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The 3D-QSAR studies using comparative molecular, field anal-
ysis (CoMFA) approach on a set of 2-(p-substituted benzyl)-5-(sub-
stituted carbonylamino)benzoxazoles as antibacterial agents against
Staphylococcus aureus by considering the steric and electrostatic
influences have been presented. The CoMFA analysis gave cross-
validated r? value of 0.480 and non cross-validated r* = 0.950 with
an optimized component of 4. The model deduced from this inves-
tigation provides underlying structural requirements and good pre-
dictive ability, which could aid the new antibacterial agents for
Staphylococcus aureus prior to their synthesis.
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INTRODUCTION

The number of life-threatening infections caused by multi-drug-resistant Gram-
positive pathogens has reached an alarming level in hospitals and the commu-
nity'=, Infections caused by these organisms pose a serious challenge to the
scienlific community and the need for an effective therapy has led to a search for
novel antibacteriul agents.

Substituted benzoxazole derivatives have been the aim of many researchers
for many years because they constitute an important class of heterocyclic
compounds*?! with antibacterial and antifungal“'”, topoisomerase inhibitors!?
and antitumor activities!®2!. Moreover, structure-activity relationships  of
benzoxazole derivatives have revealed that the substitution of the 2nd position is
decisive for the biological activity and position 5 is important for the intensity of
the activity?* 2,

Quantitative structure-activity relationships (QSARs) are now acknowledged to
be in the heart of the long-term task of systematical evaluation of existing chemi-
cals®. At present, the challenge is to improve the accuracy and predictability of
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QSAR by taking into account, in a very detailed way, the structural and physico-
chemical features of the tested compounds. The comparative molecular field
analysis (CoMFA) program is in keeping with the general pattern of searching for
these new descriptors, where steric and electrostatic fields of the molecule are
mapped by a probe atom®®2, CoMFA, which is applied to a set of molecules
exhibiting biclogical activity with a similar mechanism of action, was proposed by
Cramer et al.” The advantages of CoOMFA are the abilities to predict the biological
activities of the molecules and to represent the relationships between steric/electro-
static property and biological activity in the form of contour maps giving the key .
features of not only the ligand-receptor interaction but also the topology of the
receptor.

We present here the 3D-QSAR studies using CoMFA method on a set of
2-(p-substituted benzyl)-5-(substituted carbonylamino)benzoxazoles as anti-
bacterial agents against Staphylococcus aureus by considering the steric and
electrostatic influences. The model deduced from this investigation provides
underlying structural requirements and good predictive ability, which could aid the
new antibacterial agents prior to their synthesis.

EXPERIMENTAL

Compounds and biological data: Nineteen 2-(p-substituted benzyl)-5-
(substituted carbonylamino)benzoxazole derivatives listed in Table-1 were synthe-
sized and tested against Gram-positive bacterium Staphylococcus aureus ATCC
25923 strainby us*. Their in vitro minimum inhibitory concentration (MIC) values
were used for this study. The MIC values (pug/mL) were converted to pMIC
according to the formula

pMIC =-log MIC
pMIC values were used as dependent variables in the CoMFA analysis. The
training set of 19 molecules with structures and their activities are shown in
Table-1.
Computational methods

Molecular modeling: Molecular modeling studies were performed using the
SYBYL 6.8 Software package, Silicon Graphic workstation. Molecular structures
were built using the SKETCH option in SYBYL®. Geometry optimization was
carried out using MAXIMIN molecular mechanics and Tripos force field supplied
within SYBYL, with convergence criterion set at 0.05 kcal/(A mol). The alignment
of the training set molecules was derived by using FlexS in SYBYL. One of the
more active molecules 6 was used as the template for alignment by considering the
heavy atoms of the 2-metilen-benzoxazole ring as shown in Fig. 1. All values were
filled with valence and Gasteiger charges were calculated for each compound. The
superimposition of all thé¢ molecules is shown in Fig. 2. CoMFA models were
generated using 19 molecules (1-19, Table-2), with column filtering value (o)

of 2.0.
e
NN
H *

Fig. 1. Molecule 6 with atoms used for superimposition are marked.
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TABLE-1

3D-QSAR CoMFA Studies 1361

ANTIBACTERIAL ACTIVITY OF THE TRAINING SET MOLECULES

Ry o N
T L)
x” N NF TN
H
Compounds X R R Sa*
1 — H H 200
2 —_ H C,H;s 50
3 — H NO, 50
4 — H Br 50
5 — H F 50
6 CH> H Br 25
7 CH, H F 50
8 CH; H H 25
9 CH2 H CHj3 25
10 — Cl H 200
1 — Cl C,Hs 50
12 — Cl NO; 100
13 — C1 C(CHa); 25
14 — Cl Br 50
15 — Cl F 50
16 CH; Cl Br 50
17 CH> Cl H 50
18 CH, Ci Ci 50
19 CH; Ci NO; 50
~*All MICs (ug/mL) measured against Staphylococcus aureus ATCC 25923 strain.
TABLE-2
PLS STATISTICS OF CoMFA 3D-QSAR MODEL
PLS statistics CoMFA
q2k (Leave-one-out cross-validated predicted power of model) 0.480
r2 (Correlation coefficient squared of PLS analysis) 0.950
N (Optimum number of components obtained froncross-validated PLS 4
analysis and the same used in final non cross-validated analysis)
X (Number of descriptors go into the PLS after column filtering is 2.0 185
kcal/mol)
SEE (Standard error of estimate) 0.068
F value (F-test value) 67.118
Field contribution (Steric and electrostatic fields from CoMFA)
Steric 48.6%
Electrostatic 51.4%




