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ABSTRACT

QSAR study of fluorovinyloxyacetamide has been made with the help
of quantum chemical parameters such as absolute hardness (η) and elec-
tronegativity (χ). These two parameters have been derived with the help
of density functional theory and used to correlate the structural features
to the biological activities. The 3D modeling and geometry optimization
of all the derivatives have been done with the help of PCMODEL
software and semiempirical PM3 calculations performed with the help
of  WinMOPAC-7.21 software. The absolute hardness provides valuable
information due to maximum hardness principle and used in the devel-
opment of  QSAR models. These QSAR models may be used to predict
the biological activities of hypothetical derivatives of fluorovinyl-
oxyacetamide.                    2006 Trade Science Inc. - INDIA
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INTRODUCTION

Oxyacetamide has been developed as a herbi-
cide, which shows good herbicidal activity for an-
nual weeds through inhibition of cell division and
amino acid biosynthesis[1]. Especially, the excellent
selectivity between crop (rice) and weeds (barnyard
grass), an important weed in paddy fields, is a merit
of  oxyacetamide herbicide[2]. To exploit a new and
highly active herbicide, fluorovinyloxyacetamides,
which was introduced fluorovinyl group into
oxyacetamide, were synthesized and evaluated their

herbicidal activities. In this research, we have de-
scribed QSAR of fluorovinyloxyacetamide.

The QSAR[3-8] methods are characterized by two
assumptions with respect to relation between chemi-
cal structure and biological activity. The first is that
one can derive a quantitative measure from the struc-
ture of those global and local properties of signifi-
cance to the biological activity of a compound and
the other is that one can mathematically describe
the relationship between biological activity one
wishes to optimize and the molecular property cal-
culated from the structure. The DFT based global
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phenomenon have convenient role to determine the
predictive QSAR models[9-12]. For QSAR study of
chemical compound various reactivity indices like
energy of  frontier orbitals (HOMO and LUMO), ab-
solute hardness η[13-14], global softness S[15], electrone-
gativity χ[16,17] and chemical potential µ[18] have been
taken.

Theory DFT is based on two famous theorems
by Hohenberg and Kohn[19], considered the electron
density ρ as basic information for atomic and mo-
lecular system instead of  wave function ψ. There
are many important application of DFT in chemis-
try. By application of  variational principle to the
functional Eel[ρ(r)][20] (where Eel is electronic energy
of the system), taking into account that the electron
density should all time integrate to the total number
of electrons, one obtains the density functional ana-
logue to the Schrodinger equation:

ννννν(r) + ∂∂∂∂∂FE(r) / ∂ρ/ ∂ρ/ ∂ρ/ ∂ρ/ ∂ρ(r) = µµµµµ (1)

where ν(r) is the external (i.e. due to nuclei) po-
tential at position r, and ρ(r) is the ground state elec-
tron density. FE(r) yields upon integration the elec-
tronic kinetic energy and the electron-electron re-
pulsion energy and µ is the Lagrange multiplier.

The Lagrange multiplier is called the electronic
chemical potential and is defined as the partial de-
rivative of  the energy of  the system, E, with respect
to the number of electrons N at a constant external
potential ν(r).

µ =  (∂µ =  (∂µ =  (∂µ =  (∂µ =  (∂E / ∂ ∂ ∂ ∂ ∂N)v(r) (2)

This electronic chemical potential was identified
by Parr et al[21] as the opposite of  electronegativity,
as defined by Iczkowski and Margrave[22]

χ =   − (∂χ =   − (∂χ =   − (∂χ =   − (∂χ =   − (∂E / ∂ ∂ ∂ ∂ ∂N)v(r) =====  −µ −µ −µ −µ −µ (3)

Assuming a quadratic relationship between the
energy and the number of  electrons and using a fi-
nite difference approximation, one obtain from equa-
tion-3 Mullikins formula[23] for the electronegativity

χχχχχ = I + A / 2 (4)

