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A QSAR study on the inhibition of Bacillus subtilis and Salmonella enteritidis by 1,2,4-triazoles using several
physicochemical descriptors was performed. The 1,2,4-triazoles consist of 18 derivatives with N'-aryl- or N'-
heteroaryl substituted rings and having aminomethyl or aminoethyl unit. The 6 best models were selected for the dis-
cussion. Initial regression analysis indicated that 7 plays a dominating role in modelling the activity in all proposed
models. The correlation coefficients were 0.80 — 0.99 in all cases, and the standard deviation was below 0.42. Good
cross-validation 07 values were obtained (Q*> 0.72). The ratio of PRESS/SSY ranges between 0.002-0.169, indicat-
ing that all proposed models are reliable QSAR models. A statistically significant result for the bacterial inhibitory
activity of the chosen triazole derivatives against S. enteritidis, using the eight descriptors, was not obtained.
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QSAR-CTYINJA HA 1,2,4-TPUA30/U CO ITPUMEHA HA HEKOU ®U3NIKO-XEMUNCKHU
JECKPUIITOPHN

Co kopucTteme Ha (PU3MIKO-XEMUCKH eCKpUNTOpH € m3paboreHa QSAR-cTyanja 3a MHXUOMIIMOHOTO
nejcTBo Ha 1,2,4-Tpma3onu Bo ogHOC Ha Bacillus subtilis m Salmonella enteritidis. CepujaTta Ha 1,2,4-Tpnazonn
ce cocTom off 18 mepuBaTé KoM cogpKaT CyNCTUTYMPaHy jagpa Ha N'-apui- u N!-xeTepoapui, Kako u rpynu
Ha aMIHOMETIUI 1 amMmuHOoeTw1. Hajnobpure 6 Mopeny ce aHATM3WpaHU U Of] aHAJIM3aTa MOXKe fla Cce 3aKIyIn
JeKa mapameTapoT 77 IMa JOMUHAHTHO BIIMjaHUE NIPU MOJICIUPAKETO HA aKTUBHOCTA BO CUTE NPEJIOKEHU
mopenu. Kaj cute Monenu Kopenannonute KoeduuueHTn ce 3agoponutenan (R = 0,80 — 0,99) u crangapn-
HuTe fepujaumu ce nop 0,2. lo6uenn ce u 106pyu BpeAHOCTH 3a Koeduuuentor 7 (Q% > 0,72). BpeanoctuTe
Ha PRESS/SSY ce pmkat Bo rpanunute o 0,002 — 0,169, mTo ykaxkyBa Ha (pakTOT IeKa CUTE NPEAIOKEHN
Mofienn ce BepopocTojuu. He ce goOmeHM 3afOBONIMTENHM pe3yiTaTH 3a OaKTeprcKaTa aKTHBHOCT Ha
n36paHNTe TPUA30IHN COeUHEHNja BO OTHOC Ha Salmonella enteritidis.

Kayunu 360poBu: QSAR; 1,2,4-Tpua3ou; NOBPIIMHCKY HATIOH; MHIEKC Ha pedpakuuja; Bpeanoctu O

INTRODUCTION

The investigation of the quantitative structure
activity/property relationships (QSAR/OSPR) of
substances is an important aspect of modern chem-
istry, biochemistry, medicinal chemistry, and drug
discovery [1-6]. The information obtained is com-
posed of mathematical equations relating the
chemical structure of the compounds to a wide

variety of their physical, chemical, biological and
technological properties. Once a correlation be-
tween structure and activity/property is found, any
number of compounds, including those not synthe-
sized yet, can readily be screened in silico for se-
lection of structures with desired properties.
Hence, it is possible to select the most promising
compounds for synthesis and testing in the labora-

tory.
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The recent findings that the 1,2,4-triazole nu-
cleus is associated with diverse biological activi-
ties such as analgetic, antiasthmatic, diuretic, anti-
hypertensive, antibacterial, antifungal and anti-
nflammatory properties [7—14], prompted us to
synthesize some new 1,2,4-triazole derivatives and
to investigate their antibacterial and antifungal
activities. The Mannich reaction (aminomethyl-
ation) of some heterocycles (benzotriazoles, ben-
zimidazoles), formaldehyde and aliphatic and aro-
matic amines is well established [15]. N-hydroxy-
ethyl derivatives of heterocycles, under the influ-
ence of amines, can also yield the corresponding
Mannich bases [15, 16]. It is also known that some
aminomethyl heterocycles possess biological and
corrosion-inhibition activities, and can be used as
additives in greasy oils as well as photopolymeriz-
ing paints for improving adhesion [17-22].

