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Abstract: This study presents Quantitative Structure AcgtiRelationships (QSAR) study
on a pool of 18 bio-active sulfonamide compounddctvhincludes five acetazolamide
derivatives, eight sulfanilamide derivatives angefclinically used sulfonamides molecules
as drugs namely acetazolamide, methazolamide, adagittenamide, ethoxolamide and
dorzolamide. For all the compounds, initial geomeiptimizations were carried out with a
molecular mechanics (MM) method using the MM+ forftelds. The lowest energy
conformations of the compounds obtained by the M&thod were further optimized by the
Density Functional Theory (DFT) method by employiBgcke’'s three-parameter hybrid
functional (B3LYP) and 6-31G (d) basis set. Moleculdescriptors, dipole moment,
electronegativity, total energy at 0 K, entropy 288 K, HOMO and LUMO energies
obtained from DFT calculations provide valuableomfation and have a significant role in
the assessment of carbonic anhydrase (CA-Il) itdnpiactivity of the compounds. By using
the multiple linear regression technique severahR®odels have been drown up with the
help these calculated descriptors and carbonic dxabg (CA-Il) inhibitory data of the
molecules. Among the obtained QSAR models presantéie study, statistically the most
significant one is a five parameters linear equmatath the squared correlation coefficient
R® values of ca. 0.94 and the squared cross-validaieelation coefficient B, values of
ca. 0.85. The results were discussed in the lighthe main factors that influence the
inhibitory activity of the carbonic anhydrase (CAisozyme.
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1. Introduction

Acetazolamide, methazolamide, dichlorophenamidepxatlamide and dorzolamide, as carbonic
anhydrase (CA-ll) isozyme inhibitors, sulfonamidempounds are clinically used drugs for the
treatment of glaucoma [1]. CA-Il reversibly catadgzthe reaction of # and CQ to form carbonic
acid and subsequently the bicarbonate ion HCThe HCG, ion is responsible for the movement of

Na’ ion into the eye. Water follows N#o form the aqueous humor. CA-Il inhibition by agent such
as one of the drugs mentioned above decreases@lx kbn concentration and therefore the flow of

Na" and HO into the posterior chamber, resulting in decrégs®duction of aqueous humor and
hence a lowering of intraocular pressure (IOP) Zaucoma, the leading cause of blindness world-
wide , is the general term for a group of ophthaldisorders characterized by an increase in IOR. Th
gives rise to damage to the optic disc and vise#d flisturbances of the eye. IOP increases thrangh
imbalance between the production and drainage eé@gs humor. Agents such as mentioned above,
used to treat glaucoma, are designed to decre&sEJlO

All the drugs used for the treatment of glaucomeehsome systemic side effects [4]. To reduce side
effects of the drugs, it is of interest to devetmw agents for the topical use of CA-Il inhibitdos the
long-term management of glaucoma. For the resectiee prospect of overcoming the systemic side
effects of a drug, achieving an effect at a muchelodose, is very attractive. Modification of the
structure of a known drug is one way to develop dewgs. For this purpose, members of our group
have synthesized and reported new five acetazolikid and eight sulfanilamide-like derivatives,
which are the subject of the present study. These derivatives have been obtained by modification
of acetazolamide and sulfanilamide using the fagraach [5]. The inhibition constanti ) of these
new molecules against the carbonic anhydrase eng#nd are shown in Table 1, are much lower
than their mother molecule acetazolamide and siafarde. Therefore, these derivatives can be the
subject of further investigation to explore the gibgities of becoming candidate drugs.

Quantitative structure activity relationships (QSARudies are tools of predicting endpoints of
interest in organic molecules acting as drugs M&ny physiological activities of molecules can be
related to their composition and structures. Mdicudescriptors, which are the numerical
representation of the molecular structures, ard te@erform QSAR analysis [7]. In the literatuia,
the calculation of the quantum mechanical molecdéscriptors used in QSAR studies, usually semi-
empirical methods such as AM1 and PM3 mainly haenlused [8-10]. However, some recent QSAR
studies [11-13] have shown that choice of the metBT instead of AM1 [14] or PM3 [15,16] results
in better to correlation between calculated resaid experimental data. Therefore, the DFT method i
expected to lead to statistically more accurate R&#odel by comparing the semi-empirical methods.

