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ABSTRACT

In this work the correlation between hardness and basicity (pK ) of sub-
stituted anilines and N-Alkylated anilines has been studied. The hard-
nessvaluesof PhNH,, 0-, m-, and p- substituted NH,-PhNH,, Me-PhNH,
CI-PhNH,, NO,-PhNH, and N-alkylated anilines (PhNHMe, PhNHEt,
PhNHPh) have been calculated using Koopmans’ relation. The calcula-
tion of the energies of HOMO & LUMO of the above compounds has
been done semi-empirical quantum mechanically (usngAM1 & PM 3 semi-
empirical Hamiltonian) withthe help of ArgusLab4.0 software. It isfound
that hardness value of aniline decreases along with substitution. The
high correlation between pK , values and hardness of substituted anilines
and N-Alkylated anilines indicate the hardness bears direct relationship
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to the basicity of substituted anilines.
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INTRODUCTION

Thebasicity of organic compoundsisanimportant
factor to explaintherateof dimination (E) or substitu-
tion (S) reactionin organic chemistry. Theinfluence of
base on thed i mi nati on-subgtitution competitionhasd o
been explained intermsof basicity of the organic sub-
strates or reagents.

Itiswell-known that thevariation basicity or acid-
ity of the substituted organic compoundswith refer-
enceto themother compoundsareexplainedinterms
of inductiveeffect (1), resonanceeffect (R), steric effect
etc. of the substituent groups. For example, thebasici-
tiesof o-, m-, p- substituted anilines, areexplained in

termsof R- & |-effect, whereasthesteric effectisim-
portant factor to explain the basicities of N-alkylated
anilinesderivatives. Asanilineisawesk baseduetoits
strong resonance effect, the basicity of itsisindicated
by the pK , value of itsconjugate acid (C;H,N"H.) as
follows-

CHNH, > CHNH,+H*

_[CeHsNH,I[H"]
a”  [CgHsNH3]

[CeHsNH,][H"]

PK,=-log [CeHsNH3]
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UnlikeanilinethepK  valuesof anilinederivatives
aremeasured using equation (1). ThepK _ values™ of
aniline derivatives (TABLE 1) show that all the
nitroanilines are weaker basesthan aniline. The de-
creased basicitiesof 0- & p-nitroanilinesareexplained
intermsof strong -R effect, whereasthe basicity of m-
nitroanilineisexplained intermsof strong -1 effect of
the electron-attracting—NO, group. Inthe sameway
the decreased basicity dueto halogen atomsin thering
areexplainedintermsof -1 effect of halogen atom.

Thedectron-releasingmethyl groupintheringin-
creases the basi city of aniline derivatives, more so
from the o- & p-position than from the m-position
(TABLE 1), dueto the higher el ectron densities at the
carbon atoms, 0- & p- to the—Me group and conse-
guent decreasein the resonance effect, but compara-
tively lower el ectron density at the C-atom, m-to the
-Megroup and subsequent increasein the R-effect.

Again, thephenomenon of stericinhibition of reso-
nance are used to explain the fact that N-Alkylated
anilinesarestronger basesthan aniline(TABLE-1). It
may be expected that the opposite to be true, since
akyl groupshavea+l effect and consequently increased
resonance effect. Also, sincean >N-Et substituent in-
creases the basi ¢ strength more than an >N-Me, the
observed results cannot be explained onthe basi s of
polar effects. The explanation offered isthat asteric
effect operates dueto the ortho effect. Sincethe ethyl
groupislarger thanthemethyl, thestericeffect isgreater
for theformer, and hencethereisgreater stericinhibi-
tion of resonanceintheformer. Thus, intheformer, the
lonepair ontheN-atomismoreavailablefor protona:
tion, and consequently the basicity of N-ethylanilineis
greater thanthat of N-methylaniline.

It can be mentioned that to explain the basicity of
theanilinederivativesintermsof R, | or thesteric effect
of therespective substituent groups, one should make
the knowledge of each substituent groups separately.
Thisdifficulty motivatesto seerch asingle parameter of
those compounds by which their basicity can be ex-
plained generdly.

In the context of Hard-Soft-Acid-Base (HSAB)
principle, Klopman et d 12 suggested that basicity bears
adirect relationship to the hardness of abase. Consid-
ering bas city inthe Brensted sense (proton affinity) and
takinginto account that the proton ishard, the basewill

Physical CHEMISTRY o

TABLE 1: - pK, valuesof o-, m- & p-substituted aniline
derivativesand N-alkylated anilinederivatives.