With I and A the ionization energy and the elec-
tron affinity of  the system respectively. A functional
relationship is seen to exist between µ on one hand
and N and ν(r) on the other hand obtain

dµ µ µ µ µ = (∂(∂(∂(∂(∂2E / ∂ ∂ ∂ ∂ ∂N2)v(r) dN+∫(δµ+∫(δµ+∫(δµ+∫(δµ+∫(δµ/δδδδδv(r))N ∫ν∫ν∫ν∫ν∫ν(r) dr (5)

where (δµ / δv(r))N is the Fukui function as de-
fined by Parr and Yang[24] i.e.,

f(r) = (δµ (δµ (δµ (δµ (δµ / δδδδδv(r))N = (∂ρ(∂ρ(∂ρ(∂ρ(∂ρ(r)  / ∂ ∂ ∂ ∂ ∂N)v(r) (6)
and

ηηηηη = 1/2 (∂(∂(∂(∂(∂2E / ∂ ∂ ∂ ∂ ∂N2)v(r) (7)

is the hardness defined by Parr and Pearson[25-26].
Again assuming that the energy varies quadratically
with the number of electrons and using a finite dif-
ference approximation we obtain

ηηηηη = 1/2 (I - A) (8)

According to Koopman’s theorem, the IP is sim-
ply the eigen value of HOMO with change of sign
and EA is the eigen value of LUMO with change of
sign[27]. Therefore on this basis we can write reactiv-
ity indices in terms frontier orbital energy as

Hardness ηηηηη = 1/2 (εεεεε LUMO - εεεεε HOMO) (9)

MATERIAL AND METHOD

For the purpose a set of  28 derivatives of
fluorovinyloxyacetamide with their observed biologi-
cal activity[28] in terms of  -logEC50 values have been
taken and are tabulated under TABLE 1. For QSAR
prediction, the 3D modeling, and geometry optimi-
zation of all the compounds has been done with the
help of PCMODEL software, using PM3
hamiltonian[29]. The MOPAC calculation have been
performed with WINMOPAC 7.21 software, by ap-
plying keywords PM3 Charge=0 Gnorm=0.1, Bonds,
Geo-OK, Vectors Density and all the values required
for the determination of  the value of  absolute hard-
ness, global softness, chemical potential and elec-
tronegativity have been obtained from this software
by solving the equation given in theory and the re-
sult are reported in TABLE 2.

RESULT AND DISCUSSION

The structure of  fluorovinyloxyacetamide is given
in TABLE 1. 28 derivatives of fluorovinyloxyaceta
mide are listed with their observe herbicidal activity
in same table. The activity was expressed in terms
of 50%-growth-inhibition concentration (EC50) of
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TABLE 1: Structure of  38 derivatives of  fluorovinyloxyacetamide and their biological activity in terms of
EC50 values

No R1 R2 R3 Activity 
Subgroup-1 

1 -(CH2)5-  3-CH3-C6H4 2.114 
2 -(CH2)5-  4-C2H5-C6H4 1.738 
3 -(CH2)5-  3,5-Cl2-C6H3 1.674 

Subgroup-2 
4 -CH(C2H5)(CH2)4-  4-CH3-C6H4 1.807 
5 -CH(CH )(CH2)3CH(CH3)- 3-Cl-C6H4 1.738  
6 -CH(CH3)(CH2)4-  4-CH3-C6H4 1.574 

Subgroup-3 
7 -(CH2)6-  3-CH3-C6H4 2.102 
8 -(CH2)6-  3-CH3O-C6H4 2.036 
9 -(CH2)6-  3,4-(CH3)2-C6H3 1.992 
10 -(CH2)6-  3,5-(CH3)2-C6H3 1.910 
11 -(CH2)6-  4-C2H5-C6H4 1.867 

Subgroup-4 
12 C6H5 CH3 C6H5 2.408 
13 C6H5 CH3 3-F-C6H4 2.387 
14 C6H5 CH3 3-CH3-C6H4 2.366 
15 C6H5 CH3 3-CF3-C6H4 2.046 
16 C6H5 CH3 4-C2H5O-C6H4 1.937 

