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QSAR Study on Pyridazinone Derivatives
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The 3D structures for 16 kinds of pyridazinone derivatives were
confirmed by density functional theory (DFT) method at B3LYP/3-
21G level. Then the structure parameters, the electric parameters, the
physical property parameters of molecules were obtained. The
quantitative structure-activity relationship including bi-parametric,
tri-parametric, tetra-parametric models of the title compounds was
established by the multiple linear regression method. It is shown in
the models that ∆E and log P were the key factors to affect the
fungicidal activities against housefly larvae. The higher ∆E and the
lower log P, the higher fungicidal activities.
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INTRODUCTION

Heterocyclic compounds are main compounds for novel pesticides
development. Pyridazinone is a kind of heterocyclic compounds with the
favourable biological activity1,2. In 1949, it was first reported by Schoene
and Hofmann that the pyridazinone containing hydroxyl had certain
restraining trains for disintegrating of plant cells, which prompted the rapid
development of pyridazinone derivatives in agricultural pesticide fields.
The use of pyridazinone ring as parent carved out new ways for prepara-
tion of novel agricultural pesticides.

Pyridazinone derivatives had the favourable weeding, disinfectant,
killing mite and fungicidal capacity3-5. At present, some pesticides of
pyridazinone derivatives regarded as commodities already appeared, such
as plant growing regulators, weedicides, bactericides, insect growing
regulators, etc. With the rapid development of pyridazinone derivatives
research, a great deal of new pesticides with high effect are more and more
produced.

The synthesis and biological activity about 16 kinds of pyridazinone
derivatives were reported in the document6. But the position of substituent
R1 in benzene ring was not confirmed and the quantitative structure-



activity relationship was not discussed. In present study, each kind of
isomeric compounds was optimized with DFT at B3LYP/3-21G level to
search for the stable configurations. On the basis of stable configurations,
QSAR study of pyridazinone derivatives have been developed.

EXPERIMENTAL

The 3D structures of title compounds were built by the Chem3D pack-
age. The MM2 force field was applied to search for the lowest energy
conformations for each molecule7, the step interval is 2.0 fs and the frame
interval is 10 fs, the terminative step is 10000, the heating/cooling Race is
4.18 kJ (atom·ps) and the target temperature is 300 K.

On the basis of lowest energy conformations calculated by MM2 force
field, the geometry structures of the pyridazinone derivatives were opti-
mized with DFT at B3LYP/3-21G level and the 16 optimal structures were
chosen to further study. The quantum chemistry calculation was performed
by Gaussian98 package on Pentium IV PC.

In addition, the correlation analysis and regression analysis were com-
puted for the quantum parameters by the statistics software SPSS.

RESULTS AND DISCUSSION

Choice of stable configurations:  16 Kinds of pyridazinone deriva-
tives were reported6 and its 2D structures are shown in Fig. 1 and Table-1.
The fungicidal activities (FA) of compounds against housefly larvaes6 are
listed in Table-4. But the position of substituent R1 in benzene ring was not
confirmed. In term of chemical principle, stability of isomeric compounds
was discrepant. Organic synthesis reactions could proceed towards a
direction what could generate into the most stable production. So in present
study, it was the first question required to be selected that searching for the
lowest energy configurations, i.e., the stable structures.
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Fig. 1. 2D structures of pyridazinone derivatives

The optimal calculation method had been selected before the stable
structures were chosen. To the second class of compounds (2-a, 2-b, 2-c),
the two methods, HF/3-21G and B3LYP/3-21G, were applied, respectively.
The values of total energy are shown in Table-2.
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TABLE-1 
SUBSTITUENTS OF PYRIDAZINONE DERIVATIVES 

Compound R1 R2 R3 

1-a, b, c Cl H Cl 
2-a, b, c CH3 H Cl 
3-a, b, c OCH3 H Cl 
4-a, b, c Cl CH3 Cl 
5-a, b, c CH3 CH3 Cl 
6-a, b, c OCH3 CH3 Cl 
7-a, b, c Cl H NHCH3 
8-a, b, c CH3 H NHCH3 
9-a, b, c OCH3 H NHCH3 
10-a, b, c Cl CH3 NHCH3 
11-a, b, c CH3 CH3 NHCH3 
12-a, b, c OCH3 CH3 NHCH3 
13 H H Cl 
14 H CH3 Cl 
15 H H NHCH3 
16 H CH3 NHCH3 
a, b, c: stand for o-, m- and p-positions of substituent R1, respectively. 

