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The Quantitative Structure-Activity Relationships of Anti-

fungal Active 2- (p-Substituted-Phenyl) Benzoxazole Derivatives

Against Candida Albicans Using The Combinations of Some
Hydrophobic, Electronic And Steric Parameters

Candida Albicans'a Karst Antifungal Etkili 2-(p-Sibstitiie-Fenil)
Benzoksazol Tiirevleri ile Bazi Hidrofobik, Elektronik, Sterik Para-
metreler Kombinasyonlarinin Kantitatif Yapi-Etki iliskileri

Esin SENER* ismail YALCIN* Seckin OZDEN*
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SUMMARY

The antifungal active 2-(p-substitutcd-phenyl) benzoxazoles
against C. albicans were studied in a QSAR (quantitative structure-
activity relationships) work using the multiple regression method.
Some of the hydrophobic (1, #2), electronic (&, F, R) and steric (MR,
MW, P,) constants were used as physicochemical parameters. The
correlation equations and the best equation obtained from regression
analysis were given.

As a result of quantitative structure-activity relationships of
2-(p-substituted-phenyl) benzoxazoles for C. albicans, it was found
that hydrophobic, electronic or steric parameters were more significant
when they were used in combined forms than they were used separa-
tely.

OZET

Candida albicans'a karsi antifungal etkili 2-(p-siibstitiie-fenil)-
benzoxazol tiirevlerinin, c¢oklu regresyon metodu kullanilarak, kan-
titatif yapi-etki iligkileri (QSAR) calisilmistir. Fizikokimyasal para-
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metreler olarak bazi hidrofobik (7, #2), elektronik (&, F, R) ve sterik
(MR, MW, P)) sabiteler kullanilmistir. Regresyon analizleri sonucu
ele gecen korelasyon denklemleri ve ideal denklem calismada verilmis-
tir.

2-(p-Siibstitiie-fenil) benzoksazol tiirevlerinin kantitatifyapi-etki
iligkileri incelendiginde, C. albicans icin hidrofobik, elektronik ve
sterik parametrelerin tek tek kullanilmalar: yerine, kombinasyonlarinin
oldukg¢a dikkate deger sonuclar verdigi saptanmistir.
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Although many benzoxazole derivatives were synthesized and
their biological activities were studied, not much work has been re-
ported on the quantitative structure activity relationship studies.
Ayopova et al. investigated the quantitative relationships between
2-(alkylthio) benzoxazole derivatives and their herbicide activity using
Hansch's equations (1) and Evans et al. carried out QSAR studies
on some antiinflammatory active 2-substituted, 4- and 7-benzox-
azoleacetic and -methylacetic acids (2). Recently, quantitative st-
ructure-activity relationships of antihistaminic active 5-substituted-
2-(p-substituted-benzyl) benzoxazoles (3) and antimicrobial active
2-(p-substituted-phenyl) benzoxazoles (4,5) were studied using some
hydrophobic, electronic and steric parameters.

Benzoxazoles substituted at G—2 were prominently studied (6-16)
trusting that this position is decisive for the biological activity. Evans
et al. showed that para substituted 2-aryl-5-benzoxazolealkanoic
acid derivatives had the highest activity compared to its analogs (12,
13). For that reason, para substituted derivatives of 2-phenylbenzo-
xazoles were chosen for QSAR studies.

It was reported by David et al. that five-membered heterocycles
condensed with 2 benzene rings were chemotherapeutically active (17).
Antimicrobial active 2-phenyl benzoxazole derivatives having 2 ben-
zene rings and a 5 membered heterocycle are in agreement with that
postulate (6-9, 18-22).

