12

FATDAD Farm. Bil. Der. FABAD J. Pharm. Scl.
12, 48-55, 1987 12, 48-55, 1987

THE QUANTITATIVE STRUCTURE — ACTIVITY
RELATIONSHIPS CF ANTIBACTERIAL ACTIVE
2-(p-SUBSTITUTED-PHENYL) SBENZCXAZOLE DERIVATIVES
AGAINST GRAM (+4) BACTERIA USING THE CCMBINATIONS
OF SCME HYDROPHOBIC, ELECTRONIC AND
STERIC PARAMETERS

fsmail YALCIMN(*)
Esin SEMER(Y)

Tuncel OZDEN(*)
Seckin OZDEN(*)

Sununary : The antibacterial activity of 2-(p-substituted-pheny!)

benzoxazole derivatives were theught as a functicn of their phyzicoce-
hemical parameters. From this phenomenon, we sclected soma hwd.

rophebic (g, 79, clectronik (5, F, R) and  steric (MR, MW, P

constants of 2-(p-substituted-phenylibenzoxazeles as their physicoche. |
it mical parameters and studied the quantitative structure-activity rela-
tionships of these compounds against the gram (+) bacteria such a
i S. faecalis and Staph. aureus. The correlation equations of these

velationships which were designed frem the Hansch anolvsis were

osiven.

b=

The carvelation method of the  antibactervial  activity  against
grom (+) bacteria  for 2.nhenvibenzoxazoles, the combinations of
hydrephebic, clectronic and steric paremetcrs wers found more sig .
nificant than hvdrophobic, electronic or stervic parameters uvsed sepa-

rately. The best equaticns obtained from QSAR studies were stated.

(*y A.U. Eczacilik Fakiltesi, Farmasotik Kimya Anabilim Dah, Tandosan -
Ankara
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verilmistir,

coccus aureus.

GRAM (+) BAKTERILERE KARSI ANTIBAKTERIYEL ETKILI
2-(p-SUBSTITUE-FENIL) BENZOKSAZOL TUREVLERI ILE BAZI
HIDRCFOBIK, ELEKTRONIK VE STERIK PARAMETRELER
KOMBINASYONLARININ KANTITATIF YAPI-ETKI ILISKILERI

QOzet : 2-(p-Siibstitiie-fenil)benzoksazol tiirevlerinin
etkilerinin, bilesiklerin fizikokimyasal ozelliklerinden
diisliniilmustiiv. Bu disiinceden hareketle, 2-(p-siibstitiie-feniybenzox-
sazol tlirevlerinin, S, faccalis ve Staph. aurcus gibi gram () bakteri-
lere koarst bulunan antibakteriyel ctkileri arasmdaki, kantitatif  yapi-
etki iliskiler, bazi hidrofobik (f, 79, clektronik (§, F, R) ve sterik
(MR, MW, P) parametreler kullanilarak incelenmistir. Bu ¢alismada,
Hansch analizinden faydalamilarak bulunan korrelasyon denklemleri

2-Fenilbenzoksazol tiirevleri i¢in hidrofobik, elektronik ve sterik
parametreler kombinasyonlart kullanildiginda, gram (+4) bakterilere
karst etki ile iliski, bu parametreler tek baslarima kullamldifn sekline
pore daha dikkate defier bulunmustur. QSAR galismalari sonucunda
elde edilen ideal denklemier de bu calismada verilmistir.

Keywords : 2-(p-Substituted-phenvl)benzoxazoles, 1, 7% &, F, R,
MR, MW, P, QSAR, Best Equation, Streptecoccus, laecalis, Staphyla-

antibakteriyel
kaynaklandig:

INTRODUCTION

Five-membered heterocycles
condensed with 2 benzene rings we-
re postulated as chemotherapeuti-
cally active (1). Antimicrobial ac-
tive 2-phenylbenzoxazole derivati-
ves having 2 benzene rings and 2
3 membered heterocyele are in aw-
recment witly that postulate (2-10),

In our previous paper, the
synthesis, structure elucidations
and determination of antibacterial
activity of 2-(p-substituted-phenyl)
benzoxazole derivatives were gi-
ven (8), because of trusting ben-

zoxazoles  substituted at C-2 posi-
tion is decisive for the biological
activity (7, 11-17).

