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ABSTRACT

In this present work, we have taken a ten Aroyl-Pyrrolyl-Hydroxy-Amide
derivatives and devel oped QSAR model swith the help of Quantum chemi-
cal descriptors.The values of quantum chemical descriptors are directly
obtained by CAChe software. The first set containsPyrrole derivatives &

the correlation coefficient of this set is above 0.81.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

QSAR study of phenolswith thehelp of quantum
mechanica parameter hasrecently been madeby Singh
et a.W. They developed QSA R modd shaving high de-
gree of predicted power with correlation coefficient
vaue above0.88. QSARZ® hasbecomeincreasingly
hel pful inunderstanding many aspect of chemical bio-
logical activity indrug research and pharmacol ogical
sciences® Weinthis paper present the QSAR study of
10derivativesof Aroyl-Pyrrolyl-Hydroxy-Amide, with
the help of new set of descriptors: heat of formation
total energy, eigen valueof highest occupied molecular
orbital: eigen valueof lowest unoccupied molecular or-
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Figurel: Theparent skeleton of aroyl - pyrrolyl - hydr oxy-
amide
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bital' electronegativity and absolute hardness These
descriptorshave been successfully employed for QSAR
study recently.

EXPERIMENTAL

The study materiasfor this paper areten Aroyl-
Pyrrolyl, Hydroxy-Amide derivativeswhich havebeen
arranged onthe basis of 50% inhibitory concentration
(IC,,). For QSAR study we have been used following
descriptors.

Molecular weight (M, )
Heat of formation (H?)
Total energy (T,)
HOMO value (eHOMO)
LUMOvaue(eLUMO)
Electronegativity (c)
Absolute hardness (h)
For QSAR prediction, the 3D modeling and
geometery optimization of al thecompoundshavebeen
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donewith the help of PCModel softwareusing PM3
hamiltonian”’. The MOPAC cal cul ations have been
performed with WINMOPAC 7.21 software, by ap-
plying keywords PM 3 Charge=0 Gnorm=0.1, Bonds,
Geo-OK, Vectors density. The values of the above
descriptorsarecd cul ated by solving theequationsgiven
below:

In DFT, thedectro negativity, commonly knownto
achemigt, isdefineasthe negative of apartia deriva
tiveof energy E of an atomic or molecular syslemwith
respect to the number of e ectrons N with aconstant
externd potentia  ®

u=-x=-@E/ SN)v(r) @

In accordancewith the earlier work of 1czkowski
and Margrave, it should be stated that when assuming
aquadratic relationship between Eand N andin afinite
differenceapproximation, Eq. 1 may berewritten as.

% =—-p = —(E +EA)/2 2
wherelE and EA arethevertical ionization energy and
electron affinity, respectively, thereby recovering the
electronegativity definition of Mulliken™@. Moreover, a
theoretical justification wasprovided for Sandersons
principleof eectronegativity equdization, which states
that when two or moreatoms cometogether toforma
molecule, their e ectronegativitiesbecome adjusted to
the sameintermediate value'**®!. The absolute hard-
nessm isdefinead

n=(P-EA)/2 ©)
where P and EA aretheionization potential and eec-
tron affinity respectively, of the chemical species. Ac-
cording to the Koopman’stheorem, theIPissmply the
eigen value of the HOM O with change of signand the
EA istheeigenvaueof theLUMOwith changeof sign
hencethe equations 2 and 3 can bewritten as:

%=(eLUM O +gHOMO)/2 4

N=(eLUMO-gHOMO)/2 (5)
Theheat of formationisdefined as:

AH=E __+E - +E_ (6)

whereE__, istheelectronicenergy, E _ isthenuclear-
nuclear repulsion energy, E_, istheenergy requiredto
strip al the valence electrons of all the atomsin the
system, and E,, _isthetota heat of atomization of dl
theatomsinthe system. Thetotal eectronic energy of
the systemisgiven by B.W.Clare®®,
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TE=12P(H+F) @
where P isthe density matrix and H is the one-
electron matrix. Fisfock matrix.

For regression analysis, we used project |eader
programme associ ated with CA Che pro software of
Fujitsu. Variousregression equation were devel oped
for theprediction of activity. Thevauesof descriptors
have been cal culated by the above equation.