In our previous papers, the synthesis, structure elucidations and
determination of antifungal activity of 2-(p-substituted-phenyl)
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benzoxazole derivatives were given (7). It was stated that the activity
of a compound is a function of t?hree separable factor-: electronic
effects, steric effects and hydrophobic effects with provision for struc-
tural or therotical effects (23) as shown below;

f (biological activity) — f (electronic) + f (steric) + f (hydro-
phobic) + [f (structural) + f (therotical)]

Consequently, we chose some steric, electronic and hydrophobic
parameters for our quantitative structure-activity relationship (QSAR)
studies (Table 1). The multiple regression analysis method is used
which involves finding the best fit of a dependent variable (the mic-
robiological activity) to a linear combination of the independent
variables (descriptors) by the method ofleast squares. This is formally
expressed as follows;

Table 1. Physicochcmical parameters.

Physicochemical parameter Symbol Type of Effect

Pi substituent constant - Hydrophobic

Pi substituent constant ™ Hydrophobic

Sigma substituent constant P Electronic

Field effect F Electronic

Resonance effect R Electronic

Molar refractivity MR Steric

Molecular weight MW Steric

Parachor Pr Steric

y=a,tax, + a,x, + . . . . . . Fax,

where xi, X,, ...... X, are the descriptor values (pyhsicochemical
substituent constants), y is related to the microbiological activity of
benzoxazole derivatives, and the coefficients

determined by a least squares analysis. This equation is developed for
each benzoxazole derivative in our analysis.

In our previous papers, QSAR studies of 2-phenylbenzoxazoles
in some gram (—) (4) and gram (+) bacteria (5) were reported. In
this research, the activity of the same compounds against C. albicans
is analized using physicochemical parameters, in order to design of
more active derivatives. On this lead optimization method, the an-
tifungal activity against G. albicans is thought as the function of the
physicochemical parameters for these compounds.
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EXPERIMENTAL

M aterial

Regression analysis equations of the QSAR studies were performed
by using IBM-XT computer working with Microstat Statistic Pack-
age.

Determination of the parameters

@, 2, 6, F, R, MR and MW values were taken from the table
given by Hansch et al. (24). Parachor (P) relates principally to mole-
cular volume (25) and it is used in QSAR studies (26). P, values of
each compound were calculated by the additive summation of the
P values of all the atoms and the structural features using Quayle's
Table (27). These values were shown in Table 2.

Table 2. The physicochemical parameters of 2-(p-substituted-phenyl) benzoxazole
derivatives.

i R

N
R ™ ™ ap F R | MR | mw | pr
H 0.00 | 0 0000 | 0.00 | 0.00 | 0.00 | 1.03 | 1.0 |400.9
OCH, -0.02 | 0 0004 | -0.27 | 0.26 | -0.51 | 7.87 | 31.0 | 468.1
C(CH)). 1.98 | 39204 | -0.20 | -0.07 | -0.13 | 19.62 | 57.1 | 557.2
c1 0.71 | 05041 | 0.23 | 0.41 | -0.15 | 6.03 | 35.4 | 440.6
Br 0.86 | 0 7396 | 0.23 | 0.44 | -0.17 | 8.88 | 79.9 | 453.4
NFL -1.23 | 15129 | -0.66 | 0.02 | -0.68. | 5.42 | 16.0 | 427.9
NHCH, -0.47 | 02209 | -0.84 | -0.11 | -0.74 | 10.33 | 30.1 | 470.9

RESULTS AND DISCUSSION

Some hydrophobic (z, =), electronic (&, F, R) and steric (MR,
MW, P,) parameters were used as physicochemical constant for the
quantitative structure-activity relationships of 2-(p-substituted-
phenyl) benzoxazole derivatives. The best equation was obtained by
multiple regression analysis using the Microstat computer program.
Log 1/C values were used in the regression equations, where C was
molar concentrations of the MIC values of the compounds against
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C. albicans (7). The regression equations were stated in Table 3. The
parameters in the best equation were selected using correlation matrix
(Table 4). The best equation designed for C. albincans was shown in
Table 5. According to the best equation observed values of log 1 /C
together with the calculated values were given in Table 6.

Table 3. Regression equations generated for 2-(p-substituted-phenyl) benzoxazole

derivatives in C. albicans.