 
 

TABLE-2 
TOTAL ENERGY VALUES OF COMPOUND 2 BY DIFFERENT 

CALCULATION METHODS 

Compounds Et/A.U. (HF/3-21G) Et/A.U. ( B3LYP /3-21G)  

2-a -1667.0479 -1673.1146 
2-b -1667.0429 -1673.1100 
2-c -1667.0374 -1673.1040 

 
According to Table-2, the calculation results were quite close between

HF and B3LYP, but the lowest energy was obtained by the B3LYP method.
So B3LYP/3-21G was adopted to calculate the series of pyridazinone
derivatives in the succedent research. The values of total energy computed
by B3LYP/3-21G are listed in Table-3. In the light of lowest energy prin-
ciple, 12 stable structures noted by “*” in Table-3 are attained from each
class of isomeric compounds (o-position, m-position, p-position). Accord-
ing to Table-3, the positions of substituent R1 were in o- or p-commonly,
only were compound 7 and 8 in m-position.

Molecular descriptors:  Certain molecular properties were up to the
structure of molecule itself. Once the structure of molecule was confirmed,
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TABLE-3 
CALCULATED TOTAL ENERGY OF THE TITLE COMPOUNDS BY 

B3LYP/3-21G METHOD  

Compound Et/A.U. Compound Et/A.U. 

1-a -2091.2600 7-a -1728.1672 
1-b -2091.3994  7-b* -1728.1732 

 1-c* -2091.4008 7-c -1728.1518 
 2-a* -1673.1146 8-a -1309.8772 
2-b -1673.1100  8-b* -1309.8788 
2-c -1673.1040 8-c -1309.8742 

 3-a* -1747.9081  9-a* -1384.6707 
3-b -1747.9012 9-b -1384.6625 
3-c -1747.9027 9-c -1384.6517 

 4-a* -2130.5063  10-a* -1767.2678 
4-b -2130.5058 10-b -1767.2674 
4-c -2130.4997 10-c -1767.2524 

 5-a* -1712.2183 11-a -1348.9790 
5-b -1712.2177 11-b -1348.9784 
5-c -1712.2149  11-c* -1348.9822 
6-a -1787.0112 12-a -1423.7717 
6-b -1787.0100 12-b -1423.7707 

 6-c* -1787.0175  12-c* -1423.7737 

*Stands for stable configuration among isomeric compounds. 

the properties of this molecule were ascertained subsequently. So the
purpose that modifying the intrinsic characters to change the properties of
molecule could be realized, which was the aim of QSAR research.

Molecular activity might be affected by some physical-chemical prop-
erties of molecules, such as frontier molecular orbital. According to the
molecular orbital theory of chemical reaction, LUMO, as an electron
acceptor, represents the ability to obtain electron, but HOMO, as a donor,
displays the capability to donate electron. The transition states are formed
during interaction between LUMO (electron acceptor) and HOMO (elec-
tron donor) of the reacting compound. So it is significant that the research
of frontier molecular orbital to verify the activity position and reaction
mechanism.

In addition, skeleton structures, charges in the ring, properties of
substituent, physical parameters of compounds all affected to molecular
activities to some extent. So these parameters were selected below.

Electronic parameters: Et, EHOMO, ELUMO, ∆E, Qph;
Hydrophobicity parameters: µ, log P, P;
Steric parameters: V, S, M.
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Here and hereafter, Et, EHOMO, ELUMO, ∆E and Qph computed with
Gaussian represented the total energy of stable configurations. The highest
occupied molecular orbital energy, the lowest unoccupied molecular
orbital energy, energy difference between the frontier molecular orbitals
and total charges of benzene ring, respectively. And µ, log P, P, V, S and M
obtained by Hyperchem software were on behalf of dipole moments, loga-
rithm of n-octanol/water partition coefficient, polarizability, molecular
volume, molecular surface and molecular weight, respectively. The above
parameters are shown in Table-4.

