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ABSTRACT

Multiple regression analysis was used for the calculation of pKa values of 15 substituted benzal doximes by using
various types of descriptors as parameters. These descriptors are based on quantum mechanical treatments. They
were derived by employing semi-empirical calculation represented by the PM3 model and an Ab initio method
expressed by Hartree-Fock (HF) model performed at the 6-311 G (d, p) level of theory. The parameterstested for their
ability to represent the variations observed in the experimental pKa(s) are atomic and structural propertiesincluding
Muliken charges on the atoms of hydroxyl group and C=N bond, the angle C-C -C,, and length of O-H bond.
Molecular propertiesarea so used like energiesof HOM O and LUMO orbitals, hardness (1), chemical potentia (),
total energy, dipole of molecule, and electrophilicity index (W). Therelation between pKavalues and each of these
parameters of the studied compounds in investigated. Depending on these relations, two sets of parameters were
constructed for comparison between the PM 3 and HF methods. The results obtained favor the Ab initio method for
such applications although both models proved to have high predictive power and have sufficient reliability to
describe the effect of substituents on pKa values of benzaldoxime compounds under consideration which is clear
from the values of correlation coefficient R? obtained and the consistency between the experimental and the calcu-

lated values. © 2011 TradeSciencelInc. - INDIA

INTRODUCTION

Oximesarewd | known compoundswithagenerd
functiond group (-C=N-OH). They arethe condensa-
tion productsof hydroxyl amineswith adehydes (form-
ingadoxime), ketones (forming ketoxime), or quonone.
The aldoxime exists only as a syn isomer, where as
benza doximeas(arometic ddoximes) existinsynand
anti isomers. Thesetwo geometrical isomershavevery
different properties.

Oximesarevery important compounds. They have
wide application and wereused invariousfields. They
were used as analytical reagents. Cyclohexanone
oximeisconverted into itsisomer epsilon-caprolactam

which representstheraw materia for the synthesis of
nylon-6. The amides obtained by Beckmann rear-
rangement can be converted into amineby hydrolysis,
which could be employed as starting material sfor the
manufacture of dyes, plastic, fibersand pharmaceuiti-
cds.

Oximes can be used as ped -preventing additives
inpaintsand lacquers. They act asantioxidantsagainst
oxidativedrying materid swhich form sticky skinwith
ar oxygen.

Another effect of anti-skinning offersdryingtime
delay which can beused informulating paints. Oximes
area s0 used aschemica building block for the synthe-
sisof agrochemicalsand pharmaceuticals.
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In medicinegpplication, oximestructureisfoundto
be effectivein cholinesterase reactivatorsto treat the
poisoning by organo-phosphates?.

Oximesareused asligandsintrangtion meta com-
plex catalyst chemistry. Oxime actsasanti oxidant,
radical scavenger whichfound applicationsintextile,
plastic, paint, detergent, and rubber industry. They
havetherefore, long been the goal of many research-
ersindifferent areas of chemistry. The knowledge of
pKavalues provides abasisfor understanding the
chemical reactions between the compound of inter-
est and pharmacological target. Additionaly, they play
amajor rolein acid-basetitration, complex forma-
tion and many other analytical procedures®. ThepKa
value of acompound istherefore, avery important
chemical phenomenon (among others) that influences
many characteristicssuch asitsreactivity and spec-
tral properties. Itsimportanceliesin that such value
isaffected by the nature and | ocation of substituents
present on the compound®. The pKa values are
therefore sensitiveto the variation of inductive effect
(which may result from formal charges or dipole
within amolecule) and steric effect that arise from
gpatia interaction between adjacent groupswithinthe
molecule. Since such effects can be evaluated by
guantum chemical methods®'Y, certain parameters
might serve as useful descriptorsfor understanding
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the physical and chemical effects of substituentson
the pKavalues of the benzal doxime compounds un-
der consideration.

In order to find how far experimental finding are
reflected intheoretica predictionsand what kind of in-
formation can be extracted from suchinvestigation, the
present work examinesthe applicability of quantum
chemica parametersderived from PM 3 and HF meth-
odsasdescriptorsfor substituents effectson the pKa
values of benzaldoximes. Severd setsof parameters
werederived for thetheoretical predictiveof pKaval-
uesby regression analysis.