Aim of the present study is to build QSAR modelmgsnultiple regression method, to explore the
correlations between the experimental the inhibitioonstants K;) and calculated molecular
descriptors of 18 aromatic and heterocyclic sulfoise compounds.
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2. Theory and Computational details

For all the molecules, 3-D modeling and calculatiomere performed using the Gaussian 03
quantum chemistry package [17]. For saving compartat time, initial geometry optimizations were
carried out with a molecular mechanics (MM) methisthg the MM+ force fields. The lowest energy
confirmations of the molecules obtained by the MMthod were further optimized by the DFT [18]
method by employing Becke’s three-parameter hyfordtional (B3LYP) [19] and the 6-31G (d) basis
set; their fundamental vibrations were also catedaising the same level of the theory to check if
there were true minima. Program CODES®&Afiprehensivdescriptors forStructural andStatistical
Analysis), Version 2.7.2 [20], was used to extraet ¢alculated molecular descriptors from Gaussian
03 output files. This code uses diverse statisstalcture property activity correlation techniques
the analysis of experimental data in combinatiothwalculated molecular descriptors. The heuristic
method, implemented in CODESSA PRO was employeddtarcting the ‘best’ regression model.

In recent years, increased use has been made bFhenethod for predicting molecular properties
of relatively large molecules. DFT enables to clai®u molecular properties such as optimized
geometry and energy, with the accuracy as goodeatr@n-correlated ab initio methods such as MP2,
but requires much less computational time [21]. &oraccurate calculation of molecular properties,
choice of the basis set and method are importakt tand vary for the type of molecules of interest.

Molecular descriptors, calculated using quantum haeal methods have been used in many
QSAR studies [6,7]. They enable determination ofetwalar quantities characterizing reactivity, shape
and binding properties of molecules. The valuesnaflecular descriptors, derived from our
calculations for the 18 sulfonamide compounds dradr texperimental inhibition constarif are
presented in Table 2. Two of these descriptorgtedl| to the thermo chemistry of the molecules
obtained from frequency calculation at the optirdigeometry, are the total energy at 0 K (in a.nd a
entropy at 298 K (in cal/mol K). Energies (in e\Mf)tbe HOMO (highest occupied molecular orbital)
and LUMO (lowest unoccupied molecular orbital) popular quantum mechanical descriptors which
play a major role in governing many chemical reaxgiand determining electronic band gaps in solids
[22-24]. The energy of the HOMO is directly relatiedthe ionization potential and characterizes the
susceptibility of a molecule. According to Koopmahgorem, the ionization potentiaho (eV) is
defined a$,,,,o = ~E.owo - The same idea applies for the electron affinétlcalation . The energy of
the LUMO is directly related to the electron affjnand characterizes the susceptibility of the malie
towards attack by nucleophiles [25]. The electréfimity .umo (€V) is obtained through Koopmans
theorem a®\ ,,,0 = E.uwo - The polarity of a molecule is well known to bepiontant for various
physicochemical properties. The dipole moment ésrtfost obvious and most widely-used quantity to
describe the polarity of a molecule [26]. The ramrag descriptor presented in Table 2, namely
electronegativity, is derived from the DFT framelwd27]. The electronegativity is defined as the

negative of the partial derivative of energyf an atomic or molecular system with respect ® th
number of electron®N with a constant external potent}a(r)[28].

H=-x=~(0EION),, 1)
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By combining Eq. (1) with the earlier work of Icakeki and Margrave [29], assuming a quadratic
relationship betweeit and N and in a finite difference approximation, Eq. (Ahde rewritten as

I +a)
2

or

(2)

X=—U=

— EHOMO + ELUMO

X Koopmans 2

3)

3. Results and discussion

The list of the chemical name and value of thebiilbn constants in decadic logarithm If
(in nM) of 18 sulfonamide compounds taken from likerature [5] are given in Table 1. Structural
details of the compounds used in this study aregmted in Figure 1. Molecular descriptors, dipole
moment, electronegativity, total energy at 0 Kryepy at 298 K, HOMO and LUMO energies obtained
from DFT calculations are presented in Table 2.s€hdescriptors used in order to select the dominant
parameters affecting the inhibitory activity of tt@mpounds.

Table 1.The list of chemical name of the compounds studrtitheir observed Légvalues.

Number Chemical name LogK,
(nV)
Cl Acetazolamide 1.079
C2 2-(2-morpholinoethanoylamino)-1,3,4-thiadiazoletBtgnamide 0

C3 2-(2-methylpiperidinoethanoylamino)-1,3,4-thiadikz6-sulfonamide ~ 0.579
C4 2-(2-benzylpiperazinoethanoylamino)-1,3,4-thiadleZ®-sulfonamide  0.255
C5 2-(2-methylpiperazinoethanoylamino)-1,3,4-thiadiaze-sulfonamide ~ 0.204
C6 2-(3-methylpiperazinopropionylamino)-1,3,4-thiachée5 sulfonamide 0.278

