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ABSTRACT

A study of the relationships between electroniacitmre ande-glucosidase inhibition for a series of oxadiazole
benzohydrazone derivatives. The electronic strectwas obtained at the B3LYP/6-31G(d,p) level aftdr
geometry optimization. The D-Cent-QSAR software lamedr multiple regression analysis were used lbbat a
statistically significant equation. Sites for thetdraction with electron-rich and electron-defidiecenters are
proposed.
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INTRODUCTION

a-glucosidase is a glycosidic hydrolase enzymeepites the brush border surface of intestinal c#lsatalyzes the
final step in the digestive process of carbohydraded is essential in the release of monosaccisafiten
carbohydrates, as human intestine only absorbs sasharides for blood circulation. Carbohydrate imatam
disorder results in an increase of glucose levelblood. This complication gives birth to Diabetdgllitus. o-
glucosidase inhibitors can delay the liberation ds§lucose from complex carbohydrates and delay ogleic
absorption, causing reduced postprandial plasmzogtilevels and the suppression of postprandiarigfyremia.
The interest for finding highly effectiveglucosidase inhibitors against diabetes led totensive search of natural
sources as well as to the synthesis and testiagyteat variety of molecular systems [1-35] (arffdrences therein).
In this paper we present the results of the apiiceof the Klopman-Peradejordi-Gémez (KPG) mettodhe
study of the relationships between the electrotriecture of a series of oxadiazole benzohydrazareatives and
their a-glucosidase inhibitory capacity.

MATERIALS AND METHODS

The Klopman-Peradejordi-Gémez (KPG) method emplolgete to obtain relationships between the eleatroni
structure and biological activity is the only membéthe formal methods class [36]. It is rootedtbe statistical-
mechanical definition of the equilibrium constandaKlopman’s formula for the interaction energyvbe¢n two
molecular systemsAg) [37-39]. The first version of this model proviieery good results for several kinds of
molecules and receptors [40-44]. Between 1980 &0iB,2the interaction energy expression was expanded
include the contribution of single molecular orlstadhe conceptual basis for calculating the odgahal parameter
of the substituents was presented and new localiatieactivity indices were obtained from thE expression [45-
48]. During year 2013 an important advance was aptished when it was shown that the method canppéeal
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productively to any biological activity [49]. Frothis moment the application of the KPG method toy\ifferent
molecular systems and biological activities prodc@expectedly good results ([50-73] and referenhesein).
Considering that the method has been presenteéxidined in detail in many publications, we sliidicuss here
only the resulting equations.

Selection of molecules and biological activities
The selected molecules are a group of oxadiazolediwdrazone derivatives and were selected froetent study
[15]. Their general formula and biological activiye displayed, respectively, in Fig. 1 and Table 1
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Figure 1. General formulas of oxadiazole benzohydmone derivatives

Table 1. Oxadiazole benzohydrazone derivatives andglucosidase inhibition [15]

Mol. Mol. Ry R, R3 R4 Rs |Og(|C5c)
1 6 H H OH H H 2.2¢€
2 7 H OH H H H 2.32
3 8 H OH OH H H 1.45
4 9 OH H H OH H 1.94
5 12 H OMe| OH H H 2.17
6 13 OH H OH H OH 1.47
7 16 Cl H H H H 0.7¢
8 18 OH H OH| OH H 0.42
9 20 OH H H OMe H 2.41
10 22 H H * H H 2.66
11 23 OH H H H H 1.54
12 24 * H H H H 1.40
13 25 F H H H H 1.27
14 26 H H F H H 1.68
15 27 H Cl H H H 1.83
16 28 H H Cl H H 1.38

In molecules marked *, the C atom (see Fig.2 beloag replaced by N.