METHODS

Inorder to determinethe conformation of thelow-
est energy for each molecul e of thefifteen benzadoxime
compoundslistedin TABLE 1, full geometrical optimi-
zation was carried out at thelevel of semi-empirical
PM3 methodsaswell asHartree-Fock (HD) using gra-
dient technique™ 4 and 6-311 G(d,p) basisset. At the
semi-empirical PM3level, geometriesof al possible
conformerswereoptimized, whileAbinitio[HF/6-311
G(d,p)] optimization was performed only for the most
stable conformer found with PM3 method. Inall cases,
the completion of optimization in order to ensure ob-
taining geometry with minimum energy wasexamined.

TABLE 1: Sructureand experimental pK avaluesof the benzaldoximesconsidered for thisstudy

Compd. Name Exp. pKa Compd. Name Exp. pKa
H H
C\\N,OH _ O,N C\\N,OH
©/ Benz'czlg)ox'me 11.195 \©/ m-NO, 10.733
H H
C\\N,OH F C\\N,OH
0-OCHjs 11.858 \©/ m-F 10.490
OCHjs
H H
C\\N/OH C\\N,OH
0-NH, 11.577 p-OCH; 11.875
NH, HsCO
H H
C\\N,OH C\\N,OH
0-NO;, 11.503 p-NH,
NO, H,N
H H
CY OH C\\N,OH
@ o-F 10.578 /©/ p-COOH 6.866
HOOC

Hn Tndéan g%wumé



42 Statistical study for the prediction of pKa values of substituted benzaldoximes

PCAIJ, 6(1) 2011

Full Paper ==

Compd. Name Exp. pKa Compd. Name  Exp.pKa
H H
H3CO C\\N,OH C\\N/OH
\©/ m-OCHj; p-NO, 10.366
O,N
H H
HoN C\\N,OH C\\N/OH
\©/ m-NH, /©/ p-F 10.930
F

H
HoOC Cy, ~OH
\©/ m-COOH

Theoptimized geometrieswere used for evaluation
of naturd atomic chargesand structura parameterssuch
astotd energy (TE), dipolemoment (DM), Angles, O-
H bond length, the highest occupied molecular orbital
energy (E o), thelowest unoccupied molecular or-
bital energy (E,,,o)- Thevauesof E,,,adE .
were used for the cal cul ation of other molecular prop-
erties, namely; hardness (n)™*°, chemical potential
(w)1¢, and electrophilicity index (W) asillustratedin
thefollowing equation:

n= (EHOMO + ELUMO)/2 €
n= 172 (EHOMO - ELUMO) (2)
W =p2n &)

The Chem. Office Program (V.11, 2008 of Cam-
bridge Software, USA) was employed for the perfor-
manceof conformationd analysisand determination of
fina equilibrium geometriesand thecaculationsof al
the quantum chemical descriptors.

Multiplelinear regression (ML R)8

MLR analyseswere carried out in order to corre-
latethe experimental pKavauestothedectronicand
structural variablesobtained by quantum chemica cd-
culations. TheMLR can beexpressed by thefollowing
equation:
pPKa=b+Xax @
Wherebisaconstant and representsareferencevaue,
X, (s) the parameters selected for theregression and g
(9) thecoefficients of the parameters. The MLR calcu-
lationswere performed by the SPSS package V.12 for
windows. Thecorrdation coefficient (R) and sandard
error (SE) wereutilized asanindication of thelinearity
and stability of the chosen mode.