Spurred by the need of new antimicrobial
agents and the fact that many new effective antim-
icrobial drugs possess heterocyclic rings in their
structure, we synthesized and investigated several
new 1,2,4-triazole derivatives during the last few
years [23-26]. A group of 18 N'-aryl/heteroaryl-
aminomethyl/ethyl-1,2,4-triazoles was synthesized
(Figure 1; Table 1) by condensation of a hydroxy-
methyl derivative of 1,2,4-triazole and the appropri-
ate aromatic/heteroaromatic amines, and by reaction
of 1,2,4-triazole, acetaldehyde and few aro-
matic/heteroaromatic amines. All synthesized
compounds were screened for their antibacterial
and antifungal activities against Bacillus subtilis
and Salmonella enteritidis [23].

EXPERIMENTAL
Materials

All N'-aryl/heteroarylaminomethyl/ethyl-1,2,4-
triazole derivatives (1-18), (Fig. 1, Table 1) used
in this study were already synthesized, as reported
elsewhere [23].

1H-1,2,4-triazole in reaction with formalde-
hyde/acetaldehyde and the corresponding aroma-
tic/heteroaromatic amines produces N'-aryl/hetero-
arylaminomethyl/ethyl-1,2,4-triazoles (Fig. 1), which
have not been investigated previously. These com-
pounds are of considerable synthetic interest as
substances with potential biological activity. For
that purpose substituted aromatic and heteroromatic
amines have been chosen and special attention

paid to the electron deficient heterocyclic amines.
Reactions of 1-hydroxymethyl-1H-1,2,4-triazole
with a number of aromatic/heteroaromatic amines
in ethanol gave N'-aryl/heteroaryaminoethyl-1,2,4-
triazoles (1-9, 11-16) in a pure state according to
the route I presented in Scheme I. In order to
achieve this product, it was first necessary to con-
vert the starting material (/H-1,2,4-triazole) to the
corresponding 1-hydroxymethyl-1H-1,2 4-triazole.
The 1-hydroxymetyl-1H-1,2,4-triazole (mp = 65—
67 °C) is produced by the reaction of paraformal-
dehyde (“in situ” source of formaldehyde), 1H-
1,2,4-triazole and catalytic amount of triethylamine.
The structure of I-hydroxymethyl-1H-1,2,4-triazole
was established by IR and 'H NMR spectra.

N N
+ HCHO Q ‘N + Ar-NH l ‘N
. N

N(C2Hs)3 | CoH50H |
N— RoadT CHj-OH CHy-NH-Ar
QN/N 1H-1-hydroxymethyl-1,2,4-triazole (1-8, 11-16
I‘Ll Road 11|
+ CH3CHO + Ar-NH N
1,2,4-triazole l _N
CoH50H 1‘\1
CH3.CH-NH-Ar
(9,10,17,18

Fig. 1. N'-aryl/heteroarylaminomethyl/ethyl-1,2,4-triazoles
(1-18)

When I-hydroxymethyl-1H-1,2,4-triazole reacts
with aromatic amines such as benzocaine; o- and
p-aminobenzoic acids; p-chloro- and p-bromoani-
line; p-toluidine; p-aminobiphenyl and p-phenylene-
diamine, N'-arylaminomethyl-1,2,4-triazoles are
produced (1-8). I-Hydroxymethyl-1H-1,2,4-triazole
was used as starting material once again for the het-
eroaromatic amines: 2-amino-, 4-methyl-2-amino-, 6-
methyl-2-amino-, 6-chloro-2-aminopyridine and 4-
amino-1,2,4-triazole, and N'-heteroarylaminomethyl-
1,2,4-triazoles were obtained (11-16). The melting
points, time of reaction, yield and elemental analysis
of those compounds are given in Tablel.