It was reported that the acti-
vity of a compound is a function
of three separable factors: electro-
nic effects, steric effects and hyd-
rophobic cffects with provision for
structural or therotical effects (18)
as shown below;

f(biological activity) = f(electro.
nic) + f(steric) + f(hydrophobic)
+ [f(structural) + f(therotical)]

For that reason we sclect some
steric, electronic and hvdrophobic
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jp,'xr;tmeterg; for our quantitative
‘;strqcture - activity
. (QSAR) studies. The linear multiple

relationship

regression analysis method is used
which involves finding the best fit
of a dependent variable (the micro-
biological activity) to a linear com-
hination of the independent variab.
les (descriptors) by the method of
least squares. This is formally
expressed as follow;

Yy=2a,+a; X + a;X +.eennen.
f’*; a,x, where Xy, Xp, «ocvererinennn.
x, are the descriptor values (physi-
cochemical substituent constants),
y is related to the microbiological
activity of benzoxazole derivatives,
and A1, 8g, cieerieneens a, are the coef-
ficients determined by a least squa-
res analysis. This equation ise deve-
loped for each benzoxazole deriva.
tive in our analysis.

The use of this method with
physicochemical substituent cons.
tants and quantitative biological da-
ta forms the basis for the Hansch
analysis. This metodology has also
been called physicochemical struc-
ture-activity relationship (PSAR).
PSAR has been used primarily to
analyse data on sets of congeners
(18). In general, this approach
is to set up the equations
ving different combinations of the
substituent constants, then to al-
low the correlative method to aid
in the selection of the best equati-
on for our study.

' In our previous paper, QSAR
studies of 2-phenylbenzoxazoles in
gram (—) bacteria were repor.

invol-

© tivity of the same compounds aga-| .

] .
Cted (19). In this research, the acs| |

inst gram (+) bacteria such as S.
faecalis and Staph. aureus are
analized for the first time using
physicochemical parameters, in or-f
der to design of more active deri-
vatives. The antimicrobial
against gram (+) bacteria for thesa,
compounds are thought as the func-|

actx\ntv

tion of the physicochemical paras-

meters on this lead optimization
method. f
MATERIAL AND METHOD ‘
Regression analyis equations oé

the QSAR studies were perforrned
by using IBM-XT computer wors
king with Microstat Statistic Pac,
kage. : i
(Parachor) relates. princi:

pally to molecular velume (20) :mf‘
it is used in QSAR  studics (21)‘[
P. values of each compound were
calculated by the additive summa-
tion the P, values of all the atom§
and the structural features usin
Qayle's Table (22). 7 (pi substitur
ent constant), i3 (the square of p}
substituent constant), § (sigm?

subctituent constant), F (field
effect), R (resonace effect), MR

{molar refractivity) and MW (mola'
value) were taken from th
table given by Hansch et al, (23].
These values were shown in Tabr-
le 1. ‘

RESULTS

To design the best equations
of 2~(p-substituted-phenylbenzoxz}-




‘zoles, ' the antibacterial activity
iagainsf gram (+4) bacteria such as
S. faecalis and Staph. aurcus were
chosen as the biological activity.

i
i
I
t
|

Some hydrophobic (7, ;“:21)" elec.
tronic (§, F R) and stericj |(MR,
MW, P,) parameters used as pyhsi-
cochemical constants for | the