Physical CHEMISTRY o

RESULTSAND DISCUSSION

Theassessment of pKava uesof hypothetica com-
poundsisof primeinterest. Theknowledge strength of
acid which required to protonate acompound isof grest
importance for the investigation of the kinetic and
mechanism of organic reactiong'®2?, The protonated
fractionisaso of specid significancein the studies of
absorption, distribution and eventua excretion of drugs,
depending ontheactive subgtancewhich containsacidic
of basicfunctiond groups, which areionizedtovarying
degreesat physiological pHs. Theinfluenceof acidity
constant on biological activity hasbeen reviewed by
many researcher groups?-,

In this paper the experimental pKa vaues of
benza doximederivatives cons dered have been evalu-
ated using ahalf integral potentiometric method*2.
Thesevaluesare correlated with some descriptorsde-
rived by the help of quantum chemicd caculationwhich
arebasically el ectronic and energy related valuesand
they arethought to be capable of describing the effect
of substituentson pKavaues successfully. The param-
etersused asdescriptorsfor pKavariationin thiswork
arederived by two methods namely, PM 3 (asasemi
empirical model) and HF carried out at base set [6-
311 G(d,p)] asanAbinitiomode.

In developing pKamodels, it isreasonableto ex-
pect that variationsin the pKashould be correlated in
somewaly with the el ectronic chargesat the dissoci at-
ing positiong?!. For the benzal doxi mes, wefound that
atomic chargeson thefunctiond group heavy atoms (O
of theOH) and theacidic hydrogenin OH canserveas
good regression parameterd® . ThepKavauesof OH
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group vary with substitution, increasing with electron
donating groupsand decreasing with dectron withdraw-
ing groups. The substitution on the benzenering affect
the charge onthe C=N group in additionto thelength
of O-H bond and determine the type of interactions
that OH group undergoes (specially at the ortho posi-
tion) whichinturn affect the energy and geometry of
themoleculesand pKavaueasaresult.

A variety of parameterswere used for the calcula
tion of pKatheoretically!®?>?9, These parametersare
basaed on quantum chemica methods (non of thesestud-
iesused these parametersfor the cal culation of pKaof
benzal doximes) namely PM3 and HF. The Muliken
partial atomic charges on theH and O atoms (of the
OH group), N and C (of the C=N group) arethought
to correlatewell to the pKaval ues of the studied com-
poundsin spite of their shortcoming?. The other pa-
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rameters considered asdescriptorsfor the pKavalues
and employed inthisanalysisare thetotal energy of
molecule(TE), dipoleof molecule(DM) andangle(C.-
C,-C)) (seethestructure below):

3 2
17 8 9 10
4 C=N—O—H
H
5 6

Thebenzaldoximestructure

Additiond parameterswerea so tested such asthe
energy of HOMO and LUMO orbitalsand thevaues
of u, nand W whicharecaculated asillustrated in equa
tions (1), (2) and (3) respectively.

Thevauesof al the mentioned descriptors calcu-
lated by PM 3 and HF methodsaregivenin TABLES 2

and 3 respectively.

TABLE 2: Valuesof descriptor scalculated by PM 3 method

O-H

COmP. Clirge Crarge Charge Charge cocrer TE DM tenan (e SR 0y ) )

