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ABSTRACT

MLR analysis of four sets of thiobenzamides for the prediction of activity
against MIC with M. Avium, M. Tuberculosis, M. fortuitumand M. kansasii
have been done using the descriptors heat of formation, molecular weight,
total energy, HOMO energy, LUMO energy, absolute hardness and elec-
tronegativity. Maximum number of descriptors used in MLR analysisis 4
and total number of MLR analysis done for each set is 90. Best QSAR
models developed for the four sets have the value of regression coefficient
greater than 0.9 indicating the reliability of the model. Single descriptor
HOMO energy hasthe value of regression coefficient greater than 0.5 inthe
first, second and fourth set of derivatives of thiobenzamides. In the third set
of thiobenzamides, no single descriptor has the value of regression coeffi-
cient greater than 0.5. In this case the combination of total and LUMO
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energy provide the value of regression coefficient greater than 0.5.
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INTRODUCTION

Searchfor nove drugsagaing dangerousfungd and
bacterial infectionsincluding tuberculosisand other
mycobacteriosesisone of thegoa sof the present-day
pharmaceutical chemistry. New discoveriesinthearea
of microbia regulatory mechanismsplaying animpor-
tant rolein the process of infection have offered the
opportunity for atotally new class of antimicrobial
agents. Theenhanced prevaence of infectiousdiseases
threatensworld population. Although tuberculosis ap-
peared as a curable disease for years, it isregaining
importance dueto the multidrug resistance.*3 Worl d-
widestatisticson tuberculosssurprisingly revedsthat,
nearly one-third of theworld’s populationisinfected
withtubercul osis, with approximatdy eght millionnew

patientsevery year.®! A mgjor issueistheincrease of
multi-drug resistant tuberculosis(MDRTB) givingrise
to thedisease expendveandincurableespecidly inim-
munodeficient subjectssuch asAlDS patients¥ Hence,
thereisan increased demand to devel op new antitu-
bercul osisagents effective agai nst pathogensres stant
to current treatment.

Amide compoundsarevery commoninbiologica
systems, but thioamidesarerare. Correspondingly, re-
ports of amide metabolism arevery common, whereas
comparatively little has been reported on bacterial
thioamide metabolism. Thiocamidesarefound naturally
in the copper-che ating compound methanobactin de-
scribed in Methylosinustrichosporium OB3b®. The
antibiotic sulfinemycin, produced by Sreptomyces
albusNRRL 3384, hasaprimary thioamide S-oxide
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moiety!®. Thioacetamidehasapplicationsinleather, tex-
tile, paper, rubber, and petroleumindustries”, and 2,6-
dichlorothiobenzamide (chlorthiamid) isused asaher-
bicide® . Thioamide compounds such as 2-ethyl-4-
pyridinecarbothi oamide (ethionamide) areimportant
second-linedrugsinthetreatment of multidrug-resis-
tant Mycobacteriumtuberculosisand M. leprag®9,
In M. tubercul og's, oxidation of thethioamide sulfuris
anecessary step in converting the prodrug ethionamide
toitsactiveformi+12,

Waisser and his associates investigated**
thiobenzmides (Figure 1) on various mycobacteriaand
relaed theactivity of thethioamideswithvariousphysico
chemical techniques. Severa derivatives of thiomides
werestudied against M. avium, M. tuberculosis, M.
fortuitum, M. kansasii. The QSAR derivatives of
thiobenzamide were devel oped using € ectronic param-
etersand theresults obtained indicated the correlation
coefficient above 0.88. QSAR model swith quantum
chemical parametersarefast devel oping andin recent
years val uabl e papers have been published.[6-2Y

Figurel: Derivativeof thiobenzmide

QSARisaprocesswhereby thestructuresof aset
of compoundsarequantified and then compared tothe
numerica valuesof abiological activity or aphysical
property. The challenge here has been to find some
numerical codefor amoleculeor afragment that isin-
formation-rich. Thisstructureinformation and themea-
sured property or activity isthen processed into amath-
ematical model of rdationship. Fromaquality modd it
ispossibleto predict and to design compoundsfor syn-
thesisand testing that have agood possibility for activ-
ity.

A QSAR generdly takestheform of alinear equa-
tion
Biological Activity =Congt +(C,P)) +(C,P,) +(C,P,) +...
wherethe parameters P, through P, are computed for
each molecule in the series and the coefficients C,
through C_areca culated by fitting variationsinthe pa-
rametersand thebiologica activity.[?221 Inview of the
importance of thiobenzamidesasapotent inhibitor of
mycobacteria, we have chosen to make QSAR study

of thederivativesof thioamides.
We have studied the QSAR with the help of fol -
lowing quantum chemica parameters.
Heat of Formation (kcal/mole)
Molecular Weight
Total Energy (Hartree)
HOMO Energy (€V)
LUMO Energy (eV)
Absolute Hardness (€V)
Electronegativity (€V)

Noo,rwbdpE

METHODOLOGY

Multi linear regression analysis

Multi linear Regression attemptsto modd therea-
tionship between two are more explanatory variables
and aresponsevariable by fitting alinear equation to
observed data. Every value of the independent vari-
ablesand aresponsevariableby fitting alinear to ob-
served data. Every valueof theindependent variabley
isassociated with ava ue of the dependent variabley.
The population regression linefor p explanatory vari-
ablesy,, %, ...., X, isdefined to be 1, = B, + B,x, +
By, +--enn + Bpo.