1362  Yildiz-Oren et al. Asian J. Chem.

CoMFA analysiss CoMFA was performed using the QSAR module of
SYBYL 6.8. Comparative molecular field analysis?® of these molecules was
carried out on the steric and electrostatic fields using the default values. A
three-dimensional cubic lattice, with a 2 A grid spacing, was generated automat-
ically around these molecules in order to ensure that the grid extended the
molecular dimensions by 4 A in all directions. Threshold column filtering of 2.0
kcal/mol was set to hasten the analysis and reduce the amount of noise. The steric
and electrostatic fields were calculated separately for each molecule using sp3
carbon atom probe with a charge of 1 (default probe atom in SYBYL) and energy
cut-off values of 30 kcal/mol for both steric and electrostatic fields. The probe
atom was placed at each lattice point and their steric and electrostatic interactions
with each atom in the molecule were computed using CoMFA standard scaling.

PLS analysis: Initial PLS analysis was carried out using Leave-One-Out
option (cross-validated) to obtain the optimal number of components to be used
in the subsequent final analysis. A subset of CoMFA field sample points falling
within a standard deviation of £2.0 kcal/mol was used to run PLS regression
analysis. Finally, noncross-validated analysis was performed using the optimal
number of previously identified components and was employed to analyze the
result of CoMFA.

RESULTS AND DISCUSSION

The CoMFA method was employed for deriving 3D-QSAR model consisting
of 19 training sets of 2-(p-substituted benzyl)-5-(substituted carbonylamino)-
benzoxazole derivatives (Table-1) keeping in vitro activity pMIC as a dependent
variable. The statistical parameters of CoMFA analysis of 19 compounds are
summarized in Table-2. The CoMFA analysis using steric and electrostatic fields,
gave cross-validated 1% value of 0.480 and non cross-validated r* = 0.950 with an
optimized components of 4, which is relatively acceptable. The actual and
predicted pMIC values of the training set are shown in Table-3. Observed and
predicted biological activities of the training set are plotted in Fig. 3. The CoMFA
steric and electrostatic field contour plots obtained from atom-based alignment is
shown in Figs. 4 and 5, respectively. The green regions indicate areas where steric
bulk enhances biological activity, while the yellow contours indicate regions
where steric bulk is detrimental to biological activity. Blue coloured regions show
areas where electropositive groups enhance biological activity, while red regions
represent areas where electronegative groups enhance activity against Gram-pos-
itive bacterium S. aureus.
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Fig. 3. Graph of observed activity versus predicted activities of training set molecules from

CoMFA analysis, activity expressed as pMIC.
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Fig. 4. CoMFA steric StDev* Coeff Contour plots. Sterically favoured areas are represented by
shaded polyhedra. Sterically disfavorable are represented by light shaded polyhedra. The
active molecule 13 is shown in sticks.

Fig. 5. CoMFA electrostatic StDev*Coeff. Contour plots. Positive charge favoured areas are
represented by light shaded polyhedra. Negative charge favored areas are represented
by dark polyhedra. The active molecule 13 is shown in sticks.
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TABLE-3
PREDICTED ACTIVITIES AND RESIDUALS OF THE TRAINING SET MOLECULES
BY THE CoMFA MODEL
Compounds Actual PMIC Predicted PMIC Residual
1 3.215 3.357 -0.142
2 3.853 3912 0.062
3 3.873 3.892 -0.022
4 3.911 3.855 0.055
5 3.841 3752 0.088
6 4.226 4.138 0.088
7 3.857 3.904 -0.047
8 4.136 4:119 0.021
9 4154 4218 -0.068
10 3.258 3.190 0.068
i1 3.893 3.857 0.033
12 3610 3.576 0.034
13 4224 4.220 0.004
14 3.946 3.927 0.019
15 3.882 3.945 =~0.065
16 3.959 3.981 -0.022
17 3.877 3.893 -0.016
18 3915 3.922 -0.007
19 T 3926 3.885 0.041

The CoMFA analysis indicated that holding a substituent sterically favoured
which has negatively charged atom and/or atom groups at position R; (general
formula in Table-1) is significant for the activity. On the other side, the substituent
at position R be supposed to have a positively charged atom and/or atom groups.
It shows that having a benzoylamine moiety instead of phenylacetylamine at
position 5 on the fused ring system is more favorable.

Conclusion

We have developed predictive CoMFA 3D-QSAR models for 2-(p-sub-
stitutedbenzyl)-5-(substitutedcarbonylamino)benzoxazoles as antibacterial agents
against Staphylococcus aureus. The contour diagrams obtained for the various
CoMFA field contributions can be mapped back onto structural features relating
to the trends in activities of the molecules. On the basis of the spatial arrangement
of the various field contributions, novel molecules are being designed with
improved activity.
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