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ABSTRACT

Quantitative structure-activity relationship of tatg nine benzene sulfonamides as inhibitor of caibanhydrase
based on quantum chemical descriptor, heat of ftiona molecular weight, total energy, energy of Hagt
occupied molecular orbital, energy of lowest ungied molecular orbital, electronegativity and ahsel hardness,
has been studied. The purpose of the study isstahe suitability of the above quantum chemicahpweters as
possible biological activity descriptor in the deymment of QSAR. We have considered 83 QSAR musiats,

multiple linear regression, MLR, analysigth the help of various combinations of the degstors. In order to
explore the reliability of the proposed model wevédhaused regression coefficient, r*2, and crossdadilbn

coefficient, rCV~2. The study shows that heat ohé&ion, molecular weight, total energy and eneafyhighest
occupied molecular orbitals of the benzene sulfadamcan be used as descriptors of biological &égtiv

Keywords. Benzene sulfonamides, QSAR, quantum chemical gdeciand carbonic anhydrase

INTRODUCTION

Carbonic anhydrase (CA) catalyzes the inter-comwersf carbon dioxide to biocarbonate. There aredltlasses
a, B, andy of CA, divided into three genetically unrelatednfes, namely, animal, plant, and bacterial CAs,
respectively [1,2]. There is no amino acid homoldgptween classes [3], although there is some quverahe
occurrence of the genes. At the present, it ishetl that only the-genes are present in vertebrate organisms. The
tissue distribution 06-CA seems to be ubiquitous with cytoplasmic, tramsrorane, mitochondrial, secreted form.
CA 1l is the most extensively studied isozyme of @Ad has a wide tissue distribution and can bedaorsome
cells of virtually every tissue type with large amts located in the red blood cells where it isoimed in
respiration. CA Il with its wide tissue distributidhas varied physiological roles throughout theybda addition to
catalyzing the reversible hydration of €@nd HCQ from respiration, CA 1l also acidifies urine byreinating H

in the renal tubules and collecting ducts of theénkiy, provides Hnecessary for the bone resorption function of
osteoclasts, produces Hg®or use in pyrimidine biosynthesis, suppliesathd maintains pH balance in the choroid
plexus for cerebro spinal fluid (CSF) formationydtved in saliva production by producing Hg@or acinar and
ductal cells, provides Hto gastral parietal cells for stomach acidificati@and provides HCQto liver epithelial
duct cells for bile production and to epithelialctigells of the pancreas for pancreatic juice fdroma A specific
clinical phenotype has been noted for CA Il deficig — osteopetrosis and renal tubular acidosischwii some
cases is accompanied by mental retardation [4].c&lyses the interconversion of £ HCQO; in a two-stage
ping-pong reaction. Human CA Il (hCA 1l) catalyzé® reversible hydration of GOn two distinct half reactions
[5, 6]. The first step of the reaction involves tapping of the C@substrate within a putative hydrophobic pocket
[7]. The CQ displaces a water molecule, ‘the deep water’hadctive site by associating with the amide nirog
of Thr199 in a hydrogen-bonding interaction priar & nucleophilic attack on the substrate carborfotmn
biocarbonate (Figure 1). The bicarbonate is thespldced from the zinc ion by an active-site wateietule,
concluding the first-half (Equation (a)).
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H,0
CO,+ EZNOH = EZnHCQ, =—— EZnH,0 + HCQy €)
EZnH,O+B =—" EZnOH +BH (b)

The second-half reaction involves the transfer gireton from the zinc-bound water molecule to residdis64
through a chain of hydrogen-bonded water molecf@gd. This intramolecular proton transfer is folled by an
intermolecular proton transfer from His64 to buthvent (B) of the system. This second step regeesrde zinc-
bound hydroxyl group, allowing for another roundcafalysis to proceed (Equation (b), Figure 1).
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Figure 1. Schematic representation of the catalytic mechanism of carbonic anhydrase.