C7 4-(3-methylpiperazinopropionylamino)benzene sulfoide 2.217
C8 4-(3-benzylpiperazinopropionylamino)benzene sulfoiake 2.369
C9 4-(3-methylpiperidinopropionylamino)benzene sulfionde 2.238
C10  4-(3-benzylpiperidinopropionylamino)benzene sulimnde 2411
Cl1  4-(2-Morpholinoethanoylamino)benzene sulfonamide 934.
Cl12  4-(4-methylpiperidinobutanoylamino)benzene sulfortEm 2.423
C13  4-(4-Morpholinobutanoylamino)benzene sulfonamide 01z.
Cl4  4-(5-Morpholinopentanoylamino)benzene sulfonamide .88a
Cl15 Methazolamide 1.146
C16  Dichlorophenamide 0.903
Cl17  Ethoxolamide 1.579

C18 Dorzolamide 0.954
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The heuristic method, implemented in CODESSA PRQ@ tweabuilt the multiple linear regression
QSAR models which are given in Table 3. The gooslrddit of the models was tested the squared
correlation coefficient (B, theF-test (F) and the standard deviation of the reguass’). For testing
the predictive performance of the modeRé, ‘leave one out’ (LOO), the squared cross-validated
coefficient method was used. LOO approach consisideveloping a number of models with one
sample omitted at the time. After developing eacbdeh, the omitted data are predicted and the
differences between experimental and predictediigctvalues are calculated. The best models that
were produced are shown in Table 3. Among the nsodeé best goodness of fit is the model 3 with
the R'=0.943, the F=32.20 ané%.067.
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Figure 1. Structural details of compounds used in presemtyst
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Interestingly, the model 4 with the best predictp@ver one (R.,=0.893) has a relatively lower
goodness of fit as evident from it$#.936 in comparison with the model 3%R.943). Using the
model 3, predicted inhibition constants of compauace presented in Table 2. It should be noted that
C3 andC17 are outliers in this model.

Table 2. Calculated descriptors and predicted and expetaherhibitory activity data of compounds
studied.

7] X Te S &4 & p-LogK, e-LogK|
(nM) (nM)
C1 7.5833 -4.53035 -1396.8718.94 -7.2557 -1.805 1.012 1.079
C2 9.274  -4.1552 -1683.3445.33-6.6162 -1.6942  0.493 0
C3 5.8951 -3.9868 -1686.7152.64 -6.2878 -1.6858 1.428 0.579
C4 10.2529 -3.85355 -1933.71175.90 -6.0951 -1.612 0.307 0.255
C5 10.1516 -3.94525 -1702.74151.82 -6.2687 -1.6218 0.347 0.204
C6 11.158 -3.8854 -1742.0357.09 -6.2848 -1.486 0.141 0.278
Cc7 5.0308 -3.3077 -1389.1662.30 -5.4515 -1.163 2.424 2.217
C8 5.0246 -3.31233 -1620.1385.74 -5.4529 -1.1717 2.409 2.369
C9 5.2198 -3.19450 -1373.1363.50-5.2651 -1.1238 2.424 2.238
C10 5.3093 -3.30498 -1604.0988.00-5.4442 -1.1657 2.415 2.411
Cl1 7.6717 -3.34104 -1330.4646.79-5.7832 -0.8988 1.659 1.939
Cl2 6.7593 -3.52812 -1412.4168.51-6.1843 -0.8718 2.167 2.423
Cl13 5.9426 -4.05371 -1409.0364.41 -5.6219 -2.4855 2.047 2.017
Cl4 6.0641 -4.31208 -1448.3172.06-4.4831 -4.1410 1.789 1.886
Cl15 7.1901 -4.05562 -1436.1%27.97 -6.4273 -1.6838 1.154 1.146
Cl6 09875 -4.77509 -2359.1233.05-7.5291 -2.0210 0.954 0.903
Cl7 8.1089 -3.95738 -1480.2626.83-6.2545 -1.6601 0.809 1.579

C18 6.8271 -4.08378 -1995.2351.46 -6.4665 -6.4665 0.570 0.954
4, dipole moment (debye, electronegativity (eV)T,, total energy at 0 K (a.u. entropy at 298 K (cal/M-K)g,, energy

of HOMO (eV); & energy of LUMO (eV);

e-LodK , experimental inhibition constants (nM) takemfirthe literature [5]; p-Lolg, , predicted inhibition constant (nM)
by model 3.