B 0.2147 -0.2638 -0.0205 -0.0532 122.581 -4.229 -1.159 0.9507 -0.3422 -0.0043 0.169 -0.1733 -0.0824
0-OCH3 0.2132 -0.2621 -0.0313 -0.0431 120.292 4.6952 -1.229 0.9509 -0.3261 -0.0048 0.1606 -0.1655 -0.078
0-NH2 0.2211 -0.2831 -0.0661 -0.0029 129.807 0.3202 -1.305 0.9504 -0.2924 -0.001 0.1457 -0.1467 -0.0724
0-NO2 0.2219 -0.2682 0.0187 -0.1333 120.168 4.1084 -1.167 0.9525 -0.3738 -0.0697 0.1521 -0.2218 -0.0521
o-F 0.1703 -0.2152 0.0717 -0.1404 119.375 -0.897 1.9289 0.9591 -0.3433 -0.0149 0.1642 -0.1791 -0.0753
m-OCH3 0.1738 -0.2189 0.0652 -0.1447 122951 2.9215 1.3784 0.9578 -0.3319 -0.0072 0.1624 -0.1695 -0.0777
m-NH2 0.2130 -0.2610 -0.0336 -0.0445 123.908 -5.340 -1.154 0.9511 -0.2972 -0.0001 0.1486 -0.1487 -0.0742
m-COOH 0.2158 -0.2586 -0.0163 -0.0574 122.615 -3.232 0.6424 0.9506 -0.3553 -0.0266 0.1644 -0.191 -0.0707
m-NO2 0.2211 -0.2624 -0.0078 -0.0587 124.004 -5.690 -0.939 0.9507 -0.372 -0.0716 0.1502 -0.2218 -0.0509
m-F 0.2173 -0.2574 -0.0174 -0.0559 123.801 -2.213 -1.126 0.9513 -0.346 -0.0168 0.165 -0.1818 -0.0749
p-OCH3 0.2135 -0.2600 -0.0357 -0.0380 124.349 3.5678 -1.110 0.9510 -0.323 -0.0044 0.159 -0.1641 -0.0777
p-NH2 0.2113 -0.2631 -0.0523 -0.0240 124.259 -5.331 -1.170 0.9513 -0.293 0.0045 0.148 -0.1444 -0.0767
p-COOH 0.2170 -0.2586 -0.0063 -0.0674 122.682 -3.274 0.6322 0.9509 -0.356 -0.0354 0.160 -0.1958 -0.0657
p-NO2 0.2220 -0.2558 0.0055 -0.0756 124.741 -6.131 -0.925 0.9520 -0.377 -0.0761 0.150 -0.2268 -0.0501
p-F 0.2168 -0.2596 -0.0237 -0.0487 124.159 -2.284 -1.182 0.9515 -0.34 -0.023 0.162 -0.1855 -0.0712

TABLE 3: Valuesof thedescriptor sused aspar ameter scal culated by HF method
EHOMO ELUMO

Compd. CEalr%e Cr?a?ge Ch’\;?ge Chc;ge CEﬁ?%%? TE DM O-H (&) (&) n w w

B 0.4156 -0.60162 -0.12728 0.10852 121.10 -398.32 -1.159 0.9452 0.0861 -0.3153 -0.2007 -0.1146 -0.0327
0-OCH3 0.4148 -0.60405 0.09806 0.09807 116.27 -512.13 -1.229 0.9453 0.0865 -0.3158 -0.2012 -0.1147 -0.0327
0-NH2 04111 -0.60305 -0.20689 0.19416 117.38 -453.35 -1.305 0.9450 0.0964 -0.2813 -0.1889 -0.0925 -0.0226
0-NO2 0.4251 -0.59135 -0.07262 0.10919 118.05 -601.72 -1.167 0.946 0.0514 -0.3523 -0.2019 -0.1505 -0.0561
o-F 0.4206 -0.6014 -0.08013 0.10181 11848 -497.17 1.9289 0.9453 0.0797 -0.3252 -0.2025 -0.1228 -0.0372
m-OCH3 04206 -0.6014 -0.0801 0.1018 119.29  -497.17 1.3784 0.9455 0.0817 -0.3107 -0.1962 -0.1145 -0.0334
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Compd. CE'alr(;e Crg?ge Ch’\;?ge Ch(;de Céggil-%7 TE DM O-H E‘g/";'o (Lé’v“;o n " w

m-NH2 0.4181 -0.5961 -0.1223 0.10692 11948 -585.88 -1.154 0.9438 -0.0001 -0.2972 -0.1486 -0.1487 -0.0744
m-COOH 0.4212 -0.5961 -0.1223 0.1069 11948 -585.88 0.6424 0.9438 0.0481 -0.3405 -0.1943 -0.1462 -0.055
m-NO2 0.4212 -05930 -0.1254 0.11999 118.89 -601.74 -0.939 0.9453 0.0325 -0.345 -0.1887 -0.1563 -0.0647
m-F 0.4190 -0.5972 -0.1208 0.1100 119.24  -497.18 -1.126 0.945 0.0738 -0.328 -0.2009 -0.1271 -0.0402
p-OCH3  0.4136 -0.6030 -0.1384 0.1168 119.63 -512.18 -1.110 0945 0.0927 -0.2992 -0.196 -0.1033 -0.0272
p-NH2 0.4108 -0.6063 -0.1488 0.1191 119.76 -453.35 -1.170 0.944 0.0045 -0.2932 -0.1489 -0.1444 -0.07
p-COOH 0.4202 -05967 -0.1134 0.1058 119.41 -585.90 0.6322 0.945 -0.0354 -0.3562 -0.1604 -0.1958 -0.1195
p-NO2 0.4237 -0.5926 -0.1067 0.10560 119.24 -601.74 -0.925 0.945 -0.076 -0.377 -0.1505 -0.2265 -0.1704
p-F 04176 -0.5992 -0.1271 0.1118 119.11 -497.18 -1.182 0945 -0.023 -0.34 -0.1585 -0.1815 -0.1039