Subgroup-5 
17 4-F-C6H4 CH3 C6H5 2.387 
18 4-F-C6H4 CH3 4-CH3-C6H4 1.941 
19 4-F-C6H4 CH3 4-CH3O-C6H4 1.763 

Subgroup-6 
20 4-Cl-C6H4 C2H5 4-CH3-C6H4 1.517 
21 4-CH3O-C6H4 n-C3H7 4-CH3-C6H4 1.360 
22 3-CF3-C6H4 C2H5 4-CH3-C6H4 1.259 

Subgroup-7 
23 3-CH3-C6H4 i-C3H7 C6H5 2.036 
24 3-CH3-C6H4 i-C3H7 3-F-C6H4 1.673 
25 3-CH3-C6H4 i-C3H7 3-CH3O-C6H4 1.470 

Subgroup-8 
26 4-Cl-C6H4 CH3 C6H5 1.988 
27 4-Cl-C6H4 CH3 3-CH3O-C6H4 1.691 
28 4-Cl-C6H4 CH3 4-CH3O-C6H4 1.670 
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TABLE 2: Various reactivity indices of  fluorovinyloxyacetamide derivatives and their biological activity in
terms of  EC50 values

No. εHOMO εLUMO χ η A 
Subgroup-1 

1 -9.48232 -0.61146 5.04689 4.43543 2.114 
2 -9.35334 -0.58712 4.97023 4.38311 1.738 
3 -9.59467 -0.9222 5.258435 4.336235 1.674 

Subgroup-2 
4 -9.45975 -0.62675 5.04325 4.4165 1.807 
5 -9.53741 -0.71721 5.12731 4.4101 1.738 
6 -9.37616 -0.77491 5.075535 4.300625 1.574 

Subgroup-3 
7 -9.52718 -0.69689 5.112035 4.415145 2.102 
8 -9.38277 -0.83731 5.11004 4.27273 2.036 
9 -9.42996 -0.59459 5.012275 4.417685 1.992 
10 -9.44652 -0.62845 5.037485 4.409035 1.91 
11 -9.42351 -0.61736 5.020435 4.403075 1.867 

Subgroup-4 
12 -9.74093 -0.55614 5.148535 4.592395 2.408 
13 -9.78464 -0.68396 5.2343 4.55034 2.387 
14 -9.56045 -0.50447 5.03246 4.52799 2.366 
15 -9.79702 -0.89059 5.343805 4.453215 2.046 
16 -9.17541 -0.56713 4.87127 4.30414 1.937 

Subgroup-5 
17 -9.63653 -0.71533 5.17593 4.4606 2.387 
18 -9.53356 -0.68843 5.110995 4.422565 1.941 
19 -9.11083 -0.69437 4.9026 4.20823 1.763 

Subgroup-6 
20 -9.52276 -0.62753 5.075145 4.447615 1.517 
21 -9.39814 -0.5043 4.95122 4.44692 1.36 
22 -9.54142 -0.89167 5.216545 4.324875 1.259 

Subgroup-7 
23 -9.49216 -0.2859 4.88903 4.60313 2.036 
24 -9.76973 -0.68775 5.22874 4.54099 1.673 
25 -9.06923 -0.33726 4.703245 4.365985 1.47 

Subgroup-8 
26 -9.56145 -0.61275 5.0871 4.47435 1.988 
27 -9.3403 -0.49878 4.91954 4.42076 1.691 
28 -9.30762 -0.79186 5.04974 4.25788 1.67 

εεεεεHOMO and εεεεεLUMO are eigen values of highest occupied molecular orbital and lowest unoccupied molecular orbital respectively obtained from PM3
calculation (29). χ χ χ χ χ is electronegativity, η η η η η is absolute hardness and A is observed biological activity in terms of  –logEC50 (1, 28).

barnyard grass. The EC50 values were estimated by
fitting data to sigmoidal type function[1] because the
experiments were performed in a range of  concen-
tration (1.000, 0.2500, 0.0625, 0.0156, 0.0040 kg/

ha) and activities were represented by 10 percent
unit. In the equation-10, the initial and final values
were fixed. Activities were demonstrated to 100 per-
cent, and other variables were changed to fit. The
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concentration and EC50 value were converted by -
log function to fit scale.