Acetaldehyde can also be used successfully
as starting material for the condensation of 1,2,4-
triazole and aromatic/heteroaromatic amines (Fig.
1, route II). N'-aryl/heteroarylaminoethyl-1,2,4-
triazoles (9,10,17,18) were obtained in good yield
(Table 1) by mild heating of equimolar quantity of
1H-1,2,4-triazole, acetaldehyde and amines: ben-
zocaine, p-nitroaniline; 2-amino-6-methylpyridine
and 2-aminothiazole. The structures of the new
aminomethyl/ethyl-1,2,4-triazole derivatives were
confirmed by their IR, "H NMR and UV spectra [23].

Maced. J. Chem. Chem. Eng., 28 (1), 79-89 (2009)
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Table 1
Nl-aryl/heteroarylaminomethyl/ethyl-1,2, 4-triazole derivatives (1-18) used in the present study
o ) N Mol f?;./élglr;ol- wt) (13?) Elem. analzlos/(is cal./found
C H N

1 H -CeH,-COOC,Hs (p) | C1oH1iN,0,/246.27 129-130 gg (Sé gg §§§8
2 H -C4H,-COOH (p) C1oH10N,0,/218.21 185-186 55 i’ﬂ‘; g:gg 52;%
3 H -C¢H4-COOH (0) CioH1oN40,/218.21 170-171 2451(5)‘; ‘5‘?5 ;g?g
4 H -C¢H4-Cl (p) CyHyN,4C1/208.65 89-91 2}2; ji? 322(5)
5 H -C¢H4-Br (p) CoHoN,Br/253.11 66—68 jﬁ :;(1) i:i? §§;}(§
6 H -C¢H4-CH; (p) CyoH1,N4/88.23 64-66 g;gé gig ;g;g
7 H -Cs¢H4-CeHs (p) Cy5H14N4/250.30 124-125 ;}ZZ z?g ;;22
8 H “CoNe-NH-CHy- x@ CioH14Ng/270.30 10-151 | 2% | 02| %
9 CH; -C¢H4-COOC,Hs (p) Cy3H14N40,/260.29 134-136 ggzg 2411? ;;3?
10 CH; -C¢H4-NO» (p) CyoH11N50,/233.237 149-150 g}gg ‘5‘?2 2(9)3?
1 H 2-Pyridyl- CsHyNs/175.19 100-102 2431:2(5) gi? gggg
2 [H | eMabl2pyrgy- | GHaNGSS2E | 10s09 | 33 | 24 | 300
13 H 6- Methyl-2- pyridyl - | CoH;{N5/185.21 94-95 ggég 222 gggé
14 H 5-Chloro-2-pyridyl- CsHgNsC1/206.61 153-155 32:82 ;:gé §§?§
15 H 2-Pyrimidyl- C7HsNg/176.18 149-150 3;% 3:32 j;gg
16 H 1,2,4-Triazole-4-yl CsH;N7/165.16 123 224318 jé; gzzg
17 CH; 6-Methyl-2-pyridyl- CyoH13N5/203.25 136 gg;g ggg g;lgg
18 CH; 2-Thiazolyl- C,HyN5S/195.25 171-172 j;:gg 3123 gg%

Microbiology

The filter paper disc method [27] was per-
formed in Mueller Hinton agar. These agar media
were inoculated with 0.5 mL of the 24 h liquid
cultures containing 10’ microorganisms/mL. Filter
paper discs (5 mm diameter) saturated with each

Maced. J. Chem. Chem. Eng., 28 (1), 79-89 (2009)

compound solution (1 mg/mL; 5 mg/mL and 10
mg/mL in DMSO) were placed on the indicated
agar media. The plates were incubated at 37 C for
24 h. Discs with DMSO were used as control. The
diameter of zone inhibition [mm] was measured.
The tests were repeated 3 times to confirm the
findings.
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In our work, the chosen model is based on the
in vitro antimicrobial activity of certain N'-
aryl/heteroarylaminomethyl/ethyl-1,2,4-triazoles
derivatives (1-18) (Fig. 1) against Bacillus subtilis
and Salmonella enteritidis, expressed as zone of

i v

~

1 mg/mL DMSO

Fig. 2. Filter paper discs saturated with compound (16)
solution (1 mg/mL; 5 mg/mL and 10 mg/mL in DMSO)

inhibition [mm], using 3 concentrations: 1 mg/mL,
5 mg/mL and 10 mg/mL in DMSO (Table 2). C is
the minimum inhibition concentration (MIC) value
expressed in molar concentration units (Table 2).

