N
X

Fig. 4, Structure of meta aniline, x-is the meta dastituent

Hydroxyl group at the meta position attains higweirsion barrier of 654 c It is known fact that hydroxyl group
is electron donating substituent; thus it increabeselectron density around amine nitrogen bytpasinductive
effect and subsequently favors the non-planar gandition of the amine group. The structure of nseflastituted
aniline is shown in thég. 4. Similarly, the methyl group at meta positionogtsomotes non-planar amine structure
by increasing the inversion barrier to 534 tdue to asymmetric interaction between nitrogen gimehyl ring and
their inherent hyperconjugationTable I, clearly illustrates that the amino group at npaition attains higher tilt
angle of 2.57among all eleven substituents and causes higledegmon-planarity. In a nutshell the investigati
concludes that electronegative substituents deeseie inversion barrier by inductive effects aadofs planar
amine structure. On the otherhand electron dogainbstituents increases the electron density dr@mine
nitrogen by hyper conjugative effect and incredbesnversion barrier, accounts for non-planar igumhtion.

Table Il
Serial No.| Meta Substituents  Inversion barrier fm Bo}:;iNe;rTglé d (i_N) Inversion anglé | Tilt angle® | Out of plane angle
1 H 499.23 111.17 1.397 42.35 2.5 44.85
2 -F 462.14 111.65 1.390 41.38 2.39 43.43
3. -OH 372.39 112.29 1.380 38.89 2.37 41.26
4. -Ch 394.41 111.45 1.390 41.94 2.39 44.33
5 -CN 447.26 111.13 1.390 42.68 2.29 44.97
6 -NO, 462.23 112.14 1.380 39.17 2.32 41.49
7 -Cl 534.11 111.75 1.390 40.91 2.41 43.32
8. -COOH 654.60 111.79 1.390 40.53 2.44 42.97
10. -CHO 421.94 111.96 1.390 40.10 2.46 42.56
11. -NH 546.00 110.94 1.390 43.22 2.57 45.79
12. -OChH 540.74 111.08 1.390 42.90 2.54 45.44
CONCLUSION

G3XMP2 investigation of amine inversion dynamics diyho and meta substituent concludes that thetrelec
withdrawing substituent decreases the inversiomidraby strong electron delocalization and negativuctive
effects; accounts for planar amine structure. Mdule electron donating substituents increasesiilersion
barrier by hyperconjugative effect and promotes -plamar amine structure. Ortho substituent formenst
intramolecular hydrogen with the amine group an@arts planar amine structure, whereas meta sufistiéxerts
inductive effect and contributes to the planar ansiructure. Steric effects and electrical effgdtyed a central
role in ortho substituents in promoting flat amsteucture. The symmetric interaction between g#roatom and
phenyl ring increases the HNH bond angle and cauis@sir configuration of ortho aniline derivativééeta aniline
derivative experience negative inductive effect pramotes the planar amine structure. The G3XMR2stigation
of amine inversion dynamics provides useful infatioraabout the configuration of amine group in geenyl ring.
The calculated values agree well with the expertaledata and therefore these findings will haveatge
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applications in biological interactions, proteidding, DNA base paring, drug design and molecuéognition
process.
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