Table 1 : The physicochemical parameters of 2-(p-substituted-phenyl)ben-
{

! -~ zoxazole derivatives,
NN 3 o |
A [ . .
ifvl N
[ -
P
[ N
S |
b 1
i a
R T T <, 5w R MR Mt P
|
H c.00 | e.coc0 | .00 | 0.00 | ©.00 1.03 1.0 4023
OCH, -¢.02 2.0004 | -8.27 8.26 ;| -0.51 7.87 | 31.8 188.{
C¢CHy,| 1.98 3.2204 |-0.20 {-0.07 | -8.13 | 19.62 | 57.1 557.2
c! 0.71 0.5041 | @.23 | ©.41 [ -8.15 | €.83 | 35.4 qqeis
er 0.36 0.73%6 | 0.23 | ©.44 | -8.17 | 8.88 | 73.9 453%4
tH, -1.23 t.c129 |-0.€6 | @.02 | -0.68 | S5.42 | 15.0 427]9
THEH, -0.97 0.2203 |-0.84 1-0.14 -0.74 10.33 30.1 47013

Table 2 : Regression equations generated for Z-(p-substituted-phehyl)b
| |
zoxazole derivatives In S, faecalis. Co

|

1
Equ. Ho Equations

1} leg v/C - '0.14(:9.IJ)TT + 3.44 !

n: 7 ; Rt ©.251% 3 st 0.27 3 Ft 1.68 ! ’
2 leg 1/2 = -0.12¢+2. 1T - 0.37¢108.51) F + 3.48 ,
nt 7 3 R™t ©.3400 s: 0.26 5 F3 1,03 |

3 log 1/C = -B.27¢48.13)7 - 0.55(+0.440F + 0.77(:8.48)% + 3.8
nt 73 R': @.6462 J st ©.84 5 Fi 1.83 :

4 log 1/C = 0.97(49.22)1 - 1.6¢:0.21F - 2.89(:8.52>R
~0.17¢+0.€3) MR + 4.05
nt 7 ; R*: ,,9795 5 st B.B7? ; F: 23.85

5 log 1/C = 1.09¢$8.03)T « 1,99(18.85) N - 2.37(+0.867) R |
-0.18(12.00)MR + 9,004(+0,00) MI ¢ 4,08 \
n: 7 1 R*: 90,9393 ! s 0.081 F: 1181.20 (P ¢ 0.082)

C is the molar concentrations of the MIC
numbers in paranthesis in the regression
of the regression coefficients, n is the
‘square of the multiple correlation coeffi
regression and F is the F test for the si

. probabilty.of F test,

values of the compounds (¢8>, the
equations represent the standart enrors
number of the compounds, R* is!| the
cient, s is standart deviation of | the
gnificance of the regression, P is | the
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quantitative structure-activity rela-
tionships of these compounds. The
lead optimization method has been

~examined by multiple

iy

E;;'I‘ab’.e 4 : Peogression equations generated for 2-(p

tituted-phenyl)benzoxazole derivatives in S. feacalis. T

regression

v

|

an#tlysis using the Microstat com-

puter

program.

Log 1/C values

were used in the regression eqpa-

tions, where C was the molar con-
i 11 I i

|

[T
o

[l

'Table 3 : Correlation matrix between regression parameters for 2-(p-subs-

|

Los 1/C 0 e R MR N
Lag 1.°C 1.00 |
“v -0.5Q 1.00 |
ki -0.40 0.2 1.00
R : -0.03 e.71 .32  1.00
MR : -2.€5 .66 -0.25 -0.02 1.00 f
] ‘ -0, 7 0.€6 p.48 8.21 .63 1,08

zoxazole derivatives in Staph, aureus

-substituted-phenyl)ben-

Equatiens

.X]

V/C

/¢ =

tog

1/C

~-0.