Calculations

The electronic structure of all molecules was daled within the Density Functional Theory (DFT) thie
B3LYP/6-31g(d,p) level with full geometry optimizam [74]. The Gaussian suite of programs was usddhe
information needed to calculate numerical valuestf@ local atomic reactivity indices was obtairfeam the
Gaussian results with the D-Cent-QSAR software.[Afl]the electron populations smaller than or dgoz0.01 e
were considered as zero [48]. Negative electronuladipns coming from Mulliken Population Analysiserg
corrected as usual [76]. Orientational parametenewaken from Tables [77]. Since the resolutiothefsystem of
linear equations is not possible because we hatvenmaugh molecules, we made use of Linear Multfdgression
Analysis (LMRA) techniques to find the best solatid-or each case, a matrix containing the dependaidble
(the biological activity of each case) and the latamic reactivity indices of all atoms of the cmon skeleton as
independent variables was. The Statistica softwea® used for LMRA [78]. We worked with tloemmon skeleton
hypothesisstating that there is a definite collection ofray common to all molecules analyzed, that accoiamts
nearly all the biological activity. The action dfet substituents consists in modifying the electratiucture of the
common skeleton and influencing the right alignmehthe drug throughout the orientational paransetér is
hypothesized that different parts or this commoaeletion accounts for almost all the interactionglileg to the
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expression of a given biological activity. The coomskeleton for oxadiazole benzohydrazone derigatis shown
in Fig. 2.
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Figure 2. Common skeleton numbering of oxadiazolednzohydrazone derivatives
RESULTS

No statistically significant equation was obtainfed the whole set of molecules (n=16). We used chrigue

consisting in the extraction from the set, one bg,othe molecules having the highest values ofl@Ggl. We
obtained the following equation:

log(ICy,) = —9.46+ 6.56S ( HOMG P * 0.783' -

(1)
-0.02S," + 0.004.,- 0.62$( HOM®E )1 *

with n=13, R=0.99, R=0.98, adj-R=0.97, F(5,7)=77.69p0.00001) and SD=0.09. No outliers were detectetl an
no residuals fall outside the ¢dimits. Here, S(HOMO-2)*is the electrophilic superdelocalizabilibf the third
highest occupied MO localized on atom 3%g'Ss the total atomic nucleophilic superdelocalifigbiof atom 30,
S,," is the total atomic nucleophilic superdelocalifigbiof atom 22,¢r. is the orientational parameter of the R
substituent and $(HOMO-1)* is the electrophilic superdelocalizahjliof the second highest occupied MO
localized on atom 17. Tables 2 and 3 show the betdficients, the results of the t-test for sigrdfice of
coefficients and the matrix of squared correlatioefficients for the variables of Eg. 1. There acesignificant
internal correlations between independent variaPleble 3). Figure 3 displays the plot of observedcalculated
log(ICs0).

Table 2. Beta coefficients and t-test for signifiaace of coefficients in Eq. 1

Var. Bete | t(7) | p-level
S;F(HOMO-2)* | 1.01 |15.84 |<0.00000:
S 0.69 [10.63| <0.00001
SN -0.52|-7.87 | <0.0001
PRz 0.23(3.98 | <0.005

S5 (HOMO-1)* |-0.25(-3.19| <0.02
Table 3. Matrix of squared correlation coefficientsfor the variables in Eq. 1

S7E(HOMO-2)* S3CN SZZN Pr2

Sa” 0.27 1.0¢

S 0.17 0.221.00

Oro2 0.09 0.07/0.01/1.00
S (HOMO-1)* 0.31 0.3100.34/0.21
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Table 4. Local MO structure of atoms 7 and 17

Mol. Atom 7 (C) Atom 17 (C)
1(116) | 114115t116n-1172118119% | 114c115c116n-1172119120c
2(116) | 112113c116n-11771187119% | 112¢113r116n-1172118711%
3(120) | 116117t119-121n1220123t | 116011721190-121n1231124n
4 (120 | 11€n11in11Sn-121x1227125% | 11€n117r11Cn-121n122n12%0
5(124) | 12@121x123t-125t126n127t | 120c121n123n-125112711 28t
6 (124) | 12%123t124n-125c126n127t | 119c121n123n-125112701 280
7(120) | 11#118c1200-12101220123c | 115t117¢1200-121n1220123c
8(124) | 119121x123r-1251126n127t | 120n121n12 1-125c12701 28
9(124) | 12@121n123t-1251126n127t | 120121n123n-12511 2611270
10 (112 | 10&111(n112rn-1131124r115 | 107n10&rn112n-113n114n115R
11 (116)| 112113t1167-1177118c119r | 1130115t116n-1177118c119%
12 (112)| 108110t1127-113c114r115t | 109110t1127-113r114n1160
13(116) | 118114t1161-11701181119% | 1130114c1161-1171118111%
14 (116) | 11811471167-1177118c119c | 113t11421167-1177118t119%
15(120) | 11%118t120t-121n1220123t | 115111721200-121n12211230
16 (120 | 117n11&n12Cn-121n1227125 | 11€nl117n12(n-121n122712%n