2d/)(
21 A

e1
AAY

0
+

+
−= χχ−χ

(A1: initial value = 0, A2: final value = 100, χ0 : cen-
ter, dx: time const.)

The TABLE 2 contains eigen values of frontier
orbitals (HOMO & LUMO) of derivatives, abso-
lute hardness and electronegativity. These two reac-
tivity indices are DFT based fundamental tool for
describing the chemical properties and reactivity for
chemical system as we have published for different
compounds earlier[30-36]. A close look at TABLE 2
indicates a very good relationship between absolute
hardness and biological activity as demonstrated in

graph-1. The trends between electronegativity and
activity is shown in graph-2 is not as clear as in case
of  absolute hardness. Hardness provides better rela-
tionship because of maximum hardness principle[37].
The direct relationship between absolute hardness
and herbicidal activity provides a strong background
to develop QSAR model. Although there is a direct
relationship but there is no sequential rise or fall. In
order to provide sequential relationship we have di-
vided the set into subgroups on basis of  their struc-
tural similarities. If  the relationship is examined in
these subgroups separately the relationship is exhib-
ited sequentially.

In subgroup-1 compounds (1), (2) and (3) are
present in which the parent structure is same with
only small variation at R3 position. In this subgroup
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Graph 2: Trends between electronegativity and biological activity

0

1

2

3

4

5

6

7

8

1 3 5 7 9 11 13 15 17 19 21 23 25 27

A η

Graph 1: Trends between absolute hardness and biological activity
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the highest activity is associated with compound
number (1) and the absolute hardness of this com-
pound is also highest, while the lowest value of ac-
tivity and absolute hardness is associated with com-
pound number (3). Thus the activity has direct rela-
tionship with absolute hardness. The compounds (4),
(5) and (6) have almost same parent structure with
small variation and are considered as second sub-
group. The highest value of  activity as well as abso-
lute hardness of subgroup-2 is also along with com-
pound number (4), as the hardness decreases the bio-
logical activity also decreases. The compound num-
ber (6) has lowest value of hardness as well as bio-
logical activity. The subgroup-3 has five compounds
on the basis of  their structural similarities and fol-
lows same trends between biological activity and
hardness, as the hardness decreases the biological
activity also decreases. The compounds (7) and (8)
are R3 substituted with an aromatic group. The aro-
matic group has single substitution while rest com-
pound of series have disubstituted aromatic nucleus
at R3 position. So it shows some variation however
(7) and (8) itself follow the trend. The subgroup-4
contains five compounds with almost same struc-
ture and the variation takes place only at R3 posi-
tion, the compound number (12) have highest activ-
ity as well as highest hardness and as the hardness
decreases the activity also decreases. The Subgroup–
5 contains three compounds, which have same struc-
ture with only variation at R3 position they show di-
rect relationship with hardness. The subgroup-6 con-
tains three compounds the structure is almost same
with small variation, the relationship between abso-
lute hardness and biological activity in this subgroup
is well defined. The subgroup-7 contains three com-
pound and have same structure with substitution
only at R3 position these compound also show direct
relationship with absolute hardness. The subgroup-
8 contains three compounds in these compounds the
substitution at R3 position and have good relation-
ship with absolute hardness and herbicidal activity.

CONCLUSION

From the above structure activity relationship
discussion it is clear that the absolute hardness is an

important parameter for QSAR study. On the basis
of this we can build up theoretical base for demon-
strating relative activity of  compounds. Besides ab-
solute hardness (η), we have evaluated another DFT
based reactivity indices electronegativity (χ), which
is also included in TABLE 2. Hardness provides a
better relationship because of maximum hardness
principle[37]. The close examination of TABLE 2
shows that the trend of relationship between bio-
logical activity and electronegativity is not as clear
as in case of  absolute hardness. So with help of  ab-
solute hardness it is easy to asses the biological ac-
tivity of any hypothetical compound by comparing
previously known one even without their synthesis.
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