Fig. 3. The most active compound (16)
against Bacillus subtilis

Table 2
Experimental zone of inhibition [mm] obtained against: B. subtilis and S. enteritidis and calculated log1/C values
Bacillus subtilis Salmonella enteritidis
Comp. . e
Zone of inhibition [mm] Zone of inhibition [mm] a
No: MIC® g 1/C MIC e 1/ c
1 5 10 (mol/mL) °% 1 5 10 (mol/mL) %
(mg/mL)°  (mg/mL)’ (mg/mL)’ (mg/mL)° (mg/mL)’ (mg/mL)"
1 6 6 6 4.061 E-6 5.391 6 7.5 9.5 4.061 E-6  5.391
2 - 6 6 2.291E-5 4.639 6 6.5 4583 E-6 5.339
3 _ _ —_ —_ —_ —_ _ _ _ _
4 - - 4793 E-5 4.319 6 6 6.5 4793 E-6  5.319
5 - 5.5 1.975E-5 4.704 5.5 5.5 6 3951 E-6 5403
6 - 6 6.5 2.656 E-5 4.575 - 7.5 2,656 E-5 4.576
7 5.5 5.5 5.5 3.995E-6 5.398 - 6 1.998 E-5 4.699
8 - - - - - - - 6 3.842E-5 4415
9 - - 6 3.842E-5 4415 - 7 7 1.921 E-5 4.716
10 - - 5.5 4287 E-5 4.367 — - - - -
11 - - 7.5 5.708E-5 4.244 6 6 6.5 5708 E-6  5.244
12 - - - - - 5.5 6 6 5399 E-6 5.267
13 - - 5.5 5.399 E-5 4.267 - - 7.5 5399 E-5 4.267
14 - - - - - - - - - -
15 - - - - - - - - - -
16 - - 8 6.055E-5 4.217 6 6 7 6.055E-6 5218
17 - - - - - - - - - -
18 - - - - - - - - - -

“ minimum inhibition concentration; ° solutions: 1, 5 and 10 mg/mL in DMSO

Maced. J. Chem. Chem. Eng., 28 (1), 79-89 (2009)
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OSAR analysis

A. Descriptors

To obtain the quantitative effect of structural
parameters of the triazole derivatives on their bio-
logical activities, QSAR analysis with physico-
chemical descriptors was performed. The Surface
Tension (ST), Molar Refraction (MR), Molar

Volumen (MV), Parachor (Pc), Index of Refractiv-
ity (n); Density (D), Polarizability (o) and logP,
are the properties that can be calculated for each
molecule. Therefore, these data were used to de-
termine the QSAR models. The physicochemical
parameters used in this study were calculated us-
ing ACD Labs software [28].

Table 3
Physicochemical parameters of triazole derivatives studied
Comp. MR* MV* Pc” n° ST* D* a’ logP?
1 67.92 196.6 518.7 1.607 48.4 1.25 26.29 1.2981
2 58.35 156.0 435.5 1.670 60.6 1.39 23.13 0.4579
3 58.35 156.0 435.5 1.670 60.6 1.39 23.13 1.4690
4 56.64 154.6 414.4 1.653 51.5 1.34 22.45 1.2210
5 59.59 157.9 429.1 1.678 54.5 1.60 23.62 1.4665
6 56.46 160.5 416.7 1.620 453 1.17 22.38 1.1238
7 77.14 213.4 562.5 1.642 48.1 1.17 30.58 2.3405
8 76.43 190.1 540.0 1.736 65.0 1.42 30.30 -1.6900
9 72.34 211.8 549.8 1.598 453 1.22 28.68 1.7157
10 62.12 166.0 462.2 1.671 60.0 1.40 24.62 1.3895
11 50.48 133.9 366.7 1.677 56.2 1.30 20.01 0.0301
12 54.90 149.2 397.8 1.657 50.5 1.26 21.76 0.5774
13 54.90 149.2 397.8 1.657 50.5 1.26 21.76 0.5774
14 55.08 143.2 395.6 1.695 58.1 1.46 21.83 0.6746
15 48.93 122.5 347.9 1.730 64.9 1.43 19.39 -1.4763
16 43.66 101.1 304.8 1.811 82.5 1.63 17.31 2.1800
17 59.33 164.4 428.9 1.641 46.2 1.23 23.52 0.9950
18 53.50 131.1 370.0 1.748 62.8 1.48 21.21 0.7441