Subsistent pKa

in PhNH., o e >
-Me 4.39 4.69 5.12
-NO, -0.29 2.50 1.02
-Cl 2.64 3.34 3.98
-NH, 4.47 4.88 6.08
PhNH, 4.58

PhNHMe 4.85

PhNHEt 511

PhNHPh 0.9

show increasing proton affinity asitshardnessincreases.
Thusit isexpected from equation-(1) that there may be
acorrelation between the pK  values & hardness of
anilinederivatives. Moreover therole of HSAB prin-
ciple hasnot been studied in detailsto explain theba-
sicity of anilinederivatives. Therefore, inthis present
paper an attempt has been madeto calculatethe hard-
nessof theanilinederivativesandto set upthecorrda
tion between thehardness & pK _ vauesof theaniline
deriveives.

Theanilinederivatives studied hereareo-, m- &
p-isomers of PhNH, NH_-PhNH,, Me-PhNH, ClI-
PhNH,, NO,-PhNH, and N-alkylated anilines
(PhNHMe, PhANHEt, PhNHPh).

Itisexpected that thisstudy will helptoexplainthe
variation of basicity (pK , vaues) of anilinederivatives
intermsof hardnessasasingle parameter.

Calculation

Inthe context of DFT the exact definition of hard-
ness(n)®4 isthechange of chemical potentia (w) with
respect the number of electrons(N) i.e.

_1(5_11
M =2(aN),

Theoperationd definition of hardness*™ () is,

I-A
n=5- @
where, ‘I’ & ‘A’ are the ionization potential & electron
affinity of themolecules, respectively.

According to Koopmans’ theorem!*®, the molecul ar
frontier orbita (HOMO and LUMO) energiesaregiven
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"€ omo = | aNd "€ umo ~ A

Thus, fromequation- (2),

n :-‘JLUMO‘ZGHOMO 3)
Theenergiesof HOMO & LUMO of theaniline

derivative have been cal cul ated semi-empirica quan-

tummechanicaly (AM1& PM3semi-empirical Hamil-

tonian) withthehelp of Arguslab4.0 softward®$19, The

following three steps have performed -i) drawing of the

—= Pyl Peper

moleculesusingArguslab4.0 Molecular Builder, (ii) op-
timization of the geometry and (iii) cal culation of the
energiesof molecular orbita. The cal culated hardness
vauesareshowninTABLE 2.

DISCUSSION
TABLE 2 showsthat hardnessvaluesof o-substi-

tuted anilinearelower that that of aniline. Thedecrease
of hardnessval ue of o-substituted anilineindicatesthe

TABLE 2: Theenergiesof HOM O & LUMO and thecalculated har dness(n) valuesof thesubstituted anilinesand N-alkylated

anilines.
AM 1 Semi-empirical hamiltonian PM 3 Semi-empirical hamiltonian
Molecules
gHomo (aU.) gLumo(aU.) n@u.) gHomo (aU.) gLumo (aU.) n@u.)
PhNH, -0.34809 0.013549 0.180819 -0.353885 0.008207 0.181046
0-NH»-PhNH, -0.345164 0.010116 0.17764 -0.350753 0.004767 0.17776
0-Me-PhNH, -0.339235 0.015095 0.177165 -0.345213 0.000821 0.177517
0-ClI-PhNH, -0.346564 0.003652 0.175108 -0.343008 -0.001253 0.170877
0-NO,-PhNH, -0.379818 -0.036234 0.171792 -0.372874 -0.046183 0.163345
m-NH,-PhNH, -0.346976 0.010032 0.178504 -0.353598 0.004507 0.179052
m-Me-PhNH, -0.343445 0.013845 0.178645 -0.348573 0.008658 0.178615
m-Cl-PhNH, -0.352321 0.000828 0.176574 -0.350166 -0.003392 0.173387
m-NO,-PhNH, -0.379842 -0.040602 0.16962 -0.376919 -0.043914 0.166502
p-NH»>-PhNH, -0.342425 0.007295 0.17486 -0.350103 0.002306 0.176204
p-Me-PhNH, -0.337777 0.012679 0.175228 -0.343885 0.007849 0.175867
p-Cl-PhNH, -0.346691 -0.000239 0.173226 -0.346647 -0.003739 0.171454
p-NO,-PhNH, -0.384149 -0.042708 0.170720 -0.380672 -0.045233 0.167719
PhNHEt -0.309455 0.024376 0.166915 -0.315192 0.01567 0.165431
PhNHMe -0.308874 0.024429 0.166651 -0.31364 0.015649 0.164644
PhNHPh -0.303493 0.007402 0.155447 -0.313515 0.004512 0.159013
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Figurel: Correation between hardness& pK , of theo-substituted anilinesin (A) UsngAM 1 semi-empirical hamiltonian &