Equ. No Equations

1 log 1/C = -0.09 (+£0.18) T+ 3.64
n:7; R?: 0.0498; s: 0.45; F: 0.26

2 log 1/C = -0.27 (£0.18) ™ + 0.24 (£0.13)7 + 3.46
n: 7; R’: 0.4734; s: 0.37; F: 1.80

3 log 1/C = -0.03 (£0.28) ™ 0.12 (£0.17) —=°0.64 ( + 0.57)

F + 3.37

n: 7; R’: 0.6274; s: 0.36; F: 1.68

4 log 1/C = —0.11(£0.05) ®+ 0.06 (£0.03) == 1.78 (0.15) F
£2.01 (£0.2) R + 3.88
n: 7; R’: 0.9928; s: 0.06 ; F: 70.14

5 log 1/C = —0.63 (£0.11) T— 0.02 (£0.02) ™= 1.45 (£0.08) F
£2.98 (£0.21) R + 0.08 (£0.02) MR = 3.81
n: 7; R?: 0.9997; s: 0.02; F: 648.56 (P < 0.03)

C is the molar concentrations of the M1C values of the compounds (7), the numbers in pa-
ranthesis in the regression equations represent the standart errors of the regriession coef-
ficients, n is the number ofthe compounds, R’ is the square of the multiple correlation coef-
ficient, s is standart deviation of the regression and F is the F test for the significance of the

regression, P is the probabilty of F test.

Table 4. Correlation matrix between refgression parameters for 2-(p-substituted-phenyl)

benzoxazole derivatives in C. albicans.

- ]
T

Log 1/C F R MR
Log 1/C 1.00

T -0.22 1.00

w 0.40 0.58 1.00

F -0.70 0.61 -0.06 1.00

R -0.28 0.71 0.18 0.87 1.00

MR 0.23 0.66 0.80 -0.15 -0.02 1.00

Table 5. Best equations generated for 2-(p-substituted-phenyl) benzoxazole derivatives

in C. albicans.

System Equation

C. albicans | log 1/C = - 0.6281 (£0.11) % - 0.0204 (+0.02)™ -  1.4500
(£0.08) F + 2.9790 (£0.21) R + 0.0823 (+ 0.02)
MR + 3.8058

n:7; R’: 0.9997; s: 0.02; F: 648.56 (P<0.03)
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Table 6. Antifungal activity of 2-(-psubstituted-phenyl) benzoxazole derivatives against
C. albicans, (log 1/C).

Com. C. albicans

No

Obsd Calcd Residual

1 3.893 3.891 0.002

2 3.353 3.338 0.015

3 4.002 4.000 0.002

4 3.060 3.066 -0.006

5 3.137 3.142 -0.005

6 3.925 3.925 0.000

7 3.953 3.960 -0.007

The multiple regression analysis results show that the antifungal
activity of 2-(p-substituted-phenyl) benzoxazoles against C. albicans
are fundementally a function of the combinations of some hydropho-
bic, electronic and steric parameters. The parameters used alone do
not show good correlations with the activity.

The P value of the F-test in the best equation is found less than
0.05. This shows us that the physicochemical parameters used as
independent variables are related to the dependent variable (log 1 /C)
in the multiple regression analysis (28). In addition, the standart
deviation (s) is minimized and forward elimination procedure which
is one of the stepwise regression method is stated (Table 3). At last,
the multiple regression coefficient squared (R*) which is proportional
to the amount of variance explained by the equation is maximized
(Table 5).

As aresult of examination of the best equation which is parabolic
and established for 2-phenylbenzoxazoles against C. albicans, it is
found that the hydrophobic parameters z and =2 are necessary for the
activity. F and R constants are also adapted as the electronic para-
meters in the equation, only MR is available as a steric parameter
among the others. R* is established in the best equation as 0.9997
which denotes that the best equation can be used to predict the anti-
fungal activity for untested 2-(p-substituted-phenyl) benzoxazole deri-
vatives against C. albicans.
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