This line described how the mean response H,
changeswith theexplanatory variables. Theobserved
vauesfory vary about their means H, changeswiththe
explanatory variables. The observed valuesfor y vary
about their means H, and areassumed to havethe same
standard divisonc. Thefitted valuesb,, b,,....,.b esti-
mate the parameters 3, + By, + B, of the
population regression line.[5561

Sincethe observed valuesfor y vary about their
meansy,, themultipleregressonmodd included aterm
for thisvariation. | words, the model isexpressed as
DATA = FHT + RESIDUAL, where the “FIT” term
represents the expression B+ B.x, + Bx, + ---..-
B.x,- The “RESIDUAL” term representsthe devia-
tionsof theobserved vauesy fromther means M, which
arenormally distributed with mean O and variance .
The notation for model deviationise. Formally, the
model for multiplelinear regressions, given nobserva
tions,is
Yi= Bo + leil + Bzxiz RIRTTEL ﬂpxip te,
for1=1,2....n.
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Intheleast squaresmodel, the best-fitting linefor
the observed dataiscal culated by minimizing thesum
of thesguaresof thevertical deviationsfrom each data
point totheline(if apoint liesonthefitted lineexactly,
thenitsvertica divisionis0). Becausethedeviations
arefirst squared, then summed, thereare no cancella-
tions between positive and negativeval ues. Theleast-
squaresestimatesb, b,,..... bp areusually computed
by statitical software.

Thevd ues fit by theequation b, b x,,..... pr(i .
aredenoted Y, andtheresidualse areequal toy, - Y,
the difference between the observed and fitted val ues.
Thesum of theresidua sisequa to zero.

Descriptorsused in QSAR study

The 3D modeling and geometry opti mi zationl*42
of al thederivatives of thiobenzamidesdescribed in
TABLES 1-4 have been done by Cache software us-
ing PM 318 method. Thevalues of various descriptors
for QSAR havea so been eva uated with the same soft-
wareus ng the same method. The principlesonwhich
the evaluation of various descriptorsare described be-
low:

Heat of for mation

Heat of formation*! is the heat released or ab-
sorbed (enthd py change) during theformation of apure
substancefromitselements, at constant pressureand
usually denoted by AH.. It isdefined as

AH, —H, -3 H?

H, - quantum-chemically calculated total energy of the mol-
ecule

H? - quantum-chemically calculated energies of isolated at-
oms, a

Molecular weight

Molecular weight isdefined asMassof amolecule
of asubstance, based on 12 as the atomic weight of
carbon-12. It iscal culated in practice by summing the
atomicweightsof theatomsmaking up the substance’s
molecular formula Themolecular weight of ahydrogen
molecule(chemica formulaH,) is2 (after rounding off);
for many complex organic molecules(e.g., proteins,
polymers) it may beinthemillions.

Total ener gy!544
Itisdefined as

= Fyl] Peper

B =Eq+ ZZAZB / Ras

A#B
E, - total electronic energy of the molecule
Z,, Z,- nuclear charges of atoms A and B
R, - distance between nuclei A and B

HOMO energyl4"“

Itisrepresented by the symbol eHOMO andisthe
energy of highest occupied molecular orbitd.

€homo = <(pHOMO |F|(pHOMO>
- highest occupied molecular orbital

¢HOMO
F - Fock operator
LUMO ener gy

Itisrepresented by the symbol eLUMO andisthe
energy of lowest unoccupied molecular orbital.

€ umo = <¢LUMO |F|¢LUMO>
. umo - lowest unoccupied molecular orbital
F - Fock operator

Absolutehar dnesg“5!
Itisdefined as
1=(eLUMO - eHOMO)/2

where
eLUMO- lowest unoccupied molecular orbita energy
eHOMO - highest occupied molecular orbital energy

Electronegativity

Parr etal 424951 have shown that the Electronega
TABLE 1: MIC of thiobenzamideswith M. avium

Compound Substituents Log 1/C ob«d
X Y
TiC1 H 3F 33
TiC2 3-Cl 3F 3.9
T1C3 4-Cl 3F 3.6
T1C4 4-NO2 3F 3.9
T1C5 4-Me 3F 33
T1C6 4-OMe 3F 33
T1C7 3-Br 3F 4.22
T1C8 H 4-F 3.6
T1C9 3-Cl 4-F 3.6
T1C10 4-Cl 4-F 3.3
T1C11 4-NO2 4-F 3.9
T1C12 4-Me 4-F 2.7
T1C13 4-OMe 4-F 2.7
T1C14 3-Br 4-F 3.6
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TABLE 2: MIC of thiobenzamideswith M. tuberculosis

Compound Su;stltuent\s( Log 2/C Obsd.
T2C1 H 3F 4,22
T2C2 3-Cl 3F 4,22
T2C3 4-Cl 3F 4,22
T2C4 4-NO2 3F 452
T2C5 4-Me 3F 3.6
T2C6 4-OMe  3-F 3.3
T2C7 3-Br 3F 452
T2C8 H 4-F 3.6
T2C9 3-Cl 4-F 3.9
T2C10 4-Cl 4-F 39
T2C11 4-NO2 4-F 4.22
T2C12 4-Me 4-F 2.7
T2C13 4-OMe  4-F 2.7
T2C14 3-Br 4-F 39

TABLE 3: MIC of thiobenzamideswith M. fortuitum

Substituents

Compound X v Log 1/C Obsd.
T3C1 H 3-F 3.6
T3C2 3-Cl 3-F 3.9
T3C3 4-Cl 3-F 33
T3C4 4-NO2 3-F 3.9
T3C5 4-Me 3-F 33
T3C6 4-OMe  3-F 33
T3C7 3-Br 3-F 4,22
T3C8 H 4-F 3.6
T3C9 3-Cl 4-F 3.6
T3C10 4-Cl 4-F 33
T3C11 4-NO2 4-F 3.9
T3C12 4-Me 4-F 2.7
T3C13 4-OMe  4-F 2.7
T3C14 3-Br 4-F 3

tivity (y) of any chemical speciesisequal tothenega
tivevaueof chemica potential . Indeedit followsrig-
oroudy that
x=-pn=12.I+A)

=-(eHOMO + eLUMO)/2

where| and A areionization potential and electron affinity*%
of molecule.