Figure 3. Plot of predicteds observed log(I&) values (Eq. 1). Dashed lines denote the 95% denfie interval.
The associated statistical parameters of Eq. Icételithat this equation is statistically significamd that the
variation of the numerical values of a group o&flecal atomic reactivity indices of atoms of tleerenon skeleton
explains about 97% of the variation of logd§)C Figure 3, spanning about 2 orders of magnitstlews that there is
a good correlation of observegrsuscalculated values and that almost all points aside the 95% confidence
interval. This can be considered as an indirealenge that the common skeleton hypothesis worksively well
for this set of molecules. A very important poiotstress is the following. When a local atomic tiedy index of
an inner occupied MO (i.e., HOMO-1 and/or HOMO-2)a$ a higher vacant MO (LUMO+1 and/or LUMO+2)
appears in any equation, this means that the réngaiof the upper occupied MOs (for example, if HOMO
appears, upper means HOMO-1 and HOMO) or the reéngpiof the empty MOs (for example, if LUMO+1
appears, lower means the LUMO) contribute to theraction. Their absence in the equation only mehatsthe
variation of their numerical values does not actdion the variation of the numerical value of thilbgical

property.
Local Molecular Orbitals
Table 4 shows the local MO structure of atoms 7 Bnhdsee Fig. 2). Nomenclature: Molecule (HOMOKHOMO-
2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)* .
DISCUSSION
Table 2 shows that the importance of variablesdgn Eis SS(HOMO-2)*> S;0'> S,V> S;5(HOMO-1)*> Or2- A

high inhibitory activity is associated with low nenical values for the orientational parameter ef B substituent
(9ro) and S5 (HOMO-1)* and with high (negative) numerical valules S,5(HOMO-2)*. If Sy, is positive, low
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numerical values for this index are associated Wigh activity. If $," is positive, high numerical values for this
index are associated with high activity. Atom ‘&isarbon in ring B (Fig. 2). The three highest @ied local MOs
have arn nature (Table 4). The high value off HHOMO-2)* suggests that this MO seems to be engagesh
interaction with empty MOs of the site. Regardin§(BOMO-1)* and S5(HOMO)*, that do not appear in Eq. 1, a
plot of log(1G) versustheir values (not shown here) also suggests ltegtare engaged in interactions with one or
more empty MOs of the site. These data allow usuggest that atom 7 is interacting with an electteficient
center. Atom 17 is a carbon in ring C (Fig. 2). igthinhibitory activity is associated with low (regg/e) numerical
values for $5(HOMO-1)*. Table 4 shows that the three highestupied local MOs haver nature. A plot of
S, (HOMO-1)* versusinhibitory activity (not shown here) indicates tlaéso a high inhibitory activity is associated
with low (negative) numerical values. Thereforesgems that these two MOs are engaged in reputgemeactions
with one or more occupied MOs of the site. Themmald seems to interact with an electron-rich cemteam 22 is

a carbon in the chain linking rings C and D (Fi3. High numerical (positive) values for% are obtained by
shifting downwards the associated eigenvalue. keemember that the LUMO and close vacant MOslerertain
numerical components of'SThis procedure makes the LUMO more reactive. &hee, we suggest that atom 22 is
interacting with an electron-rich center. Atom 3@icarbon in ring D (Fig. 2). If positive, low narical values for
Sso" are associated with high inhibitory activity. Thdew values are obtained by shifting upwards thleie of the
associated eigenvalue and making the vacant MQsrésexctive. Therefore we suggest that atom 30tésanting
with an electron-deficient center. A high inhibigaactivity is also associated with low values foe torientational
parameter of the Fsubstituent. In our case, B H, Cl, OH or OMe (Table 1). To suggest the ratf the optimal
substituent is rather complicated for two reasdiige first one is the direct influence of the sulstit upon the
electronic structure of ring D, and especially dona 30. The second reason is that a substituentaffegt the
wholeelectronic structure of the molecule producingndes in the MO localization. It seems that the melsable
approach is to carry out electronic structure dattans with substituents of different sizes butihg in common a
similar effect on the ring. All the suggestions digplayed in the partial 2D pharmacophore of Big.
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Figure 4. Partial 2D pharmacophore for the inhibition of a-glucosidase by a group of oxadiazole benzohydrazeulerivatives

In summary, we obtained a statistically significaatationship between electronic structure andlucosidase
inhibition for a group of oxadiazole benzohydrazaterivatives. This information should serve as aishdor
proposing new molecular systems endowed with adnigthibitory activity.
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