RESULT AND DISCUSSION

The Parent skeleton of Aroyl-Pyrrolyl-Hydroxy-
Amidearegiveninfigurel.

Thel1Oderivativesof Aroyl-Pyrrolyl-Hydroxy-Amide
andtheir observed biologica activity intermsof inhibi-
tory growth concentration (PIC50). Theva uesof vari-
ousquantum chemica descriptorsof Aroyl-Pyrrolyl-Hy-
droxy-Amidederivatives, ongther observed biologi-
cal activity are placed in TABLE 1. The quantities of
descriptorsinanumber of combinationshave been used
for MLR andysisand QSAR models. Out of them only
10 QSAR models presented bel ow, havebeenfound to
havevery high-predicted power. The predicted activities
of these QSAR modd sareplacedin TABLE 3.

QSAR modé

The predicted activity PA, isca culated by solving
regressioneg. 1
PA =-0.000783155* H, +0.00515297* MW-1.89565
rCVv~2=0.796811
r~2=0.813363

Eq. Linvolvesheat of formation asfirst descriptor
and mol ecular weight as second descriptor. Thevaues
of guantum chemical descriptos are presented in
TABLE 2. Therdiability of thisregression mode can
betested from correl ation coefficient r-2=0.813363and
crossvaidation coefficient rCV~2=0.796811. Theseco-
efficientsindi catethat thisregression givesgood regres-
sionresult. Thevaluesof thepredicted activitiesPA |
arelistedintheTABLE 3.

QSAR modé

The predicted activity PA, isca culated by solving
regression eg. 2
PA,=0.00515297* MW -0.491437* E.-1.89565
rCV+2=0.796811
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TABLE 1: Aroyl-pyrrolyl-hydroxy-amidederivativeswith
their observed activity
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TABLE 2: Valuesof variousquantum chemical descriptors
with observed activity (1C_)

Comp.no. R R1 R, ICsp No. MW Hy Er gHOMO &LUMO g n  1Cs
(@] 1 270.287 -42.788 -146.753 -9.101 -0.774 -4937 4.163 3.8
1 CH3 Ph /VLNHOH 3.8 2 256.26 -44.933 -139.63 -9.173 -0.793 -4983 419 24
0 3 304732 -49.462 -143.74 -9.156 -0.818 -4.987 4.169 3.8
2 CHB 4-Cl-Ph /vj\ 24 4 288278 -87.011 -158.23 -9.187 -0.841 -5.014 4.173 3.9
NHOH 5 315285 -70.266 -178569 -9.405  -1349 5377 4028 19
3 CH3 4-F-Ph /JL 38 6 284314 -52.425 -153.941 -9.081 -0.76 -4921 416 29
NHOH 7 300.313 -83.312 -166.13 -9.081 -0.763 -4.922 4159 24
0] 8 313.355 -49.261 -170.447 -8.649 -0.725 -4.687 3.962 0.1
4 CHa  4-ON-Ph /Vj\ o 3.9 9 284314 -52186 -153.941 -0.086  -0.764 -4.925 4161 1
fe) NHOH 10 372423 -7.688 -195.47 -8.828 -0.806 -4.817 4011 5
> O achePh /VLNHOH 19 desoriptor istotal energy. Thevaluesof quantum chemi-
5 0 ca descriptorsare presented inTABLE 2. Therdliabil-
CH;  4-CH;OPh /VL 29 ity of thisregressonmodel can betested from correla
o NHOH tion coefficient r2=0.811212 and cross validation co-
7 CH; 4Me,-N-Ph /V]\ 24  efficient rCV+2=0.790595. These coefficientsindicate
5 NHOH that thisregression givesgood regression result. The
8 CH,  PhCH /%)L oy Valuesof thepredicted activitiesPA arelistedinthe
NHOH TABLES3.
9  CH; PhCH=CH /V(L 10 QSARmodd
o NHOH ThgpredctedactwﬂyPA4|scdcuIatedbysoIV|ng
10 H Ph /VL 5o regressoneq.4
M W-

NHOH

r~2=0.813363

Eq. 2involvesmolecular weight asfirst descriptor
and total energy as second descriptor. The values of
guantum chemical descriptosarepresentedin TABLE
2. Thereliability of thisregression model can betested
from correlation coefficient r°=0.813363 and cross
validation coefficient rCV~2=0.796811. These coeffi-
cientsindicatethat thisregression givesgood regres-
sionresult. Thevaluesof thepredicted activitiesPA,,
arelisedinthe TABLE 3.