RESULT AND DISCUSSION

We have considered eight quantum chemical de-
scriptorsviz. heat of formation, molecular weight, tota

TABLE 4: MIC of thiobenzamideswith M. kansadi

Compound. Substituents Log /C Obsd.
X Y
T4C1 H 3-F 3.9
T4C2 3-Cl 3-F 4.22
T4C3 4-Cl 3-F 4.22
T4C4 4-NO2 3-Fa 4.22
T4C5 4-Me 3-F 3.3
T4C6 4-OMe 3-F 3.3
T4C7 3-Br 3-F 4.22
T4C8 H 4-F 3.6
T4C9 3-Cl 4-F 3.6
T4C10 4-Cl 4-F 3.6
T4C11 4-NO2 4-F 4.22
T4C12 4-Me 4-F 2.7
T4C13 4-OMe 4-F 2.7
T4C14 3-Br 4-F 3.9

energy, HOMO energy, LUM O energy, absol ute hard-
ness and el ectronegativity. We have performed MLR
andysisfor theprediction of activity by taking one, two,
threeand four descriptorsin al the combinations. Total
numbers of combinations of descriptorsfor each set of
thiobenzamides are 90. The best QSAR mode sthus
obtained are discussed bel ow-

QSAR of MIC of thiobenzamideswith M. avium

Best QSAR model for the prediction of activity in
termsof log 1/C of thederivatives of thiobenzamides
givenin TABLE 1 contains heat of formation, total en-
ergy, HOM O energy and El ectronegativity asdescrip-
tors. Vauesof dl thedescriptorsusedin MLR anays's
areshownin TABLE 5 aongwith observed and pre-
dicted activity using thismodd . Regress on equation of
thisQSAR model isgiven below and it possessesthe
high valueof regression coefficient (rCV/2 = 0.52566)
whichindicatesthat the QSAR modd isreliable.

APA =-0.0109025* AH, + 0.0336171 * TE-2.42771
* eHOMO + 2.5895 * %-26.2701

rCV/2 = 0.52566

r2 = 0.816574

TABLE 5 contains the values of descriptors, ob-
served activitiesand predicted activitiesby best QSAR
model APA of thiobenzamides against MIC with M.
Avium. TABLES 5(a) to 5(g) showsthe residual and
regression anaysisof thisQSAR model indicating the
religbility. Resdud plot of norma probability isshownin
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TABLE5: Valuesof descriptors(Heat of for mation, molecular weight, total energy, HOM O energy, LUM O energy and
Electronegativity), observed activitiesand predicted activitiesby best QSAR model APA of thiobenzamidesagaingt M | C with

M. avium
> c o >
> > —~ = =0 =
= > S S > = > =Z
g 5562 B . 5 & T 22 g £S §58%%
= 5 < c o —~ S~ > 8’/\ = 8) ®© O <
[} — ® E =] = W< TS = @ S 59
e 8 E3 33 = 0D 0D 3 2 o < = fS BT
IS = ] S = ~ ~ o35 ol ~ O = 0O
o) Ioceg = I = = < = 0 Smo
O < = e = o S 8 3 B §xE
T - m o &°
T1C1 43.674 231.287 -113.753 -8.703 -1.304 3.699 5.004 3.300 3.517
T1C2 37.402 265.732 -125.495 -8.763 -1.689 3.537 5.226 3.900 3.911
T1C3 37.278 265.732 -125.498 -8.770 -1.387 3.691 5.079 3.600 3.548
T1C4 122.446 276.285 -145.434 -9.027 -2.194 3.417 5.611 3.900 3.951
T1C5 32.231 245.314 -120.940 -8.667 -1.287 3.690 4.977 3.300 3.243
T1C6 3.482 261.313 -133.129 -8.644 -1.282 3.681 4.963 3.300 3.054
T1C8 43.627 231.287 -113.753 -8.684 -1.288 3.698 4.986 3.600 3.423
T1C9 35.464 265.732 -125.519 -8.762 -1.379 3.692 5.070 3.600 3.525
T1C10 35.351 265.732 -125.521 -8.750 -1.354 3.698 5.052 3.300 3.448
T1C11 124.698 276.285 -145.408 -9.007 -2.196 3.406 5.601 3.900 3.854
T1C13 3.455 261.313 -133.129 -8.625 -1.259 3.683 4.942 2.700 2.954
T1C14 51.553 310.183 -123.640 -8.787 -1.430 3.679 5.108 3.600 3.572

TABLE 5(a) : Regression summary for dependent variable
for QSAR modd APA

R =.90343691 R*=.81619825 Adjusted R =.71116867 F(4,7) =7.7711 p
Std.Err. - Std.Err. -

b* of b* b of b t(7) p-value
Intercept -26.3811 16.89488 -1.56148 0.162380
AHs -1.21103 0.691104 -0.0109 0.00623 -1.75231 0.123178
TE 0.99462 0.317126 0.0336 0.01071 3.13636 0.016463
eHOMO -0.90795 0.860303 -2.4439 2.31562 -1.05538 0.326308
X 173888 0.899718 25832 1.33656 1.93269 0.094547

TABLE 5(c) : Analysisof variancefor QSAR mode APA

Sums of - Mean -
Squares Squar es

Regress. 1.077382 4 0.269345 7.771128 0.010267
Residual 0.242618 7 0.034660
Tota 1.320000

F p-value

TABLE5(b) : Variablescurrently intheequation for QSAR
model APA

Partial - Semipart -

* b = -

b* in Cor. Cor. Tolerance R-square  t(7) p-value
AH¢ -1.21103 -0.552183 -0.283946 0.054975 0.945025 -1.75231 0.123178
TE 099462 0764358 0508220 0.261088 0.738912 3.13636 0.016463

€HOMO -0.90795 -0.370508 -0.171016 0.035477 0.964523 -1.05538 0.326308

x 173888 0589869 0313176 0.032437 0967563 1.93269 0.094547

TABLE 5(d) : Redundancy of independent variablesfor QSAR
model APA

Toleran. R-square Paégfl Seng:lgra..rt
AH; 0.054975 0.945025 -0.552183 -0.283946
TE 0.261088 0.738912 0.764358 0.508220
eHOMO 0.035477 0.964523 -0.370508 -0.171016
X 0.032437 0.967563 0.589869 0.313176