Inorganic and organic anions have been usefuludystg the properties of the metal center in caibanhydrase.
Most monovalent anions inhibit CA with varying affies. These inhibitors bind to the metal ion alistupt the
coordination of the zinc-OHgroup that disrupts the catalytic activity of tkezyme [9]. Since the discovery, 61
years ago, that sulphonamides inhibit CA, powerfhlbitors of CA have been restricted to the sinetRSQNH,
where R is an aromatic or heteroaromatic resid0¢ Rarenteral sulfonamides (i.e.,acetazolamide¢hazelamide,
dichlorphenamide, and ethoxazolamide) have beed fme45 years to reduce intraocular pressure augma.
Their pharmacological effect is believed to be tuthe inhibition of CA 11 in the ciliary epithelin. Unfortunately,
systemic therapy with parenteral sulfonamides &eit derivatives leads to significant side effeasny of which
are probably due to inhibition of CA isoforms irhet tissues. These undesirable side effects aathésynthesis of
new derivatives of sulfonamides that are more $igle@gainst CA Il to be used in glaucoma treatrméai. But
this research work is confined to study of follogiitwenty nine derivatives of benzene sulfonamidiedl in Table
1. In this work, six quantum chemical descriptdisat of formation &H;" in kcalmol) [12], molecular weight
(MW) [13], total energy (TE in Hartree) [144lOMO energy UHOMO in eV) [15],LUMO energy JLUMO in eV)
[15], electronegativity X) [16] and absolute hardness) (17] have been used for QSAR [18, 19] study oénty
nine derivatives of benzene sulfonamide [20] (Fégl). Because of the huge, and well-defined phisica
information encoded in many theoretical descripf@dd, their use in the design of a training sefi@SAR study
presents two main advantages: (a) the compoundsthesid various fragments and substituents can becily
characterized on the basis of their molecular streconly; and (b) the proposed mechanism of actian be
directly accounted for the chemical reactivity bftcompounds under study. Consequently, the dei@®4R
models will include information regarding the na&unf the intermolecular forces involved in deteriminthe
biological or other activity of the compounds inegtion.

MATERIALSAND METHODS

The study materials of this paper are twenty niedvdtives of benzene sulfonamide and are present&dble-1
[20].
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Table 1. Derivatives of benzene sulfonamides

No. R logK No.R log K
1 H 6.69 16 4-CONHgH, 8.49
2 4-CH 7.09 17 4-CONHEH,, 8.75
3 4-GHs 7.53 18 4-CONH@H;: 8.88
4 4-GH; 7.77 19 4-CONHeH, 8.93
5 4-CHe 8.30 20 3-C@CH; 5.87
6 4-GHi; 8.86 21 3-C@C:Hs 6.21
7 4-CQCH; 799 22 3-CQ@CzH, 6.44
8 4-CQC:Hs 8.50 23 3-C@C4Hq 6.95
9 4-CQCszH; 8.77 24 3-C@CsHyy 6.86
10 4-CQCyHq 9.11 25 2-C@CH, 4.41
11 4-CQCsHyu 9.39 26 2-C@C;Hs 4.80
12 4-CQCgHiz 9.39 27 2-C@C3H, 5.28
13 4-CONHCH 7.08 28 2-C@C4Hq 5.76
14 4-CONHGHs 753 29 2-C@CsHi; 6.18

15 4-CONHGHy 8.08
Where log K is binding constants of benzene suliudas to CA

For QSAR prediction, the structures of all the abaoempounds have been drawn and their geometneas been
optimized with the help of CAChe software [22] @siRM3 hamiltonian [23]. MOPAC calculations have tee
performed with MOPAC 2002 software [24] associatéith CAChe.

The values of above descriptors have been obtdinedthis software by solving the equations givetolv and the
results are included in Table 2.

The heat of formation [12] is defined as

AH’=E, +E, ~E

elect nuc isol

+ E Eq.l

aton

where Eis the electronic energy,.k is the nuclear-nuclear repulsion energy, s the energy required to strip
all the valence electrons of all the atoms in tystesn and EomiS the total heat of atomization of all the atomshe
system.

The molecular weight (MW) [13] is a more generait important, property of a molecular system ansldlao been
tested as descriptor.

Total energy (TE) [14] of a molecular system is then of the total electronic enerdi,. and the energy of
internuclear repulsiork,,. The total electronic energy of the system is gilig

_P(H+F)
2

E Eq.ll

where P is the density matrix and H is the onetsdaamatrix.