QSAR modd

Thepredicted activity PA iscal cul ated by solving
regressioneg. 3
PA_=-0.000488281* H +0.00515297* MW-0.0625*
E-1.91301
rCV~2=0.790595
r~2=0.811212

Eq. 3involvesheat of formation asfirst descriptor
and mol ecul ar weight is second descriptor. Thethird

PA,=-0.00071984* H +0.00521657*
0.0480385* eHOMO -2.33504
rCV+2=0.764644
r~2=0.815118

Eq. 4involvesheat of formation asfirst descriptor
and the second and third descriptors are molecular
weight and HOM O energy respectively. Theva ues of
quantum chemica descriptorsare presentedin TABLE
2. Thereliability of thisregresson model can betested
from correlation coefficient r~2=0.815118 and cross
validation coefficient rCV+2=0.764644. These coeffi-
cientsindicatethat thisregression givesgood regres-
sionresult. Thevaluesof thepredicted activitiesPA,
arelistedintheTABLE 3.

QSAR modé

The predicted activity PA, isca culated by solving
regressioneg. 5
PA_=-0.000842964* H +0.00534636*
+0.0670735* ¢ LUMO -1.9109
rCV~2=0.744483

— @)u;am'c CHEMISTRY

MW

Hn Tndéan g%wumé



62 QSAR study of aroyl-pyrrolyl-hydroxy-amide (apha) derivatives

OCAIJ, 7(1) 2011

FPull Paper ==
TABLE 3:Valuesof predicted activitiesof aroyl-pyrrolyl-hy-

TABLE 4: Combinationsof descriptor sprovidingthe QSAR

droxy-amidederivatives models
CO,;"OF""' PA, PA, PA; PA, PA; PA; PA;, PA; PAy PAp PA rCVA2 2 Variables \Y/e
1 2639 2338 2546 2711 2628 2693 2498 2502 2557 2633 1 0.796811 0.813363 Heat of formation, Molecular weight 2
2 2492 2163 2403 272 2468 263 2356 2547 2584 2564 2 0.796811 0.813363 Molecular weight, Total energy 2
3 2831 2971 2641 3227 2837 2919 3993 3328 2737 2616 3 0.790595 0.811212 Heat of formation, Molecular weight, Total energy 3
4 2165 2561 2737 2076 2193 2053 2756 3680 2616 3.328 4 0.764644 0.815118 Heat of formation, Molecular weight, HOMO energy 3
5 2625 1299 1608 3731 2493 3345 1505 2114 2055 1974 5 0.744483 0.822225 Heat of formation, Molecular weight,LUMO energy 3
6 262 2501 236 2576 2633 2565 2903 2739 2527 2616 6 0.743636 0.8204 Heat of formation, Molecular weight,Electronegativity 3
7 2317 1975 14 1957 2374 204 3075 1652 0947 1.99% 7 0.778457 0.819805 Heat of formation, Molecular weight,Absolute hardness 3
8 20906 2549 2533 1473 2946 2388 0537 0363 1762 0.133 8 0.764644 0.815118 Total energy, Molecular weight, HOMO energy 3
9 2623 2501 2367 2601 2635 2579 292 2769 2546 2.647 9 0.744483 0.822225 Molecular weight, Total energy,Absolute hardness 3
10 3982 4173 4283 4128 3993 3988 4.658 4.814 4522 4.936 10 0.730729 0.822328 Molecular weight,Total energy,HOMO energy 3

r~2=0.822225

Eq. 5involvesheat of formation asfirst descriptor
and molecular weight as second descriptor. Thethird
descriptor is LUMO energy. The values of quantum
chemical descriptorsare presentedin TABLE 2. The
religbility of thisregress on modd can betested from cor-
relation coefficient r2=0.822225 and crossvaidation
coefficient rCV~2=0.744483. These coefficientsindicate
that thisregresson givesgood regressionresult. Theval-
uesof thepredicted activitiesPAlareligedinthe TABLE
4. Graph between the observed activity and the pre-
dicted activitiesPA_ arelistedinthe TABLE 3.