Asaprimary step, correlation among the selected
parameters and the pKaval ues of the benzal doxime
compounds and among the parametersthemsdlvesare
performed. The statistics results obtained for the per-
formanceof these parametersarelistedin TABLE 4.

Thecorrelation coefficient assumesava ue between
(-1) and (+1). If onevariabletendsto increasethe other
decrease, the correl ation coefficient isnegative. Con-
versely, if thevariablestend to increase together the
correlation coefficientispostive.

Theresultsof TABLE 4 show weak ssimplerela
tionsamong the pKavalues and the other parameters.
As expected substituents cause changesin the el ec-
tronic density at the dissociating functional groupsin
benzal doximes. Good correl ation among the atomic
charges of the hydroxyl group (O, and H, ) and the
C=N group (C, and N,) are noticed. The relations
among theatomic chargesof thesegroupsand thelength

of O-H bond were a so strong. Additionally, satisfac-
tory relationsare seen between chargesand thedipole
of themol ecules. Observation of thegloba e ectrophi-
licity index values show that, substitution of
benzal doximewith el ectron acceptor group increases
itselectrophilicactivity, while, subgtitutionwith electron
donor group resultsin e ectrophilic deactivation.
TABLE 4 and Figure 1 show that, therelation be-
tweenthepKavauesandthegloba eectrophilicity in-
dex isnegative dope. Thisisbecause, strong el ectro-
philicreagent leedstolow subgratesdectivityintheform
of low pKavaue. According to thisvariationswe ex-
pected to find these parameterseffectivein thecal cula-
tionof pKavauesdatigticaly. Thetheoretica esimation
of thepKavauesof the 15 substituted benzal doximes
consderedinthisstudy based onthe quantum chemical
parameters as descriptorsfor pKaare carried out sta-
tigticaly by multipleregression analys smethod.

TABLE 4: Correlation coefficientsamong thepar ameter sevaluated by PM 3 method

H10 09 N 8

C7 Co6-Cl-

O-H EHOMO ELUMO

Parameters pKa Charge Charge Charge Charge C7 TE DM Length (ev) (ev) L H w
pKa 1.000

H10 Charge 0.014 1.000

09 Charge 0.196 -0.931 1.000

N 8 Charge -0.239 -0.757 0.875 1.000

C7Charge 0.156 0.660 -0.764 -0.965 1.000

C6-C1-C7 0.037 0403 -0516 -0.612 0.662 1.000

TE 0175 -0261 0.130 0.197 -0.301 -0.271 1.000

DM -0.536 -0.798 0.832 0.776 -0.671 -0.420 0.080 1.000

LengthO-H -0.021 -0.941 0926 0.885 -0.823 -0.442 0.2747 0.771 1.000

Eromo 0354 -0.140 -0.157 -0.497 0507 0424 0.092 -0.193 -0.080 1.000

ELumo 0237 -0340 0.087 -0304 0535 0154 0197 0.034 0065 0.857 1.000

n -0.130 -0.369 0457 0371 -0.299 -0.511 0193 0426 0.270 -0.291 0.243 1.000

u 0.301 -0.248 -0.037 -0.416 0477 0301 0.149 -0.083 -0.008 0.964 0.963 -0.027 1.000

w -0.205 0410 -0.207 0.167 -0.299 0.013 -0.229 -0.127 -0.136 -0.687 -0.962 -0.492 -0.854 1.000
Physical CHEMISTRY — commmm
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Depending on thisstatistical method, two predic-
tive model shave been build up for comparison between
theAbinitio [HF/6-311 G(d,p)] and semi empirical
(PM3) methods, with the help of thevariablesused as
descriptorsand presented inTABLES 2 and 3.