Parr et al. defined electronegativity [16] as tkegative of chemical potential:

)(—-,u—-(ﬁj Eq.ll
ON v(r)
The absolute hardnegs) [6] is defined as
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”=lfé5j
2\ ON V()
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Eq.lV
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where E is the total energy, N the number of electronthefchemical species and v(r) the external patkenti
The operational definition of absolute hardnessealadtronegativity is defined as

_(IP-EA
=7

__(IP+EA)

Eq.V

X Eq.VI

where IP and EA are the ionization potential amttebn affinity respectively, of the chemical sgsciAccording to
the Koopman'’s theorem, the IP is simply the eigalue of the HOMO with change of sign and the Efhis eigen
value of the LUMO with change of sign hence theVEand VI can be written as

n= (eLUMO - eHOMO)

Eq.VII
> q
(ELUMO + eHOMO)
X= Eq.ViII
2
Table 2. Calculation of various quantum chemical descriptors of the compounds with OBA

No AH;¢ MW TE OHOMO OLuMo OBA
(kcal/mole) (Hartree) (eV) (V) n X (logK)
1 106.162 157.187 -79.969 -9.552 -1.883 3.834 5.71 6.690
2 96.482 171.214 -87.159 -9.493 -1.843 3.825 -5.668 7.090
3 92.863 185.240 -94.316 -9.488 -1.837 3.826 -5.662 7.530
4 86.654 199.267 -101.480 -9.504 -1.849 3.827 &.67 7.770
5 81.232 213.294 -108.640 -9.512 -1.848 3.832 6%.68 8.300
6 75.801 227.321 -115.799 -9.510 -1.849 3.830 k.68 8.860
7 130.385 215.223 -116.676 -9.596 -2.289 3.654 4%.9 7.980
8 126.307 229.250 -123.836 -9.491 -2.330 3.581 16.9 8.500
9 120.832 243.277 -131.001 -9.647 -2.261 3.693 546.9 8.770
10 115.431 257.304 -138.162 -9.648 -2.260 3.694 954. 9.110
11 110.005 271.331 -145.322 -9.648 -2.261 3.694 955 9.390
12 104.579 285.357 -152.482 -9.650 -2.260 3.695 95%. 9.390
13 67.316 214.239 -114.025 -9.663 -2.097 3.783 8.8 7.080
14 61.140 228.265 -121.177 -9.657 -2.088 3.785 75.8 7.530
15 55.895 242.292 -128.337 -9.657 -2.089 3.784 75.8 9.080
16 50.468 256.319 -135.497 -9.655 -2.089 3.783 75.8 8.490
17 45.049 270.346 -142.657 -9.654 -2.089 3.782 75.8 8.750
18 39.618 284.373 -149.817 -9.653 -2.089 3.782 75.8 8.880
19 34.189 298.399 -156.977 -9.656 -2.089 3.783 75.8 8.930
20 130.284 215.223 -116.674 -9.656 -2.189 3.733  925. 5.870
21 125.830 229.250 -123.837 -9.691 -2.201 3.745 946. 6.210
22 120.767 243.277 -130.993 -9.555 -2.186 3.684 876. 6.440
23 114.893 257.304 -138.158 -9.688 -2.198 3.745 943, 6.950
24 109.471 271.331 -145.318 -9.689 -2.198 3.745 944, 6.860
25 134.094 215.223 -116.669 -9.775 -2.200 3.787 98%&. 4.410
26 130.199 229.250 -123.834 -9.792 -2.189 3.802 996. 4.800
27 124.769 243.277 -130.994 -9.788 -2.186 3.801 98%. 5.280
28 119.353 257.304 -138.155 -9.788 -2.187 3.801 98%. 5.760
29 113.933 271.331 -145.315 -9.789 -2.187 3.801 98%&. 6.180

AH¢° is heat of formation, MW is molecular weight, ©8otal energy[JHOMO is energy of highest occupied molecular othifd UMO is
energy of lowest unoccupied molecular orbitpls absolute hardnesgjs electronegativity and log K is binding constamitbenzene
sulfonamides to CA
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RESULTSAND DISCUSSION

Based on above quantum chemical descriptors, theRQ8odel of twenty nine derivatives of benzene audimide
has been studied. The purpose of the study isstathe suitability of the above quantum chemicabpeters as
possible biological activity descriptor in the dibmment of QSAR. In developing QSAR models, quantum
chemical descriptors used as independent varianldshe observed biological activity in term of IKgvalues as
dependent variable. We have considered 83 QSAR Imags#ng MLR analysfS?’ with the help of various
combinations of the descriptors shown in Tablet8 Tuantities of descriptors have been taken frabyier2.