QSAR modd

Thepredicted activity PA iscal cul ated by solving
regression eg. 6
PA =-0.000765366* H.+0.00532853* MW +
0.0834568* y-2.28681
rCVv~2=0.743636
r-2=0.8204

Eq. 6involvesheat of formation asfirst descriptor
and molecular weight as second descriptor. Thethird
descriptor is e ectronegativity. Thevaues of quantum
chemical descriptorsare presentedin TABLE 2. The
reliability of thisregression model can betested from
correlation coefficient r~2=0.8204 and crossvaidation
coefficient rCV~2=0.743636. These coefficientsindi-
catethat thisregression gives good regression resullt.
Thevauesof thepredicted activitiesPA arelisted in
theTABLE 4

QSAR modd
Thepredicted activity PA_ iscal cul ated by solving

regressioneq. 7
PA_=-0.000932053*H +0.00525805* MW+
0.134769* n-1.29462
rCV+2=0.778457
r~2=0.819805

Eq. 7involvesheat of formation asfirst descriptor
and molecular weight as second descriptor. Thethird
descriptor isabsol ute hardness. Thevaluesof quantum
chemical descriptorsarepresentedinTABLE 2. T he
reliability of thisregression model can betested from
correlation coefficient r~2=0.819805 and crossvalida
tion coefficient rCV~2=0.778457. These coefficients
indicatethat thisregression givesgood regression re-
sult. Thevaluesof the predicted ectivitiesPA arelisted
intheTABLE 3.

QSAR modd

The predicted activity PA isca culated by solving
regressioneg. 8
PA,=0.00521657* MW -0.451707* E -0.0480385*
eHOMO -2.33504
rCV+2=0.764644
r~2=0.815118

Eq. 8involvesmolecular weight asfirst descriptor
and total energy as second descriptor. The third de-
scriptor isHOMO energy. Thevauesof quantum chemi-
ca descriptorsare presented inTABLE 2. Therdliabil-
ity of thisregression mode can betested from correla
tion coefficient r~2=0.815118 and cross validation co-
efficient rCV~+2=0.764644. These coefficientsindicate
that thisregression gives good regression result. The
valuesof the predicted activities PA arelistedinthe
TABLEA4.
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QSAR modd

Thepredicted activity PA iscal cul ated by solving
regressioneg. 9
PA ,=0.00534636* MW-0.528968* E . +0.0670735*
n-1.9109
rCVv+2=0.744483
r-2=0.822225

Eq. 9involvesmolecular weight asfirst descriptor
and total energy as second descriptor. The third de-
scriptor isabsolute hardness. Thevauesof quantum
chemical descriptorsare presented in TABLE 2. The
reliability of thisregression model can betested from
correlation coefficient r~2=0.813363 and crossvaida
tion coefficient rCV~2=0.796811. These coefficients
indicate that thisregression givesgood regression re-
sult. Thevaluesof thepredicted activitiesPA arelisted
intheTABLE 3.

QSAR modd

Thepredicted activity PA_ jisca culated by solving
regression eg. 10
PA,,=0.00534135MW-0.542908* E_ -0.0578958*
eHOMO +0.143306*n-1.78611
rCv+2=0.730729
r-2=0.822328

Eq. 10involvesmolecular weight asfirst descriptor
and total energy as second descriptor. Thethird and
fourth descriptor isHOM O energy and absolute hard-
ness. Thevalues of quantum chemical descriptorsare
presentedinTABLE 2. Therdiability of thisregresson
model can be tested from correlation coefficient
r2=0.822328 and cross validation coefficient
rCV+2=0.730729. These coefficientsindicate that this
regression givesgood regression result. Thevaluesof
thepredicted activitiesPA  arelistedinthe TABLE 3.

—= Pyl Peper
CONCLUSION

Thequality of prediction of QSAR model isad-
judged by theva uesof crossvalidation and correlation
coefficients. Thevaluesof various predicted activities
of ten APHA derivatives are collectively shown in
TABLE 3. Thecombinations of descriptorsproviding
thevariousmodesareindudedinTABLEA4. Itisclearly
indicated that the entire QSAR model from each sets
provide high degree of dependability asthey have cor-
relation valueisabove0.81.
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