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INTRODUCTION

Enzyme alcohol dehydrogenase (ADH) catalyzes
the first step in alcohol metabolism and would be a ra-
tional target for inhibiting alcohol metabolism. Inhibi-
tors of this enzyme would be useful for studying the
metabolism of alcohols. Hence the study of ADH inhi-
bition is important to design useful drugs. This enzyme
is inhibited by amides[1] and pyrazoles[2]. We in this pa-
per present the QSAR study of 13 derivatives of amides
and 11 derivatives of pyrazole with the help of new set
of descriptors; heat of formation[3], energy of highest
occupied molecular orbital[4], energy of lowest unoc-
cupied molecular orbital [5], total energy[6], absolute
hardness[7,8], chemical potential[9] and global hardness.
These descriptors have been successfully employed for
QSAR study recently[10, 11].

EXPERIMENTAL

The study materials of this paper are inhibitors of
enzyme alcohol dehydrogenase and are presented in
TABLES 1 and 2. TABLE 1 includes derivatives of
amides, and TABLE 2 derivatives of 4-substituted
pyrazoles. The biological activity of the derivatives has
been measured in term of inhibitory activity I

50
. For

QSAR prediction, the 3D modeling and geometry opti-
mization of all the compounds have been done with the
help of PCMODEL software using the semiemipirical
PM3 Hamiltonian.  All calculations have been performed
with Win MOPAC 7.21 software by applying key words
PM3 Charge = 0 Gnorm = 0.1, Bonds, Geo-OK, Vec-
tors Density. The values of heat of formation (H

f
), en-

ergy of highest occupied molecular orbital (HOMO),
energy of lowest unoccupied molecular orbital
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descriptors.

ABSTRACT

Descriptors, heat of formation, energy of HOMO, total energy, absolute
hardness, global hardness and chemical potential in different combina-
tions, have been used to develop QSAR models of inhibitors of enzyme
alcohol dehydrogenase. The inhibitors are mainly derivatives of amides
and pyrazoles, which are divided into two different sets. One QSAR model
having the best predictive power is presented in each set. The correlation
coefficient value is above 0.8 in first and above 0.9 in second set. The best
combination of descriptors are heat of formation, total energy alongwith
any two of the descriptors viz. energy of HOMO, chemical potential and
global hardness.  2008 Trade Science Inc. - INDIA
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(LUMO), total energy (TE), absolute hardness () and
chemical potential () have been obtained from this soft-
ware by solving the equations given below and the re-
sults are reported in the TABLE 3 for amide deriva-
tives and  TABLE 4 for pyrazole derivatives.

Parr et al. defined electronegativity[13] as the nega-
tive of chemical potential:

= -(E/N) v
(r)

(1)

The absolute hardness,, is defined as[14]

C
R NH2

O

 
Compound R Observed I50 

1C F2CH 1.12 
2C F3C 1.33 
3C CICH2 2.12 
4C CI2CH 2.19 
5C CI3C 2.07 
6C BrCH2 2.24 
7C Br2CH 2.49 
8C ICH2 2.72 
9C Et2CH 3.41 

10C CH2=C(Me) 3.02 
11C C6H5 3.15 
12C CONH2 3.22 
13C Me2CH 3.77 

TABLE 1: Amides and their ADH inhibition constant TABLE 2: 4-Substituted pyrazoles  and their ADH inhibition
constants

N NH
1 2

3

4

5

X

 
Compound no. X Observed K50 

1C C6H13 9.15 
2C C5H11 8.46 
3C C3H7 7.56 
4C CH3 6.79 
5C OC3H7 6.24 
6C OCH(CH3)2 5.84 
7C OC2H5 5.56 
8C OCH3 5.17 
9C NO2 4.02 

10C NH2 3.74 
11C NHCOCH3 3.66 

TABLE 3: Values of descriptors of amide derivatives 

Compd. no f GH TE HOMO LUMO AH  Observed K50 Predicted K50 Residual 
1C 13.316 -9.872 -79.630 -9.302 0.570 4.936 4.366 9.150 8.637 0.513 
2C 18.751 -9.871 -72.470 -9.300 0.571 4.936 4.365 8.460 8.333 0.127 
3C 29.612 -9.871 -58.150 -9.296 0.574 4.935 4.361 7.560 7.725 0.165 
4C 39.296 -9.895 -43.831 -9.331 0.564 4.947 4.384 6.790 7.166 0.376 
5C 3.089 -9.463 -70.323 -8.967 0.495 4.731 4.236 6.240 5.915 0.325 
6C 2.167 -9.477 -70.313 -8.973 0.504 4.738 4.235 5.840 5.933 0.093 
7C 8.388 -9.461 -63.163 -8.964 0.497 4.731 4.233 5.560 5.602 0.042 
8C 13.080 -9.485 -56.020 -9.006 0.479 4.743 4.263 5.170 5.366 0.196 
9C 126.155 -7.802 -68.319 -9.521 -1.719 3.901 5.620 4.020 4.252 0.232 

10C 53.788 -8.624 -46.113 -7.852 0.772 4.312 3.540 3.740 2.901 0.839 
11C 4.663 -9.045 -70.736 -8.555 0.490 4.523 4.033 3.660 4.359 0.699 