When all the compounds (N=18) have been takenaatount, the best model we obtained is model
1 which is a tetra-parametric regression equafidns model has good statistical characteristics as
evident from its R=0.857, F=19.4 and’s0.137 values. It also has a satisfactory prediciower as
evident from its R-,=0.78 value. In the case of N=18, the second besleiris model 2 which is a tri-
parametric regression equation. Statistical charestics of this model are slightly lower in comigan
with model 1, but it still has good statistical dihd satisfactory predictive power. Only one ddfese
between model 1 and 2 is the removal of electranetya y. When two compound<C@ and C17)
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were treated as outliers the best model obtainedadel 3 which is a penta-parametric regression
equation with very good statistical fit and gooddgictive power as evident from itS$9.943, F=33.2,
$°=0.067 and R.,=0.855 values. Model 4 and 5 have the same desisipis model 1 and 2. The
comparison of model 1 and 4 indicates that thera tsemendous improvement in the quality of
regression such that’Ralue changes from 0.857 to 0.936 and standarihtitmv of the regression
from 0.137 to 0.068 whe@@1 andC17 are outliers. Similar degree of improvement carséen by
comparison of model 2 and 5. Model 4 and 5 alsaehaery good predictive power as evident from
their Rcv=0.893 and R.,=0.883 values respectively. Figure 2. shows a giatxperimental Lok
versus predicted Lag using the model 3.

Table 3.Obtained QSAR models for the molecules studiethag&A-Il isozyme.

No Equation Statistical characteristics
1 LogK=5.869+0.001T-0.225+0.00915+0.403¢ N=18, R=0.857, F=19.4
$=0.137 R¢,=0.789

2 LogK;=3.965+0.0020-0.224+0.0148 N=18, R=0.837, F=24.0
£=0.145 R~,=0.775

3 LogK=3.071+0.0020.-0.244+0.001%5+0.253-0.2025; N=16, R=0.943, F=33.2
£=0.067 R~,=0.855
(C3 andC17 outliers)

4 LogK;=4.938+0.001T0.238+0.00125+0.304y N=16, R=0.936, F=40.8
£=0.068 R~,=0.893
(C3 andC17 outliers)

5 LogK,;=3.446+0.0019,-0.238+0.0148 N=16, R=0.925, F=49.7
§=0.073 R,=0.883
(C3 andC17 outliers)

A perusal of Table 3. shows that three factors marnwtal energy at 0 K, dipole moment and
entropy at 298 K of the compounds play a major nolthe inhibitory activity against CA-ll isozyme.
According to all the models in Table 3., the regi@s coefficient of total energye are positive,
therefore, Lok increases with the increasiiig The regression coefficient of dipole momenéare
negative that means LKgincreases with the decreasingContribution of entropy to the biological
activity in the models is the same as total enekggK, increases with the increasii®y Remaining
descriptors involved in models are electronegatiyibnd LUMO energ\, represent reactivity of the
compoundsy has the positive regression coefficient in mode and 4 & has negative the regression
coefficient in model 3. It should be noted thatdmymparison of model 5 and 3 shows that by adding
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the y and&, in the regression equation results an improverimetiite quality of regression such th&t R
value changes from 0.925 to 0.943.

y = 0,9931x + 0,0143

Observed K i

Calculated -K |

Figure 2. Plot of observed Ld¢ versus calculated Légfor the 16 compounds using Eq. 3 excluding
two outliers (C3 and C17).

Literatures [30, 31 and 33] have shown that sulfmda compounds bind as anions to the Zn(ll) ion
within the CAIl active site. They concluded thatiisition properties of these compounds can be
accounted by several factors. These include thailisgaof CAIl enzyme-sulfonamides compound
complex being stabilized by a large favorable dpth@hange associated with the binding of the
sulfonamide to the CAIl. Another factor that infhees inhibition properties of the compounds, weak
coordination bond between the active site Zn (i iand sulfonamide nitrogen is enormously
supplemented by the cooperative interaction ofdiganic moieties of the inhibitor with the amino
acid side chains from the active site. The modelgable 3, we produced, accord with these liteestur
According to our models, inhibition activity of c@munds is mainly affected thermo dynamical
properties such as total energy, entropy and pylafi molecule (dipole moment) and reactivity of
molecules (electronegativity and LUMO energy).

4. Conclusions

The results given above indicate that QSAR of itwb constant (Lol,) of sulfonamides
compounds to CA-Il isozyme can be modeled with Bi#€lr-based quantum mechanical molecular
descriptors. The best produced model is a pentnapetric regression equation with very good
statistical fit and good predictive power as evidémm its R=0.943, F=33.2, %0.067 and
R%,=0.855 values. An analysis of descriptors that ive in the models, indicates that inhibition of
CA-Il is influenced by energy, entropy, polaritydareactivity indexes of sulfonamide compounds.
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