-0
n:

-1.
-0.

h:

L3000, 18T ¢ 3,80

7 ; R*: 0.6266 ; , 5% ©.35 ; F: 8
.51740.20: T + 0.56¢:0.700 R + 4,03
7 R*: 0.€776 : st 0.38 5 F: 4
(66 (20.73°T0 1.00¢+3.08%Y A « 0.027 0
T R™: Q.63833 ; st 0.1 F: &
17(40.91)7 - 0.08¢12.260H - 0.01¢+0
L01(¢aC.00) M4+ 4,18

? R*: 0.79%@ st 0.40 3 Fi
4340, 0T+ 2.50¢+0.215R - 0.33¢10.
DI(40.00: i ¢+ 0.05(18.00) R - 15.€4
7 3 R“: 0.99%4 : st 0.Q3 : F:

.38

.20

Li00MR ¢ 94.03
. 1€

10,100 MR

.95

02) MR

360.25 (P<D.0SH

1
Table 5 : Correlation matrix between regression parameters for 2-(p-substi-

tuted-phenyl)benzoxazole derivatives in Staph. aureus.

|

|
,
Log 1/C yat 97 MR M P ’
teg 1/C 1.00 T‘
il -0.79 1.00 :
R -9.40 @.71 t.00
MR -0.66 0.66 -0.02 1.00
MW -0.33 Q.66 Q.21 0.63 1.00 !
P. -0.59 0.63 0.01 .39 0.57 1.00 !
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centrations of the MIC values of
the compounds (8), The data on the
parameters were stated in Table 1.
Observed and calculated values of

|
|
|
i

les 2 and 4 and the paramcﬁerf in
the best equations were selected
aécording to the correlation mat-

rixes (Table 3 and 5) and the scilua.

) log 1/C were given in Table 6, The
regression equations stated in Tab-

res of their partial regression coef-
ficients.

“ |
o :

:; Table 6 : Observed and calculated log l/C values of 2-(p-substitutedphenyl)-
. ;
benzoxazole derivatives according to the best equations givenlIln

i Tables 2 and 4.

Com. S. faecalis Stapnh. aureus ‘
|2 e S I it bl ‘
Obsd Calecd Rezid- Obsd Calcd Residf
ual ’ ual !
i 2.93  3.83  0©.00 4.18  4.13  ©9.01 ;
2 335 2.5 000 4.26 4.26 .00 ||
3 3.00 .01 0.00 | 3.16 3.8 0.00 I
4 3.86  3.37 -0.01 3.3 3.33  -0.02 |
s 3.4 .14 0.00 3.14  3.13 8.01
6 3. 32 3.32  0.00 4.23  4.84  -0.01 '
7 2,63  3.66 0.00 3.65 3.64  0.901 1
|
; |
f | !
DISCUSSION The P values of the F-tests for

the best equations (Table 2, equ.no :
5 and Table 4, cqu. no: 5) are found
than 0.05 shows ! us
that the physicochemical parame-
ters used as independent variables
related to the depengent
variable (log 1/C) in the mul}iple |
regression analysis. In addition,

The multiple regression analysis
iresults show that the activity
;against S, faecalis and Staph.
’ are fundamentally a func-.

which

less

- aureus
“'tion of the combinations of some
- hydrophobic, electronic and steric

' parametrs. It is interesting that the
-parameters used alone do not show
.c0od correlations with the activity
in the QSAR studiecs. But, if they
arc used in combinations signifi.
cant relationships can be seen with
the antibacterial activity.

are

the standart deviation(s) is minimi-
zed and forward elimination proce-
|

dure, one of stepwise regression

method, is stated in our study (Ta‘b.
i

b
S

1
i



le 2 and 4).
statistichally
equations.

These situations are
justified the best

The best equations which are
obtained from the regression analy-
sis, involve g value instead of 72
as hydrophobic parameter which
cause a linear relationship, F and/or
R are more available than the §,
as the electronic parameters and
the values of the MW and MR as
steric parameters fit both of the
best equations. P, a steric parame-
ter, is only adapted for Staph.
aureus.

The square of multiple regres.
sicn coefficient (R2) were obtained
for Staph. aureus as 0.9994 and for
S. faecalis as  0.9998. This means
that the best equation which we
have costablished can be used to
predict the antibacterial activity for
untested 2-(p-substituted-phenylben.
zoxazoles against S. faecalis and
Staph. aureus. Of. course, this ob-
servation supplies a lot of advan.
tages in designing the most active
compound.
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