TABLE 4: Values of  descriptors of pyrazoles derivatives 

Compd. no f GH TE HOMO LUMO AH  Observed K50 Predicted K50 Residual 
1C -139.102 -10.771 -67.302 -10.562 0.210 5.386 5.176 1.120 1.830 0.710 
2C -195.200 -10.766 -83.223 -10.930 -0.164 5.383 5.547 1.330 0.988 0.342 
3C -21.061 -8.579 -44.283 -9.318 -0.740 4.289 5.029 2.120 2.032 0.088 
4C 4.735 -7.635 -53.095 -9.015 -1.380 3.818 5.197 2.190 1.898 0.292 
5C 37.269 -7.471 -61.938 -8.945 -1.473 3.736 5.209 2.070 2.470 0.400 
6C -39.239 -9.898 -45.351 -10.343 -0.445 4.949 5.394 2.240 2.533 0.293 
7C -30.763 -9.281 -55.235 -10.503 -1.222 4.640 5.863 2.490 2.250 0.240 
8C 63.238 -7.359 -66.507 -9.727 -2.368 3.679 6.048 2.720 2.636 0.084 
9C -70.018 -11.046 -64.142 -10.040 1.006 5.523 4.517 3.410 3.364 0.046 

10C -33.709 -10.436 -48.020 -10.081 0.355 5.218 4.863 3.020 3.210 0.190 
11C -42.624 -10.341 -55.199 -10.002 0.339 5.170 4.832 3.150 3.109 0.041 
12C -16.270 -9.768 -64.529 -10.001 -0.233 4.884 5.117 3.220 3.212 0.008 
13C -60.298 -11.052 -49.831 -10.047 1.005 5.526 4.521 3.770 3.318 0.452 
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= ½ (E/N2)
= ½. (/N2) 

(r)

(2)

where E is the total energy, N the number of electrons of the
chemical species, and v(r) the external potential.

The operational definition of absolute hardness and
electronegativity is defined as:
= (IP-EA)/2 (3)
-= (IP+EA)/2 (4)

where IP and EA are the ionization potential and electron affin-
ity respectively, of the chemical species.

According to the Koopman�s theorem, the IP is sim-
ply the eigen value of the HOMO with change of sign[12]

and the EA is the eigen value of the LUMO with change
of sign hence the equations 5 and 6 can be written as:
= (LUMO-HOMO)/2 (5)
= -(LUMO+HOMO)/2 (6)

The heat of formation is defined as:

H
f
 =E

elect
.+E

nuc
.-E

isol
.+E

atom
(7)

where E
elect

. is the electronic energy, E
nuc

. is the nuclear-nuclear
repulsion energy, E

isol
 is the energy required to strip all the

valence electrons of all the atoms in the system, and E
atom 

is the
total heat of atomization of all the atoms in the system.

Total energy of a molecular system is the sum of the
total electronic energy, E

ee
 and the energy of internuclear

repulsion, E
nr
. The total electronic energy of the system

is given by

E =P (H +F) /2  (8)

where P is the density matrix and H is the one-electron matrix.
These parameters and the charges on atoms were obtained
from PM3[15] calculations.

RESULTS AND DISCUSSION

The catalytic action of enzyme alcoholdehydrogenase
(ADH) is inhibited by amides[1] and pyrazoles[2]. The
study has accordingly been made in two different sets.
The first set includes derivatives of amides and the sec-
ond set derivatives of pyrazoles. The compounds of
both sets are included in TABLES1 and 2 respectively.
The inhibition activity of both the sets is reported in
terms of K

50
. The QSAR study of both the sets has

been discussed as below:

1st  Set

In this set thirteen derivatives of amides[1] (Figure 1)
have been taken for study. The values of various de-

scriptors evaluated by PM3 method are included in
TABLE 3, alongwith their reported inhibitory activity
K

50
.

K
50    

= 0.0170893*Hf-0.0150042*TE-1.38365*
HOMO-1.70332*CP-2.59999
rCV2  =0.4454

(9)

r2=0.829909

This model includes the Hf as first descriptor, TE
as second descriptor, HOMO as third descriptor and
CP as fourth descriptor. MLR analysis of this set using
regression equation-9 provides reliable results as the
predicted activity is very close to observed activity. This
is also clear from the figure 3, which shows the graphic
representation of correlation between the observed and
predicted activity. On the basis of statistical quality of
result it is clear that one can use this equation to predict
the inhibitory activity of any hypothetical compounds of
amide series.

2nd Set

This set comprises of eleven derivatives of 4-sub-
stituted pyrazoles[2] (Figure 2), which are reported in
TABLE 2

The values of various descriptors are included in
TABLE 4 alongwith the reported inhibitory activity. The
regression equation given below is chosen as QSAR
model to predict the activity of the compounds of this
set.
K

50   
=0.041058xHf-3.95628xGH-0.0734244

TE-36.8112
rCV2=0.462008

(10)

 r2=0.946439

This model includes the Hf  as first, GH as second
descriptors and TE as third descriptor. The predicted
biological activity (K

50
) from equation -10 is also re-

C
R NH2

O

N NH
1 2

3

4

5

X

Figure 1: Amides

Figure 2 : 4-Substituted pyrazoles
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ported in TABLE 4. MLR analysis of this set using re-
gression equation-10 indicates to have reliable predic-
tive power. This is also clear from the figure 4, which
shows the graphic representation of correlation between
the observed and predicted activity.

CONCLUSION

1. The QSAR models of two sets amides and pyrazoles
have been developed with reliable predictive power.

2. The first set has thirteen derivatives of amides and
the QSAR model has been developed by the com-
bination of four descriptors, Hf, TE, HOMO and
. The correlation coefficient value is 0.829.

3. The second set has eleven derivatives of pyrazoles
and the QSAR model has been developed by the
combination of three descriptors,  Hf, GH and TE.
The correlation coefficient value is 0.946.

Q SAR Model-1
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4. No single descriptor has been noticed to provide
any direct relationship with the activity of amides or
pyrazoles derivatives. The descriptor Hf has been
the best descriptor in preparing QSAR model. The
second best is TE and  the third best is HOMO.

5. Quantum chemical descriptors, such as absolute
hardness, global hardness, LUMO and chemical
potential have provided little contribution in prepar-
ing QSAR model.
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