Thefirst MLR mode generated by variablesbased
on the PM3 method. Theresultsand the multiplere-
gressonsaregivenin TABLEDS.

TABLE 5: Summary of theregression analysisresultsbe-
tween pK avaluesand descriptor scalculated by PM 3 method

Parametar a b R SE
Cc7 23.59 8.825 0.325 1.468
N8 34.901
09 -82.173 6.626 0.420 1.409
H10 -80.352
Angl 0.195 -2.137 0.528 1.318
TE 0.106
Len O-H -31.294 41.262 0.026 1.552
H10 -3.503
DM -1.658 27.743 0.702 1.105
09 70.192
DM -1.584 28.189 0.815 0.961
09 71.080
TE 0.151
DM -2.006 -667.708 0.885 0.773
09 -7.954
Len O-H 709.092
DM -2.247 -315.128 0.970 0.434
09 -36.785
Len O-H 355.361
H10 -109.984
DM -2.499 43.545 0.991 0.245
09 -47.041
w 47.006
H10 -203.749
DM -2.498 44.015 0.991 0.268
09 -45.962
w 48.129
H10 -204.321
N8 -0.804
DM -2.443 53.226 0.994 0.249
09 -20.750
N8 5.993
H10 -159.064
Angl -0.046
H -62.042
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Looking at theresultsof TABLE 5, therelation be-
tween pKaand the charges on O,, N, length of O-H
bond, and DM are of negative d ope, which meansthat,
theincrease of the va uesof thesedescriptorsincreases
thevaueof pKaand decreasetheionization efficiency
of themolecules. The values of the coefficients of O,,
N, and length of O-H bond indicate great influence of
such descriptorson pKavalues, which suppose that,
thewithdrawing substituentsincreasetheionization ef-
ficiency of themolecules.

The charge ontheatoms C_, H, , angleand TE
have opposite effect on the pKavalues. Thesimple
correlaion coeffidentsobtained from corrdaingthepkKa
values and each of these descriptorsfound separately
areweak but wasfound to increasesignificantly inthe
multipleregressionanaysis. Theresultsof theregres-
sonandysisof pKavauesbuild upwiththehep of the
parameters cal cul ated by the PM 3 method are sum-
marizedin TABLE 5. Inthismode we have generated
various equations by employing the entire variables
shownin TABLE 2. The best fitted equations of this
classarethefollowingtwoinwhich 4 and 6 variables
areused respectively.
pKa= 43.545 - 2.499 DM —47.041 Charge of

O, ,47.006 W —203.749 charge of H (5)

pKa= 53.226 - 2.443 DM -20.750 Charge of
O, + 5.993 charge of N,—159.064

Chargeof H, —0.046 Angle — 62.042 n (6)
Preferenceisgivento equation (5) inwhich lessnum-
ber of parametersis used to describethe substituents
effect on pKawith negligible differencesto that of 6
parameters. This model (eg.5) includes the partial
Muliken charges on theatoms of OH group, DM and
W. these values are € ectronic and molecul ar proper-
tiesand have been tested as pK adescriptorsfor other
types of compoundsin previous studies?-%l,

Theva uesof theexperimenta and calculated pKa
using (eg. 5and 6) with comparison between the ex-
perimental and predicted values of pKaof the con-
sidered benzaldoximesarereportedin TABLE 6. On
the basis of the statistical quality of result, itisclear
that, one can use this equation to predict the pKa
values of hypothetical compoundsof similar typeas
was donefor the compounds m-OCH_, m-NH,,, m-
COOH and P-NH, which were not included in the
regression analysis.

A Tndéan W



46 Statistical study for the prediction of pKa values of substituted benzaldoximes

PCAIJ, 6(1) 2011

Full Poper ===

A linear relation isobtained (with R>0.97) from
theplot of the experimental pKaversusthecaculated
vauesindicating to high prediction power andreligble

method for such applications.