TABLE5(f) : Current gatusof sweep matrix for QSAR model
APA

TABLE5(e) : Covariancesof regression coefficientsfor QSAR Log 1/C
modd APA AH¢  TE  eHOMO Obsd.
AH, TE  <cHOMO X AH; 181901 4.68834 -11.3952 95621 -1.2110¢
AHr 0.000039 -0.000037 0.007263 -0.003363 Tiomo ifgggz '5’2383;;32 gﬁggz '16662?10300 %%%47%2:
TE -0.000037 0.000115 -0.001644 0.008760  © - ' e e T
05621 -6.65001 -16.2130 -30.8292 1.73888

cHOMO 0.007263 -0.001644 5.362075 1.702199 )Ifog e
X -0.003363 0.008760 1.702199 1786391 Opsd. 2110 099462 -0.9079 1.7389 0.18380

ey, P alzrioly Seience
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TABLE 5(g) : Predicted & residual valuesfor QSAR modd APA

o ' ' ' ! , wn

c IS o T3 © 29 LB 8

s i B = 55 Ef 5: E: E: i:

NN NN 1 TR T ¢ T

o (@] o )] 7 g
TiC1 3.300000 3.516033 -0.21603 0.05123 -1.16040 0.108111 2.792742 -0.32594 0.206736
T1C2 3.900000 3.910203 -0.01020 1.31072 -0.05480 0.184056 9.834736 -0.45144 1.149462
T1C3 3.600000 3.548839 0.05116 0.15605 0.27481 0.101724 2.367440 0.07293  0.009165
T1C4 3.900000 3.951394 -0.0513  1.44234 -0.27605 0.129187 4.380013 -0.09912 0.027300
T1C5 3.300000 3.241861 0.05813 -0.82483 0.31229 0.098228 2.145569 0.08056  0.010427
T1C6 3.300000 3.054015 0.24598 -1.42505 1.32128 0.120611 3.700145 0.42389 0.435191
T1C8 3.600000 3.423616 0.17638 -0.24407 0.94743 0.122949 3.880830 0.31281 0.246260
T1C9 3.600000 3.525144 0.07485 0.08034 0.40208 0.096923 2.064729 0.10268 0.016492
T1C10 3.300000 3.450488 -0.1504 -0.15821 -0.80833 0.086662 1.466889 -0.19211 0.046150
T1C11 3.900000 3.852964 0.04703 112783 0.25265 0.137923 5.120607 0.10425 0.034423
T1C13 2.700000 2.953630 -0.25363 -1.74581 -1.36235 0.133323 4.724605 -0.52063 0.802145
T1C14 3.600000 3571813 0.02818 0.22946 0.15140 0.087653 1.521696 0.03621 0.001678
Min. 2.700000 2953630 -0.25363 -1.74581 -1.36235 0.086662 1.466889 -0.52063 0.001678
M ax. 3.900000 3.951394 0.245985 1.44234 1.32128 0.184056 9.834736  0.42389  1.149462
M ean 3.500000 3.500000 -0.00000 0.00000 -0.00000 0.117279 3.666667 -0.03799 0.248786
Median  3.600000 3.520588 0.03761 0.06579 0.20203 0.114361 3.246444 0.054576 0.040287

Normal Probability Plot of Residuals

-0.3 0.2 0.1 0.0 0.1 0.2 0.3
Residuals

Graph 1: Normal probability plot of residualsfor QSAR
Modd APA

Graph 1. Observed and predi cted activitiesof M1C of
thiobenzamideswith M. Aviumareshownin Graph 5.

QSAR of MIC of thiobenzamideswith M. tuber-
culosis

Best QSAR modé for the prediction of activity in
termsof log 1/C of thederivatives of thiobenzamides
givenin TABLE 1 contains heat of formation, total en-
ergy, HOM O energy and El ectronegativity as descrip-
tors. Valuesof dl thedescriptorsusedinMLR andysis
areshownin TABLE 6 alongwith observed and pre-
dicted activity using thismodd . Regress on equation of
thisQSAR model isgiven below and it possessesthe
very high value of regression coefficient (12 =

0.918194) whichindicatesthat the QSAR modd ismost
rdiable
BPA =-0.0168719* AH_+ 0.0543903 * TE-8.93962
* eHOMO + 1.01642 * y-71.9487
rCV/2 = 0.554923
r2 =0.918194

TABLE 6 containsthe val ues of descriptors, ob-
served activitiesand predicted activitiesby best QSAR
model BPA of thiobenzamidesagainst MIC with M.
Tuberculosis. TABLES6(a) to 6(g) showstheresidua
and regression analysisof thisQSAR mode indicating
therdiability. Residual plot of normal probability is
shown in Graph 2. Observed and predicted activities
of MIC of thiobenzamideswith M. Tuberculosisare
showninGraph 6.

QSAR of MIC of thiobenzamides with M.
fortuitum

Best QSAR model for the prediction of activity in
termsof log 1/C of thederivatives of thiobenzamides
givenin TABLE 1 containsmol ecular weight, tota en-
ergy, HOMO energy and LUMO energy as descrip-
tors. Vauesof dl thedescriptorsusedinMLR andlysis
areshownin TABLE 7 alongwith observed and pre-
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TABLE 6: Valuesof descriptors(Heat of for mation, molecular weight, total energy, HOM O energy, LUM O energy and
Electronegativity), observed activitiesand predicted activitiesby best QSAR model APA of thiobenzamidesagains M1C

with M. tuberculosis

~—~~ —~~ )
& g z 3 8 =2 =0 %=

5 B 5 T 5 _ > > 5 > >9 g9

c = s 3B bt = = 2 IS

S [@] ; @® =

2 5 £ 5 RS- 2 Iz BPs §& Hzg

£ — 3 = B LU m 8T 5% <5 gda

3 o= 3 8T o O = <§ g g 5 o4

3 g " 3 = E m Sz 8%

T2C1 43.674 231.287  -11375  -8703 -1304 3699 5004 422 4.019
T2C2 37.402 265732  -1255  -8763 -1689 3537 5226 422 4.247
T2C3 37.278 265.732  -1255 877  -1.387 3691 5079 422 4.162
T2C4 122446 276285  -14543  -9.027 -2194 3417 5611 452 4.48
T2C5 32.231 245314  -12094  -8667 -1287 369 4977 3.6 3.47
T2C6 3.482 261.313  -13313 -8644 -1282 3681 4.963 3.3 3.073
T2C7 49.942 310183  -12364  -8807 -1444 3681 5126 452 4.423
T2C8 43.627 231.287  -11375  -8684 -1288 3.608 4.986 3.6 3.824
T2C9 35.464 265732  -12552  -8762  -1379 3692 507 3.9 4.109
T2C10 35.351 265.732  -12552  -875  -1354 3608 5052 3.9 3.981
T2C11 124698 276285  -14541  -9.007 -2.196 3406 5601  4.22 4.253
T2C13 3.455 261.313  -13313 -8625 -1259 3.683  4.942 2.7 2.881