(*Ref. [28]; ® Ref. [29])

Surface tension (ST) or Inter facial tension is
the cumulative effect of the different intra- and
intermolecular forces of two different surfaces.
This physicochemical parameter is directly related
to the parachor (Pc) which in turn is related to the
molar volume (MV). Thus, we can treat (ST) as a
steric parameter. The relationships between (MV),
(Pc) and (ST) could be only expressed through the
expression for parameter. These three forms are
expressed by following equations (Eq. 1-3):

Molar Volume = MV = MW/d (1)
Pc = (MWId)ST" ()
Surface Tension = ST = (Pc/MV)* (3)

Molar Refractivity (MR) is one of the oldest
and most successful additive — constitutive phys-

Maced., J. Chem. Chem. Eng., 28 (1), 72?2-2? (2009)

icochemical properties of a compound, which has
a strong correlation with the molecular polarizabil-
ity. Thus, the MR is known to be a measure of the
polarizability and is calculated by the well-docu-
mented Lorentz-Lorenz equation [30].

The Polarizability (&) of a molecule is also in
the focus of our research. The electrons and nuclei
of a molecule are mobile and free to move to a
limited degree. Thus, small charge displacements
can take place in polar or non-polar (apolar) mole-
cules in an electric field, and results in a dipole
being introduced into the molecule, in addition to
the permanent one that may already exist. Thus,
the polarizability of a molecule is a measure of its
overall electronic charge distribution that can be
distorted by an external electric field [30].
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The most common descriptor used in QSAR
studies is logP, which is the natural log of the oc-
tanol/water partition coefficient (Eq. 4):

logP = log[dmg]octanol_ IOg[dmg]Watcr (4)

The octanol/water partition coefficient is a
measure of the hydrophobic-hydrophilic character
of the compound and it is measured by placing the
compound in a separatory funnel with octanol and
water. Octanol and water are immiscible, and the
compound under study partitions between the two
phases. The concentration of the compound in
each phase is calculated and their ratio gives the
partition coefficient. The more hydrophobic the
compound is, the larger P is, and logP shows the
compound to be apolar. LogP is a common de-
scriptor in QSAR studies because drugs must often
cross membranes. Cell membranes are composed
of phospholipids, which have hydrophobic tails
which produce a very hydrophobic environment in
the middle of the lipid bilayer. Without active
transport through the membrane, more hydropho-
bic drugs pass more readily through a membrane.

B. Multiple linear regression

The mathematical foundation of the quantita-
tive structure — activity relationship is based on the
principle of polylinearity. Multiple linear regres-
sion is a common method used in QSAR studies.
The QSAR equations were obtained by forward
stepwise multiple regression techniques — the mul-
tilinear forms (Eq. 5):

IOgI/C: ap+ (11D1 + (lzDz + (13D3+ ot (lnDn
(5)
where Dy, D,, D; and D, are descriptors, n is num-
ber of descriptors. The intercept (ao) and regres-

sion coefficient of the descriptors were determined
using the least squares method.

C. Statistical analysis

The statistical evaluation of the data was per-
formed using Origin program package [31]. To test
the quality of the regression equations, the follow-
ing statistical parameters were used:

0 R — correlation coefficient;

0 SD - standard deviation;

0 F-test —Fisher test for significance of the
equation;

0 PRESS — Predictive Residual Error Sum of
Squares PRESS = X(¥prea— Yexp)z;

0 SSY — Sum of squares of deviation of the
experimental values from their mean
SSY =X(Yexp — Yimean)’> Where Ypeq— pre-
dicted, Y., — experimental and Yyean —
mean values of the target properties
(logl/C), respectively.