TABLE 6: Comparison between theobserved and calculated
pK avaluesevaluated by thePM 3method

Compd. ObspKa Calc.pKka 'Res CalcpKa Res

(Eq.5) (Eq.6)
B 11.195 11.088 -0.017 11.234 -0.039
0-OCH3  11.858 12.020 -0.162 11.842 0.016
0-NH2 11.577 11662 -0.085 11.675 -0.098
0-NO2 11.503 11451 0052 11417 0.086
o-F 10.578 10594 -0.016 10.611 -0.033
m-OCH3 11.369 11.332
m-NH2 12.414 11.819
m-COOH . 6.713 . 6.811 .
m-NO2 10.733 10.677 0.056 10.796 -0.063
m-F 10.490 10.673 -0.183 10.676 -0.186
p-OCH3 11875 11482 0.393 11.398 0.477
p-NH2 . 12.620 . 12.187 .
p-COOH 6.866 6.849 0.017 6.828 0.038
p-NO2 10.366 10.379 -0.013 10.306 0.060
p-F 10.930 11.032 -0.102 11.194 -0.264

pKa

*Res= Calc. pKa- Obs. pKa

13

6 -

13
12
11
10

o N 0

Bond lenth (O-H)

L 4
*

*

0.948 0.95 0.952 0.954 0.956 0.958 0.96

0.16

0.18

0.2

0.22

Charge on H

137

12

11 7

@ N o ©
T

0.24

Dipol
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Thesecond MLR model hasbeenformed withthe
help of the descriptors derived by HF [6-311 G(d,p)]
method. Inthismodel, various equations have been
generated (TABLE 7). The best fitted equations are
thefollowingtwo:

pKa= -1665.177-195.988 Char geof O,-2.435 DM
+1632.195 L ength of O-H - 0.007 TE

-1660.158 - 2.436 DM — 0.007 TE
+1637.221 Length of OH — 196.374
Chargeof O,-0.059 W (8)

Preferenceis given to equation (7) for the same
reason used previously to compare equations (5) and
(6). The predicted pKavauesfrom equation (7) and
(8) aregivenin TABLE 8. Onthebasisof thismodd,
wecan dsojustify thevaidity of the sel ected descrip-
torsfor such applications.

A linear rdationship (Figure2) isobtained fromthe
plot of theexperimental pKaagainst theca culated val-
ueswith high correlation coefficient (R >0.99). A fina
conclusion can bedriveninwhich, thecomparison be-
tweentheAb initio [HF/6-311 G(d,p)] and the semi
empirica (PM3) indicates reasonabl e correspondence
between thetwo methods. Both of them gave high cor-
rel ation coefficientsand acceptable deviation.
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Figurel: Relationsamong pK avaluesand selected descriptor scal culated by PM 3 method

TABLE 8: Comparison between theobserved and calculated pK avaluesestimated by theHF method

47
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Calc.pKa -+« Calc.pKa -+ Calc. pKa ~ Calc.pKa -+
Compd. Obs. pKa Res Res Compd. Obs pKa Res Res
P P8 (Eq8) (Eq.7) P P8 (Eq8) (Eq.7)
B 11.195 11.167 -0.027 11.097 -0.098 m-NO2 10.733 10.675 -0.057 10517 -0.216
0-OCH3 11.858 11.841 -0.016 11.669 -0.189 m-F 10.490 10527 0.037 10.367 -0.123
0-NH2 11.577 11.599 0.022 11.419 -0.158 p-OCH3 11.875 11.924 0.049 11.853 -0.022
0-NO2 11.503 11.563 0.060 11.400 -0.103 p-NH2 . 10.514 . 10.397 .
o-F 10.578 10509 -0.068 10.377 -0.201 p-COOH 6.866 6.903 0.037 6.751 -0.115
m-OCH3 12.332 12.255 p-NO2 10.366 10.327 -0.038 10.161 -0.205
m-NH2 9.225 9.029 p-F 10.930 10995 0.065 10.854 -0.076
m-COOH 4.885 4.654
*Res= Calc. pKa- Obs. pKa
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Figure2: Relationsamong pKavaluesand selected descriptor scalculated by HF method
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