TABLE 6(a) : Regression summary for dependent variable TABLE 6(b) : Variablescurrently in the equation for BPA

for BPA QSAR mode QSAR model
R = 95748527 R* = 91677804 Adjusted R = 86922264 F(4,7) = 19.278 p bein PRI SEMPA rqerance R-square  1(7)  prvalue
b+ St((i)%Ebr*r.— b Std(.)fELr.— (7 pvaue  AH -1.20882 -0.711229 -0.291875 0058300 0941700 -2.67687 0031683
TE 1.04147 0.881357 0.538163 0.267016 0.732984 4.93565 0.001683
Intercept 715404 16.18699 -4.41962 0003083 .\ 513702 083801 -0433147 0041047 0958953 -397251 0.0037
AH -1.20882 0451579 -0.0169 0.00630 -2.67687 0.031683 % 045934 0.274493 0.082350 0.032141 0.967859 0.75525 0.474738
TE 104147 0211009 00544 001102 493565 0.001683 . )
TABLE 6(d) : Redundancy of independent variablesfor BPA
<HOMO 213792 0538179 -88700 223285 -397251 0005375  (yGAR mod
045934 0608193 1.0559 1.39808 0.75525 0.474738 . .
L Partial - Semipart -
] , Toleran. R-sguare
TABLE 6(c) : Analysisof variancefor BPA QSAR model Cor. Cor.
M of M AH¢ 0.058300 0.941700 -0.711229 -0.291875
Sqmqu . Squ'g?& F pvalue TE 0.267016 0.732984 0.881357 0.538163
eHOMO 0.041047 0.958953 -0.832301 -0.433147
Regress. 2.894452 4 0.723613 19.27810 0.000700 y 0032141 0.967859 0.274493 0.082350

Residual 0.262748 7 0.037535

Total 3.157200

TABLE 6(€) : Covariances of regression coefficients for

BPA QSAR mode
AH; TE  eHOMO x

AH; 0.000040 -0.000038 0.006187 -0.004095

TE -0.000038 0.000121 -0.000097 0.009901

eHOMO 0.006187 -0.000097

4.985638 1.720732
Y -0.004095 0.009901 1.720732 1.954621

TABLE 6(f) : Current satusof sweep matrix for BPA QSAR
moded

AH;, TE eHOMO g "ggg_c
AH;  -17.1525 4.38343 -8.9904 10.7393 -1.2088:
TE 43884 -3.74510 00375 -6.9366 1.04147
cHOMO -8.9904 0.03754 -24.3620 -15.1757 -2.1379:
y 10.7393 -6.93662 -15.1757 -31.1131 0.45934
I(_)(t))%d].JC 112088 1.04147 -21379 04593 0.08322
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TABLE 6(g) : Predicted & residual valuesfor BPA QSAR model
. . . © . o) S

E %y ¥s 3 $3 f%T i3 £ 3T s

=] 83 5 ® o 52 22 w = c B T o S 55

c B o b 5v o5l oz 88 3l

5] @) a 2 4] N s &
T2C1 4.220000 4.015438 0.20456 0.20555 1.05586 0.114004 2.892170 0.31291 0.18064
T2C2 4220000 4.248693 -0.02869 0.66027 -0.14810 0.192154 9.903903 -1.75904 16.21799
T2C3 4.220000 4.157657 0.06234 0.48280 0.32178 0.097583 1.873934 0.08353 0.00943
T2C4 4520000 4.478632 0.04136 1.10852 0.21352 0.134377 4.375091 0.07972 0.01629
T2C5 3.600000 3469491 0.13050 -0.85875 0.67363 0.101796 2.120075 0.18028 0.04781
T2C6 3.300000 3.072464 0.22753 -1.63274 1.17443 0.125228 3.679087 0.39082 0.34002
T2C7 4520000 4.423080 0.09692 1.00023 0.50026 0.110287 2.647845 0.14338 0.03550
T2C8 3.600000 3.828693 -0.22869 -0.15850 -1.18041 0.129080 3.966172 -0.41124  0.40000
T2C9 3.900000 4.106698 -0.20669 0.38345 -1.06688 0.093310 1.634877 -0.26912 0.08952
T2C10 3.900000 3.983156 -0.08315 0.14261 -0.42921 0.085418 1.221559 -0.10322 0.01104
T2C11 4.220000 4.253782 -0.03378 0.67019 -0.17437 0.143350 5.105414 -0.07465 0.01626
T2C13 2.700000 2.882215 -0.18221 -2.00362 -0.94051 0.136952 4.579872 -0.36420 0.35316
Min. 2.700000 2.882215 -0.22869 -2.00362 -1.18041 0.085418 1.221559 -1.75904  0.00943
M ax. 4520000 4.478632 0.22753 1.10852 1.17443 0.192154 9.903903 0.39082 16.21799
M ean 3.910000 3.910000 -0.00000 0.00000 -0.00000 0.121962 3.666667 -0.14924 1.47647
M edian 4.060000 4.061068 0.006337 0.29450 0.03271 0.119616 3.285629 0.00253 0.06866

Normal Probability Plot of Residuals
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Graph 2: Normal probability plot of residualsfor QSAR
M odel BPA

dicted ectivity using thismodd . Regress on equation of
thisQSAR model isgiven below and it possessesthe
very high value of regression coefficient ("2 = 0.
960224) whichindicatesthat the QSAR mode ismost
reliable
CPA67 = 0.0110484 * MW + 0.0583359 * TE-
0.564052 * eHOMO - 1.64533 * eLUMO +
0.619554
rCv/2 =0.910628
r"2 =0.96041314

TABLE 7 containsthe val ues of descriptors, ob-
served activitiesand predicted activitiesby best QSAR
model CPA of thiobenzamides against MIC with M.

fortuitum. TABLES 7(a) to 7(g) showstheresidua
and regresson andysisof thisQSAR modd indicating
therdiability. Residual plot of normal probability is
shown in Graph 3. Observed and predicted activities
of MIC of thiobenzamideswith M. fortuitumare shown
inGraph7.