(B) Using PM 3 semi-empirical hamiltonian.
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TABLE 3: Correlation equations (pK , = mn +c) for substi-
tuted and N-Alkylated anilines

Substituted AM 1 Semi-empirical PM?3 Semi-
- S empirical
anilines hamiltonian b .
hamiltonian.
m c r m c r

ortho 571.05 -97.64 0.91 29811 -47.18 0.98

meta 216.35 -34.26 0.90 196.14 -25.72 0.93

para 238.59 -45.32 0.57 29155 -46.48 0.75

N-alkylated ~ 360.17 -55.09 0.99 672.89 -106.08 0.99

proton affinity of anilineisdecreased dong with substi-
tution in ortho position. Like o-substituted anilines, m-
and p- substituted anilinesand N-Alkylated anilineare
soft moleculescompareto aniline.

It may be noted that the decrease of hardnessis
maximum incase of NO,-PhNH, and follows the se-
quence Cl-PhNH,>Me-PhNH, > NH_-PhNH.,. Simi-
larly, therelative order of hardnessvalue of N-Alky-
lated anilinesfollowsthe sequence PANHEt > PhNHMe
> PhNHPh.

Figure 1 showsagood linear correl ation between
hardness & basicity (pK ) of the o-substituted aniline
derivativeswith the corresponding correl ation coeffi-
cient,r=0.91 (usngAM 1 semi-empirica Hamiltonian)
and with the corresponding correlation coefficient, r =
0.98 (using PM 3 semi-empirica Hamiltonian).

TABLE 3 showstheresultsof linear correlation
analysisbetweenthe pK _ valuesand hardness of sub-
dtituted anilinesand N-Alkylated aniline. It isobserved
the pK , valuesand hardness of o0- and m- substituted
and N-alkylated aniline show good correl ation coeffi-
cient whileit isappreciablesmaller for p-substituted
aniline. The calculated pK _vaues(TABLE 3) of sub-
stituted and N-Alkylated aniline using the equations of
TABLE 2arein conformity with literatureva ues.

CONCLUSION

Theresultsof the analysis show that hardness of
aniline decreases along with substitution in any posi-
tion. Thehigh correlation between pK _ valuesand hard-
ness of the o-substituted anilineand N-akylated aniline
supportstheoriginal ideathat basicity of moleculein-
creases with hardness. The similar studies by F.
Mendez! showsthat the high correl ation between pK
values and hardness of the substituted phenol. The
agreement between the present cal culated resultsfor

TABLE4:ThepK_ (Expt.) & pK, (Calc.) valuesof theof the
substituted anilinesand N-Alkylated anilines.

pK4(Calc) pK 4(Calc)

M olecules pK A(Expt.) ('zr'\n/lpllrsligl (F;m;ml

hamiltonian)  hamiltonian)
PhNH, 4.58 5.61 5.16
0-NH,-PhNH, 4.47 3.80 421
0-Me-PhNH, 4.39 3.53 414
0-CI-PhNH, 2.64 2.36 222
0-NO,-PhNH, -0.29 0.46 0.04
m-NH>-PhNH, 4.88 4.36 4.56
m-Me-PhNH, 4.69 4.38 4.49
m-Cl-PhNH, 3.34 3.94 3.60
m-NO,-PhNH, 2.50 243 2.44
p-NH,-PhNH, 6.08 4.21 4.65
p-Me-PhNH, 5.12 4.23 4.55
p-CI-PhNH; 3.98 3.64 3.30
p-NO,-PhNH, 1.02 291 2.24
PhNHEt 511 5.02 524
PhNHMe 4.85 4,93 4.71
PhNHPh 0.90 0.89 0.92

anilinederivativeswith previoudy reported results” for
other molecules additionally supportsthe correlation
between hardnessand pK , vaues.

Admittedly, alargenumber of Smilar substituted anilines
haveto examinevery precisely usng beforearriving at
agenera conclusion. If these results agree with our
present finding, we can concludethat variation of ba
scity of anilinescanbeexplaned moregenerdly interms
of hardnessparameter only and someof thecorrelaion
discussed here can be used to predict the pK_ value
from hardness.
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