Table 3. Combination of descriptorsfor MLR analysis

Predicted Activity

First descriptor

Second descriptor

Third descriptor

Fourth descriptor

SPAl Heat of Formation  Molecular Weight

SPA2 Heat of Formation  Total Energy

SPA3 Heat of Formation HOMO Energy

SPA4 Heat of Formation LUMO Energy

SPA5S Heat of Formation  Electronegativity

SPAG6 Heat of Formation  Absolute Hardness

SPA7 Molecular Weight ~ Total Energy

SPA8 Molecular Weight HOMO Energy

SPA9 Molecular Weight LUMO Energy

SPA10 Molecular Weight  Electronegativity

SPAll Molecular Weight  Absolute Hardness

SPA12 Total Energy HOMO Energy

SPA13 Total Energy LUMO Energy

SPAl4 Total Energy Electronegativity

SPA15 Total Energy Absolute Hardness

SPA16 HOMO Energy LUMO Energy

SPA17 HOMO Energy Electronegativity

SPA18 HOMO Energy Absolute Hardness

SPA19 LUMO Energy Electronegativity

SPA20 LUMO Energy Absolute Hardness

SPA21 Electronegativity =~ Absolute Hardness

SPA22 Heat of Formation  Molecular Weight ~ Total Eyyer

SPA23 Heat of Formation  Molecular Weight  HOMO Energ
SPA24 Heat of Formation  Molecular Weight  LUMO Energ
SPA25 Heat of Formation  Molecular Weight  Electroategty
SPA26 Heat of Formation  Molecular Weight ~ Absolu@rtthess
SPA27 Molecular Weight ~ Total Energy HOMO Energy
SPA28 Molecular Weight  Total Energy LUMO Energy
SPA29 Molecular Weight  Total Energy Electronegayivi
SPA30 Molecular Weight ~ Total Energy Absolute Hasine
SPA31 Total Energy HOMO Energy LUMO Energy
SPA32 Total Energy HOMO Energy Electronegativity
SPA33 Total Energy HOMO Energy Absolute Hardness
SPA34 HOMO Energy LUMO Energy Electronegativity
SPA35 HOMO Energy LUMO Energy Absolute Hardness
SPA36 LUMO Energy Electronegativity Absolute Hargae
SPA37 Molecular Weight HOMO Energy LUMO Energy
SPA38 Molecular Weight HOMO Energy Electronegativit
SPA39 Molecular Weight HOMO Energy Absolute Hardnes
SPA40 Molecular Weight LUMO Energy Electronegativit
SPA41 Molecular Weight LUMO Energy Absolute Hardnes
SPA42 Molecular Weight  Electronegativity AbsolutarHness
SPA43 Total Energy LUMO Energy Electronegativity
SPA44 Total Energy LUMO Energy Absolute Hardness
SPA45 Total Energy Electronegativity Absolute Hazst
SPA46 Heat of Formation  Total Energy HOMO Energy
SPA47 Heat of Formation  Total Energy LUMO Energy
SPA48 Heat of Formation  Total Energy Electronegytiv
SPA49 Heat of Formation  Total Energy Absolute Hagin
PSA50 Heat of Formation HOMO Energy LUMO Energy
SPA51 Heat of Formation HOMO Energy Electronegstivi
SPA52 Heat of Formation  Total Energy HOMO Energy sélote Hardness
SPA53 Heat of Formation LUMO Energy Electroneg#yivi
SPA54 Heat of Formation LUMO Energy Absolute Hasine
SPA55 Heat of Formation  Electronegativity AbsolHErdness
SPA56 HOMO Energy Electronegativity Absolute Harsie
SPA57 Heat of Formation  Molecular Weight ~ Total Eyer HOMO Energy
SPA58 Heat of Formation  Molecular Weight ~ Total Eyer LUMO Energy
SPA59 Heat of Formation  Molecular Weight ~ Total Eyyer Electronegativity
SPA60 Heat of Formation  Molecular Weight ~ Total Eyer Absolute Hardness
SPA61 Heat of Formation  Molecular Weight HOMO Energ  LUMO Energy

Available online at www.scholar sresear chlibrary.com

103



Praveen Srivastava et al

J. Comput. Methods Mal.

Des., 2012, 2 (3):99-106

SPAG2
SPAG3
SPAG4
SPAG5
SPAG6
SPAG7
SPAG8
SPAG9
SPA70
SPA71
SPA72
SPA73
SPA74
SPA75
SPA76
SPAT77
SPA78
SPAT79
SPA8O
SPA81
SPA82
SPA83

Heat of Formation
Heat of Formation
Heat of Formation
Heat of Formation
Heat of Formation
Molecular Weight
Molecular Weight
Molecular Weight
Molecular Weight
Molecular Weight
Molecular Weight
Molecular Weight
Molecular Weight
Total Energy
HOMO Energy
Heat of Formation
Heat of Formation
Heat of Formation
Heat of Formation
Heat of Formation
Heat of Formation
Heat of Formation