QSAR of M1 C of thiobenzamideswith M. kansasii

Best QSAR model for the prediction of activity in
termsof log 1/C of thederivatives of thiobenzamides
givenin TABLE 1 contains heat of formation, total en-
ergy, HOM O energy and El ectronegativity as descrip-
tors. Vauesof dl thedescriptorsusedinMLR andlysis
areshownin TABLE 8 alongwith observed and pre-
dicted activity usng thismodd . Regress on equation of
thisQSAR model isgiven below and it possessesthe
very high value of regression coefficient ("2 =
0.875461) whichindicatesthat the QSAR modd ismost
relidble
DPA =-0.0236675* AH,+0.0556064 * TE-8.06317
* eHOMO + 2.67261 * ¢-72.4748
rCv/ 2 =0.683172
r2 = 0.875461

TABLE 8 contains the val ues of descriptors, ob-
served activities and predicted activities by best
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TABLE 7: Valuesof descriptors(Heat of for mation, molecular weight, total energy, HOM O energy, LUM O energy and
Electronegativity), observed activitiesand predicted activitiesby best QSAR model APA of thiobenzamidesagains M1C

with M. fortuitum

—~ — >
S § _ 3 3 8 z =5 I3
< g o D B _. > > S = 22 52
2 £o = o8 5 g S% 2
g 5 E - G E 2 3 s BS BL B&g
£ -3 5 = 8 L L 22 5% <5 F&o
S o= 8 5T 2 o 2 5 52 389
5 S - 8 3 £ & 38z 3%
T3C1 43674 231287  -113753  -8.703  -1.304  3.699 5004 3600  3.600
T3C2 37.402 265732  -125495  -8.763  -1689 3537 5226 3900  3.908
T3C3 37278 265732  -125498  -8770  -1.387 3691 5079 3300 3448
T3C4 122446 276285  -145434  -9027  -2194 3417 5611 3900  3.892
T3C5 32231 245314  -120.940  -8.667  -1287 3690 4977 3300  3.300
T3C7 49942 310183  -123640  -8.807  -1444 3681 5126 4220  4.200
T3C8 43627 231287  -113753  -8.684  -1.288 3698 4986 3600 3.576
T3C9 35464 265732  -125519  -8.762  -1.379 3692 5070 3600  3.429
T3C10 35351 265732  -125521  -8750  -1.354 3698 5052 3300  3.390
T3C11 124698  276.285  -145408  -9.007  -2196 3406 5601 3.900  3.902
T3C13 3.455 261313  -133129  -8625 -1259 3683 4942 2700 2675

TABLE 7(a) : Regression summary for QSAR mode CPA

R =.98000670 R*=.96041314 Adjusted R* =.93402190 F(4,6) = 36.391 p

Std.Err. - b Sd.Err. -
of b* of b

Intercept 0.63020 7.777587 0.08103 0.938055

b* t(6) p-value

MW 0.59083 0.111963 0.01105 0.002094 5.27707 0.001870
TE 1.48989 0.166869 0.05841 0.006541 8.92854 0.000110

eHOMO -0.17511 0.295582 -0.56350 0.951178 -0.59242 0.575198

TABLE 7(b) : Variablescurrently in theequation for QSAR

mode CPA
. Partial - Semipart -
b* in Cor. Cor. Tolerance R-square  t(6) p-value
MW 0.59083 0.907047 0.428640 0.526326 0.473674 5.27707 0.001870
TE 148989 0.964367 0.725238 0.236946 0.763054 8.92854 0.000110

eHOMO -0.17511 -0.235078 -0.048121
eLUMO -1.39142 -0.865316 -0.343492

0.075517 0.924483 -0.59242 0.575198
0.060942 0.939058 -4.22879 0.005507

TABLE 7(d) : Redundancy of independent variablesfor QSAR

model CPA
eLUMO -1.39142 0329036 -1.64669 0.389399 -4.22879 0.005507 : :
Partial - Semipart -
Toleran. R-square C C
TABLE 7(c) : Analysisof variancefor QSAR model CPA or. or.
MW 0.526326 0.473674 0.907047 0.428640
Sumsof -\, Mean - F p-value TE 0.236946 0.763054 0.964367 0.725238
Squares Squares
0.235078 -0.048121

Regress. 1.658895 4 0.414724 36.39136 0.000241
Residual 0.068377 6 0.011396
Total 1.727273

eHOMO 0.075517 0.924483 -

eLUMO 0.060942 0.939058 -

0.865316 -0.343492

TABLE 7(f) : Current status of sweep matrix for QSAR

mode CPA
TABLE 7(e) : Covariances of regression coefficients for Coq (UG
QSAR model CPA MW TE eHOMO eLUMO %gb(sd )
MW TE cHOMO <cLUMO MW -1.80996 -1.24942 -2.5735 2.6987 0.59083
MW 0.000004 0.000006 0.001022 -0.000394 'E -1.24942 -4.22036 -1.9596 4.8819  1.48989
TE 0.000006 0.000043 0.001631 .0.00l494 €HOMO -257350 -1.95063 -13.2421 13.1215 -0.17511

eHOMO 0.001022 0.001631 0.904740 -0.329699
eLUMO -0.000394 -0.001494 -0.329699 0.151632

eLUMO 269872 4.88188 13.1215 -16.4092 -1.39142
Log (1/C) 0.59083 1.48989 -0.1751 -1.3914 0.03959
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TABLE 7(g) : Predicted & residual valuesfor QSAR mode CPA