0 Q* — Cross-validation squared correlation
coefficient

RESULTS AND DISCUSSION

In the earlier times of QSAR study on 1,2,4-
triazoles were mostly based on the Hansch’s ap-
proach. In our previous study [32, 33], we have
shown that some electronic and steric descriptors
can be used for this purpose with successful out-
come. No QSAR study for N'-aryl/heteroaryl-
aminomethyl/ethyl-1,2 4-triazole derivatives using
physicochemical properties such as Surface Ten-
sion (ST), Molar Refraction (MR), Molar Volume
(MV), Parachor (Pc), Index of Refractivity (n);
Density (D) and Polarizability (o) has been re-
ported in the literature.

In view of this and in line with our earlier
work, in the present study an attempt was made to
find the structural requirements for inhibition of
different bacterial strains by 1,2,4-triazole deriva-
tives using the QSAR approach with several steric
and one hydrophobic descriptor. The statistical
quality of the regression equation was justified by
parameters such as: R; SD; F-test; Qz, PRESS,
SSY and PRESS/SSY.

After application of the filter paper disc
method [27], compounds 14, 15, 17 and 18 did not
show growth inhibition of the chosen microorgan-
isms [23]. From the data obtained, MIC values
were calculated first and then the log 1/C values
(Table 2).

1. OSAR study for antibacterial activity
of Bacillus subtilis

It was important for further analysis to de-
velop a correlation matrix for the descriptors util-
ized and their correlations with the biological ac-
tivities (Table 4). The results (Tab. 4) show that
some of the descriptors are mutually correlated.
Thus, if a combination of them is present in the
regression expression, then the model may suffer
from a defect due to collinearly. A perusal of Ta-

Maced. J. Chem. Chem. Eng., 28 (1), 79-89 (2009)



OSAR study by 1,2,4-triazoles using several physicochemical descriptors 85

ble 4 shows that all chosen descriptors are not well
correlated with antibacterial activity; meaning that
in mono-parametric regressions, those properties
are not appropriate to obtain statistically signifi-
cant results.

All physicochemical descriptors (Table 3)
were selected as independent variables and logl/C
as dependent values, and the stepwise multiple
linear regression method was used resulting in the

following equations (Table 5). Among the several
models generated, the six best were selected for
the discussion. The selection was based on the
previously mentioned statistical parameters. The
statistically significant results for growth inhibi-
tion activity of triazole derivatives against Bacillus
subtilis, using five to eight descriptors, have been
summarized in Table 5.

Table 4
Correlation matrix for the chosen parameters (Bacillus subtilis)
logl/C MR MV Pc n ST D a logP
logl/C 1.0000
MR 0.7165 1.0000
MV 0.6847 0.9623 1.0000
Pc 0.7001 0.9893 0.9853 1.0000
n —0.4322 -0.4720 —-0.6806 -0.5652 1.0000
ST —0.4006 —0.4542 —0.6418 -0.5139 0.9492 1.0000
D -0.3512 -0.4274 —0.5853 —0.4816 0.7913 0.8049 1.0000
a 0.6940 0.9992 0.9575 0.9856 -0.4619 —0.4486 —0.4522 1.0000
logP 0.3655 —0.1283 0.0086 -0.0624 -0.1709 —0.0827 0.0066 -0.1330 1.0000

Table 5

Regression parameters and the quality of correlation of log 1/C with chosen descriptors in multivariate re-
gressions for substituted 1,2,4—triazoles (Bacillus subtilis)

(6) 1ogl/C=155.40629+2.53222MR+0.22519MV-0.30603Pc—112.07019n+0.57547ST+ 1.29012D-2.15043 0 —0.28864 logP

R=0.9978 SD=0.0448 F=113.3163

(7)  1ogl/C=129.1383+2.1564MR+0.1309MV-0.2281Pc—90.76141+0.4355ST+0.6005D-2.0405 o
R=0.9840 SD=0.1389 F=13.0867

(8) logl/C=-55.0376-0.1086MV+0.0993Pc+42.478311—0.2218ST-0.9775D-1.00020:+0.11061ogP
R=0.8502

SD=0.41085 F=1.11735

Equations

(9)  logl/C=-57.4293-0.0870MV+0.0907Pc+43.2620n—0.2114ST-0.8073D-0.9706 o

R=0.8469 SD=0.3592 F=1.6917

(10) logl/C=-46.1223+0.0438Pc+33.1070n—0.1263ST-0.1492D—-0.68980-0.1458logP
R=0.8119 SD=0.3945 F=1.2890