Molecular Weight
Molecular Weight
Molecular Weight
Molecular Weight
Molecular Weight
Total Energy
Total Energy
Total Energy
Total Energy
Total Energy
Total Energy
Total Energy
Total Energy
HOMO Energy
LUMO Energy
Total Energy
Total Energy
Total Energy
Total Energy
Total Energy
HOMO Energy
HOMO Energy

HOMO Energ
HOMO Energ
LUMO Energ
LUMO Energ
Electroategty
HOMO Energy
HOMO Energy
HOMO Energy
LUMO Energy
LUMO Energy
Electronegayivi
LUMO Energy
LUMO Energy
Electronegativity
Electronegativity
HOMO Energy
HOMO Energy
HOMO Energy
LUMO Energy
LUMO Energy
LUMO Energy
LUMO Energy

Electronegativity
Absolute Hardness
Electronegativity
Absolute Hardness
Absolute Hardness
LOMEnergy
dilenegativity
glose Hardness
fenegativity
Ahge Hardness
Absolute Hardness
fenegativity
Ahge Hardness
sAlute Hardness
Abge Hardness
MO Energy
ecHbonegativity
sélote Hardness
edionegativity
sBlite Hardness
dilenegativity
BAlose Hardness

In order to explore the reliability of the proposewdel we have used regression coefficient (r"2) aross-
validation coefficient (rCV~2). Out of above 83 QBAnodels only 51 models have predictive poweriase have
higher values (»0.5) of both rCV”2 and r*2 cméfhts, while the rest have either the value@f"2 («0.2) or
r"2 («0.5) or both much lower than their optimuniues. Out of 51 models the top five models areedsvin

I. Top first reliable QSAR model: The top first QSAR model is obtained when mutiekr regression analysis is
done by taking heat of formation as first descriptoolecular weight as second descriptor, totakrggnas third
descriptor and LUMO energy as fourth descriptore Tégression equation is given below:

SPA58=-0.0193872 AH; +0.871599 x MW +1.66239 x TE -27.894%1kUMO -47.0456

rCv~2=0.682865

r"2=0.848966

Eq.58

II. Top second reliable QSAR model: The top second QSAR model is obtained when min&alr regression
analysis is done by taking heat of formation ast fifescriptor, molecular weight as second descripdtal energy
as third descriptor and electronegativity as foaktcriptor. The regression equation is given below

SPA59=-0.0170746 AH; +0.278119 x MW +0.498118 x TE -20.3694 %*82.5278

rcv”2=0.56173

"2=0.840678

Eq.59

[11. Top third reliable QSAR model: The top third QSAR model is obtained when muitelr regression analysis
is done by taking molecular weight as first dedoriptotal energy as second descriptor, HOMO enagyhird
descriptor and LUMO energy as fourth descriptore Tégression equation is given below:

SPA67=0.677959 x MW +1.25548 x TE +5.51786HMOMO -18.9981 xJLUMO +17.7615

rCv~2=0.584151

r"2=0.816355

Eq.67

IV. Top fourth reliable QSAR model: The top fourth QSAR model is obtained when mutiear regression
analysis is done by taking molecular weight ag flesscriptor, total energy as second descriptorM@Cenergy as
third descriptor and electronegativity as fourtatétor. The regression equation is given below:

SPA68=0.677959 x MW +1.25548 x TE -13.4802IMHOMO -37.9962 % +17.7615

rCv~2=0.584151

r"2=0.816355

Eq.68
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V. Top fifth reliable QSAR model: The top fifth QSAR model is obtained when multidar regression analysis is
done by taking molecular weight as first descriptotal energy as second descriptor, HOMO energyhad
descriptor and absolute hardness as fourth descriptie regression equation is given below:

SPA69=0.677959 x MW +1.25548 x TE +24.516lMHOMO -37.9962 x) +17.7615
rCv~2=0.584151
r"2=0.816355 Eq.69

The grammatical representation of relationshipsveeh the predicted binding constant and observediryg
constant are shown in Figure 2.
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Figure 2. Graph between predicted and observed activity (logK)
CONCLUSION

The study shows that quantum chemical descripspeaally heat of formation, molecular weight, te@aergy and
energy of highest occupied molecular orbitals ef blenzene sulfonamides can be used as descriptoislagical
activity. On the basis of the derived model, SPAB33193872 >A\H; +0.871599 x MW +1.66239 x TE -27.8945 x
OLUMO -47.0456, one can build up a theoretical basisccess the biological activity of the compounfishe
same series.
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