- ' ' v 8 ' .9 2 5 o
— - — . _Q 1 — 1
= &g By S 3 E8 Sz gg g3 e
S o= o= o 'cs> - ° w = c © wn o X @©
RS c g c 5 ez : =5 28 S w
£ 8> B> 8 83 g < =i £4 & s
O (@) a B i 7)) 2N =

T3C1 3.600000 3.594186 0.00581 0.04822 0.05446 0.068094 3.159563 0.00980 0.000686
T3C2 3.900000 3.956885 -0.05688 0.93873 -0.53287 0.091976 6.514043 -0.22075 0.634846
T3C3 3.300000 3.463355 -0.16335 -0.27300 -1.53021 0.050604 1.337928 -0.21069 0.175066
T3C4 3.900000 3.889323 0.01067 0.77285 0.10002 0.076393 4.211870 0.02188 0.004304
T3C5 3.300000 3.281183 0.01881 -0.72027 0.17626 0.046982 1.027779 0.02333 0.001851
T3C7 4220000 4.177884 0.04211 148133 0.39452 0.097772 7.479174 0.26130 1.005175
T3C8 3.600000 3.557132 0.04286 -0.04275 0.40156 0.065240 2.825654 0.06842 0.030684
T3C9 3.600000 3.444447 0.15555 -0.31942 1.45713 0.048007 1.113222 0.19498 0.134934
T3C10 3.300000 3.396401 -0.09640 -0.43738 -0.90303 0.048239 1.132820 -0.12113 0.052583
T3C11 3.900000 3.882865 0.01713 0.75699 0.16051 0.073330 3.809388 0.03244 0.008716
T3C13 2700000 2.676339 0.02366 -2.20529 0.22164 0.097243 7.388560 0.13898 0.281307
Min. 2.700000 2.676339 -0.16335 -2.20529 -1.53021 0.046982 1.027779 -0.22075 0.000686
M ax. 4220000 4.177884 0.15555  1.48133 145713 0.097772 7.479174 0.26130 1.005175
Mean 3.574545 3.574545 -0.00000 0.00000 -0.00000 0.069444 3.636364 0.01805 0.211832
Median  3.600000 3.557132 0.01713 -0.04275 0.16051 0.068094 3.159563 0.02333 0.052583

TABLE 8: Valuesof descriptors(Heat of for mation, molecular weight, total energy, HOM O energy, LUM O energy and
Electronegativity), observed activitiesand predicted activitiesby best QSAR model APA of thiobenzamidesagains M1C
with M. kansasii

— — >
S 5 s 3 § =z =g 13
xe T 5 D S > > S = >3 S g
S €5 = T 38 o > 8 g S o =
2 BE = oS 2 & I ¥ @ 5g Bzg
£ = = 5 8 W L 8 5 <5 zda
S o= g 5 < Q O = = B 2 8¢
8 s F 5 3 2 § 8z BE
TACL 43674 231287  -113753 -8703 -1304 3699 5004 3.900 3.717
TAC2 37402 265732  -125495 8763 -1689 3537 522 4.220 4.289
T4C3 372718 265732  -125498 8770 -1387 3691 5079 4.220 3.955
TACA 122446 276285  -145434  -9027 -2194 3417 5611 4.220 4325
T4Cs 32231 245314  -120940 8667 -1287 3690 4977 3.300 3.225
T4C6 3482 261313  -133129 8644 -1282 3681 4.963 3.300 3.005
TAC7T 49942 310183  -123640 -8807 -1444 3681 5.1% 4.220 4177
TAC8 43627 231287  -113753  -8684 -1283 3698 4.986 3.600 3510
T4C9 35464 265732  -125519 8762 -1379 3692 5070 3.600 3.907
TACI0 35351 265732  -125521  -8750 -1354 3608 5052 3.600 3.760
TACI1 124698 276285  -145408  -9007 -2196 3406 5601 4.220 4.085
TAC12 32196 245314  -120940 -8648 -1269 3690 4.958 2.700 3.017
TAC13 3455 261313  -133129  -8625 -1259 3683 4.942 2.700 2.795
TACl4 51553 310183  -123640 -8787 -1430 3679 5.108 3.900 3.934

Watariosy Stience  mm—.
A VMW




MSAIJ, 6(1) March 2010

PP.Singh and Dhruv Chandra Shukla 81

TABLE 8(a) : Regression summary for dependent variable
QSAR modd DPA
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TABLE 8(b) : Variablescurrently in the equation QSAR
model DPA

Partial - Semipart -

R = 93498007 R = 0.875461Ad] usted R? = .81827118 F(4,9) = 15.634 p brin PN SeMPAL- roerance Rsquare  t(9)  pvalue
b Stf(i).fEbr*r.- b Stdc.)lfig. T 49  pvalue AH -156332 -0.757914 -0.412095 0.069486 0.930514 -3.48544 0.006879
TE 0.99500 0.820463 0.509040 0.261736 0.738264 4.30539 0.001975
Interoept 72.2004 16.66377 -4.33277 0.001897
eHOMO -1.83013 -0.749172 -0.401179 0.048052 0.951948 -3.39311 0.007960
AHy 156332 0.448529 -0.0237 0.00680 -3.48544 0.006879
x 110335 0.488163 0.198397 0.032333 0.967667 1.67801 0.127655
TE 099500 0231105 00556 001292 430539 0.001975 . :
<HOMO -1.83013 0539366 -8.0110 236006 -3.39311 0007060 1ABLE8(d): Redundancy of independent variablesQSAR
mode DPA
x 110335 0657532 27094 161466 167801 0.127655

TABLE 8(c) : Analysisof variance QSAR model DPA

Sums of - df M ean - = value

Squares Squares b
Regress. 3.305554 4 0.826388 15.63379 0.000438
Residual 0.475732 9 0.052859