(11) logl/C =-35.9637 +0.0379Pc + 26.6529n — 0.1055ST — 0.1633D — 0.6108Pol
R=0.8010

SD=0.3619 F=1.7901

Maced., J. Chem. Chem. Eng., 28 (1), 79-89 (2009)
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Initial regression analysis indicated that out
of the eight molecular descriptors used, in combi-
nation with other physicochemical descriptors, 7
plays a dominant role in shaping antibacterial ac-
tivity (the greatest value of regression coefficient
of the 7). The positive coefficients of 7 indicates
that the activity increases as the magnitude of
those descriptors increases (Eq. 8—11).

The correlation coefficients were found to be
good (0.80-0.99) in all cases and the standard de-
viations were below 0.42 (Table 5). An excellent
correlation was obtained in Eq. 6, where the corre-
lation coefficient is positive with a R value of
0.9978 and SD 0.0448.

1.1. Validation

We have undertaken a cross—validation meth-
odology for deciding the predictive power of the
proposed models (Eq. 6 — 11). This was needed
because a model with good statistics may not have
good predictive potential. The various cross—
validation parameters, calculated for the proposed
models, are presented in Table 6 and are discussed
below.

The predictivity of each model was measured
by the cross—validated regression coefficient (0%
defined as:

QZZ] - z:(Ypred - Yexp)z/Z(Yexp - Ymean)z (12’)

where Y,.q — predicted, Y., — experimental, and
Ymean — mean values of the target properties
(log1/C) respectively. The calculated O° values are
presented in Table 6, together with PRESS and
PRESS/SSY values.

Table 6

Good cross—validation Q* values were ob-
tained for models (6 — 11) (Q*> 0.72; 0*=0.831 —
0.998) suggesting that the models are useful tool
for predicting the inhibition of Bacillus subtilis.

PRESS appears to be an important cross—
validation parameter accounting for a good esti-
mate of the real predictive error of the model.
When its value is less than SSY, the model pre-
dicts better than by chance alone, and can be con-
sidered statistically significant. In our case (Table
6) PRESS<<SSY indicating that all models ob-
tained are statistically significant and are better
that chance.

For the QSAR model to be considered rea-
sonable, PRESS/SSY should be smaller than 0.4
and the data presented in Table 6 indicate that all
models proposed are significant. In our case the
ratio PRESS/SSY ranges between 0.002—0.169
indicating that all proposed models are reliable
QSAR models.

Finally, in order to confirm our findings, an-
timicrobial activity against Bacillus subtilis (log
1/C) predicted by Eq. (6), (7), (8), (9), (10) and
(11) were compared with the corresponding log
1/C values reported in Table 2. These comparisons
are shown in Table 7. The values agree well within
experimental error. The residual, is the difference
between observed and calculated logl/C.

A plot between the experimental and calcu-
lated log 1/C values is shown in Figure 4. Also, we
calculated the predictive correlation coefficient
(Rpre), (Table 8), by correlating the estimated
logl/C values with the experimental once. The
obtained predictive  correlation  coefficient
(Rpre=0.8173+0.9989) confirms our findings.

Cross—validation parameters, calculated for the proposed models: O, PRESS and PRESS/SSY

Equation = Parameters Q? PRESS PRESS/SSY
(6) MR, MV, Pc, n, ST, D, a, logP 0.998 0.004 0.002
@) MR, MV, Pc, 1, ST, D, a 0.981 0.058 0.019
(8) MV, Pc, n, ST, D, a, logP 0.831 0.506 0.169
) MV, Pc,n, ST, D, a 0.871 0.516 0.129
(10) Pc, n, ST, D, a, logP 0.844 0.623 0.156
(11 Pc,n, ST, D, a, 0.869 0.655 0.131
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Table 7

Comparation of estimated log 1/C values of N'—aryl/heteroarylaminomethyl/ethyl—1,2,4—triazoles deriva-
tives (1-18), with those reported in Table 2. (Residue = difference between observed and estimated log 1/C)