Tota 3.781286

TABLE 8(e) : Covariancesof regression coefficientsQSAR

Partial - Semipart -

Toleran. R-square Cor. C(r))r.
AH; 0.069486 0.930514 -0.757914 -0.412095
TE 0.261736 0.738264 0.820463  0.509040
eHOMO 0.048052 0.951948 -0.749172 -0.401179
X 0.032333 0.967667 0.488163 0.198397

TABLE 8(f) : Current statusof sweep matrix QSAR model
DPA

mode DPA AH¢  TE  eHOMO Lc())%sld!.c
AL TE  eHOMO o AH,  -14.3913 399595 -6.0986 10.6213 -1.5633
AH; 0.000046 -0.000047 0.005656 -0.005526 T|E-|OMO 3(’5-%%‘;% 'g-gggg -2065:1?; '17425’(;5:6 ‘1%%5(’)01‘2
S -0. -VU. - . - . -1 <
TE ~0.000047 - 0.000167 - 0.002007 0.0138% 10.6213 -7.23650 -14.9056 -30.9281 1.10335
€HOMO 0005656 0.002007 5574112 2239742  {o1ic
) 0005526 0013890 2230742 2.607126  onk 15633 099500 -18301 11033 0.12581
TABLE 8(g) : Predicted & residual valuesfor QSAR model DPA
2 : : : : "B g g - D@
g s By E 52 85 £S5 e 35 ¢
e RS 53 B 28 By 58 3 B 28 3
S 2 2 x o S x 5 o =g} o SNa)
O (@) a )] )] g
TAC1  3.900000 3.713481 0.186519 0.04090 081127 0.122936 2.78833 0.26120  0.07381
TAC2 4220000 4.290944 -0.070944 1.18608 -0.30857 0.226213 11.65663 -2.22341 18.10786
TAC3 4220000 3.951508 0.268492 051294 1.16781 0.106800 1.87663 0.34237  0.09570
TACA 4220000 4.324623 -0.104623 1.25287 -0.45506 0.158595 5.25735 -0.19960 0.07173
TAC5  3.300000 3.223192 0.076808 -0.93140 0.33408 0.100561 1.55844 0.09498  0.00653
TAC6  3.300000 3.004011 0.295989 -1.36607 1.28741 0.146438 4.34530 0.49803  0.38072
TAC7 4220000 4.178576 0.041424 096324 0.18018 0.119037 2.55629 0.05660  0.00325
TAC8  3.600000 3.513616 0.086384 -0.35546 0.37573 0.134804 3.54061 0.13164  0.02254
TAC9  3.600000 3.904847 -0.304847 042040 -1.32593 0.102615 1.66109 -0.38068  0.10923
TACI0  3.600000 3.762512 -0.162512 0.13813 -0.70685 0.094270 1.25702 -0.19536  0.02428
TAC11 4220000 4.085397 0.134603 0.77846 058545 0.168778 6.07722 0.29192  0.17376
TAC12 2700000 3.020333 -0.320333 -1.33370 -1.39329 0.128309 3.12031 -0.46523  0.25506
TAC13 2700000 2.795544 -0.095544 -1.77948 -0.41557 0.155814 5.04229 -0.17670 0.05426
TAC14  3.900000 3.931416 -0.031416 047309 -0.13664 0.094388 1.26248 -0.03778  0.00091
Min. 2700000 2.795544 -0.320333 -1.77948 -1.39320 0.094270 1.25702 -2.22341  0.00091
Max. 4220000 4324623 0295989 1.25287 128741 0.226213 11.65663 049803 18.10786
Mean  3.692857 3.692857 -0.000000 0.00000 -0.00000 0.132826 3.71429 -0.14300 1.38426
Median 3.750000 3.833679 0.005004 0.27927 0.02177 0125622 2.95432 0.00941  0.07277
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Graph 3: Normal probability plot of residualsfor QSAR
Modd CPA

—e— Obsd. Activity in terms of log (1/C)
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Graph 5: Observed and predicted activity of thiobenzamides
for QSAR mode APA
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Graph 7: Observed and predicted activity of thiobenzamides
for QSAR model CPA

QSAR model DPA of thiobenzamidesagainst MIC
with M. kansasii. TABLES 8(a) to 8(g) showsthe
residual and regression analysis of this QSAR model
indicating therdiability. Residua plot of normal prob-
ability isshownin Graph 4. Observed and predicted
activitiesof MIC of thiobenzamideswith M. kansasii
areshownin Graph 8.
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Graph 4: Normal probability plot of residualsfor QSAR
Mode DPA
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Graph 6: Observed and predicted activity of thiobenzamides
for QSAR model BPA
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Graph 8: Observed and predicted activity of thiobenzamides
for QSAR model DPA

CONCLUSION

All MLR andysisof thefour setsof thiobenzamides
indicatesthat HOM O energy isthe best descriptor of
activity of thederivativesof thiobenzamidesagansg MIC
with M. Avium, M. Tuberculosis and M. kansasii.

Au Tudian Yourual



MSAIJ, 6(1) March 2010

PP.Singh and Dhruv Chandra Shukla 83

For the MIC of thiobenzamides with M. fortuitum,
the combination of total energy and LUMO energy is
the best descriptor of activity. MLR equations of the
four setsof the derivatives of thiobenzamides having
best descriptor are given bel ow-

1.PA1 = -2.00902* eHOMO - 14.1108
rcv~2 = 0.487611
M2 = 0.557609

2.PA2 = -294849* eHOMO - 21.9409
rcvA2 = 0.38012
M2 = 0.505438

3.PA3 = 0.0441638* TE-1.77286 *

eLUMO + 6.483

rCv 2 = 0.552458
"2 = 0.679317

4.PA4 = -3.19928 * eHOMO - 24.3339
rcvA2 = 0.439175
M2 = 0.534828

Inthe anaysisof variancewhichisshowninthe
TABLES 5(c), 6(c), 7(c) and 8(c), the p-values are
shown. The p-valuesin the second, third and fourth
setsare gpproaching to zero (about 0.0001) indicating
that the QSAR models devel oped for these sets are
morereliable.
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