(Bacillus subtilis)
o Estimated log 1/C
% Equation (6) Equation (7) Equation (8) Equation (9) Equation (10) Equation (11)
© logl/Cey | logl/Ceqs Residue | logl/Ce,7 Residue | logl/Ceys Residue | logl/Cey9 Residue | logl/Ceq10  Residue | logl/Ceq s Residue
1 5.391 5.388 0.003 | 5.351 0.040 | 5.266 0.125 | 5.277 0.114 5.176 0.215 5.158 0.233
2 4639 | 4.653 -0.014| 4505 0.134 | 4314 0325 | 4363 0.276 4.358 0.281 4.304 0.335
4 4319 | 4311 0.008 | 4384 —0.065| 4.481 —0.162| 4.460 -0.141 4.386 —0.067 4.435 —0.116
5 4704 | 4698 0.006 | 4631 0.073 | 4.582 0.122 | 4.608 0.097 4.597 0.107 4.585 0.119
7 5.398 5390 0.008 | 5.332 0.066 | 5.246 0.152 | 5.266 0.132 5.192 0.206 5.175 0.223
9 4415 4.412  0.003 | 4350 0.065 | 4.693 -0.28 | 4.746 —0.331 4.927 -0.512 4.969 —0.554
10 4367 | 4363 0.004 | 4467 -0.100| 4.658 —-0.291| 4.631 —0.264 4.472 —0.105 4.494 -0.127
11 4.2435 | 4203 0.041 | 4.095 0.148 | 4318 -0.074| 4380 —0.136 4.360 -0.117 4.268 —0.024
13 4267 | 4311 -0.044| 4273 -0.006| 4.509 -0.242| 4.543 -0.276 4.499 -0.232 4.452 —0.185
16 4217 | 4219 -0.002| 4213 0.004 | 4207 0.100 | 4210 0.007 4.263 —0.046 4314 —-0.097
Table 8
Calculated predictive correlation coefficient (Rp,ez) for equations: (6); (7); (8); (9); (10) and (11)
Equation Correlation: logl/C.y, with log1/C,, Predictive correlation SD
coefficient (R.)
(6) log1/Ceyp. = 1.0008 log1/Ceq 6)— 0.0023 0.9989 0.022
7 log1/Ceyp,=1.0109 logl/Ceq 7y — 0.0138 0.9843 0.082
(8) 1081/Cepp. = 1.0922 10g1/Ciq 5) — 0.4578 0.8863 0.180
©9) 1081/Cop. = 1.1124 10g1/Cyq 9 — 0.5746 0.8940 0.172
(10) log1/Ceyp = 1.1025 log1/Ceq 10y — 0.5007 0.8499 0.194
a1 logl/Ceyp = 1.0461 logl/Ceq 11— 0.2319 0.8173 0.215
sa 2. OSAR study for antibacterial activity of
o Salmonella enteritidis
52 1
i No statistically significant results for inhibi-
5 tory activity against Salmonella enteritidis bacteria
. with the chosen N'-aryl/heteroarylaminomethyl-
% S 1 ethyl-1,2,4—triazole derivatives, using all eight
0 ¢ Eq6 ®Eq7 descriptors, were obtained.
4,4 1 4 Eq.8 mEq9
CONCLUSION
4,2 1 mEq.10 e Eq.11
[ o= Spurred by the need of new antimicrobial
4 | |

4,6

log1/Cexp

5,1

Fig.4. Plot of the experimental and calculated log 1/C values
of compounds 1-18 against Bacillus subtilis
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agents and the fact that many effective drugs, in-
secticides and fungicides possess heterocyclic sys-
tems in their structure, such as the triazole ring, we
synthesized several new 1,2,4—triazole derivatives.
In view of the results and discussions above, we
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conclude that physicochemical properties such
Surface Tension (ST), Molar Refraction (MR),
Molar Volume (MV), Parachor (Pc), Index of Re-
fractivity (77), Density (D) and Polarizability (o)
can successfully be used for modelling growth in-
hibition activity of triazole derivatives against Ba-
cillus subtilis. These results will help medical as
well as agricultural scientists in the design and
prediction of compounds with increased activity
and thus the synthesis of new triazoles exhibiting
better activities then those reported in this paper.
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