Statistical analysis:  To investigate the relationships of molecular struc-
ture and activity, the relativity between these parameters selected and bio-
logical activity required to be further studied. In multiple linear regression
analysis, the descriptors in the regression equation must be independent
and the correlation of each one of descriptors with each other and with
fungicidal activity was calculated and presented by a Pearson correlation
matrix in Table-5. To eliminate the inter-correlated parameters and mini-
mize the information overlap in the equation, the variables with lower
inter-correlation (|r| < 0.5) were considered only8.

According to Table-5, the parameters which had positive relations with
fungicidal activity were Et, EHOMO, ELUMO, ∆E, µ, V, S and R; the others,
Qph, log P, P and M, had negative correlative to fungicidal activity.

In the molecular orbital theory, the reaction between the active mol-
ecules and the receptor mainly happened on the frontier molecular orbital
and near orbital. If the compound works as an electron donor in the reac-
tion with the receptor, higher EHOMO means easy to donate electrons. If the
compound works as an electron acceptor in the reaction with the receptor,
lower ELUMO means it is easy to accept electrons.

Due to the positive relationship between fungicidal activity and the
frontier molecular orbital (EHOMO, ELUMO), it was illustrated that the aim
compounds regarded as donors had reacted with acceptors. In Table-5, the
Pearson coefficient between fungicidal activity and log P was best (R =
-0.72), which showed that log P had been an important factor affected fun-
gicidal activity.

To further study the correlative factors affected fungicidal activity,
bi-, tri- and tetra-parametric models were established, respectively.

Bi-parametric models:  35 Bi-parametric equations were founded by
the optional two parameters with the lower inter-correlation each other (|r|
< 0.5) as the independent parameters and fungicidal activity as the depen-
dent parameter. The best model eqn.1 were picked from the 35 equations
(R > 0.75, RA

2 > 0.6).
FA = -9.947 + 1594.436∆E - 35.189 log P
R = 0.813; RA

2 = 0.608; F = 12.646 (1)
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The statistical quality9 of the regression equations were gauged by
parameters like correlation coefficient (r), explained variance (RA

2, i.e.,
adjusted R2), variance ratio (F)10,11. The better regression models were se-
lected on the basis of the higher r, F value (a statistic of assessing the
overall significance) and RA

2. This bivariate combination of DE and log P
showed good statistics (r = 0.813) and explained to 60.8 % of the variance
in fungicidal activity data.

Tri-parametric models:  60 Tri-parametric equations were set up by
the optional three parameters with the lower inter-correlation each other as
the independent parameters and fungicidal activity as the dependent
parameter. Three better models 2, 3, 4 were chosen from the 60 equations.

FA = 216.949 + 830.488DE + 6.627µ - 0.027V - 29.790 log P
R = 0.859; RA

2 = 0.643; F = 7.758 (2)
FA = 206.830 + 927.835DE + 6.206µ - 0.352S - 29.385 log P
R = 0.852; RA

2 = 0.627; F = 7.292 (3)
FA = 331.323 + 8.339µ - 8.109Q - 28.537 log P - 5.709 P
R = 0.842; RA

2 = 0.604; F = 6.717 (4)
According to eqn. 2-4, it was also shown that DE and log P had been

the key factors affected fungicidal activity. Fungicidal activity had the
positive relationships with µ and the negative correlative to V and S, but S,
V had the smaller Pearson correlation coefficient (0.016, 0.006) to fungi-
cidal activity, respectively.

Tetra-parametric models:  31 Tetra-parametric equations were
established by the random four parameters with the lower inter-correlation
each other as the independent parameters and FA as the dependent param-
eter. Four better models 5, 6, 7, 8 were selected from the 31 equations.

FA = 216.949 + 830.488DE + 6.627µ - 0.027V - 29.790log P
R = 0.859; RA

2 = 0.643; F = 7.758 (5)
FA = 122.468 + 844.468DE + 6.429µ - 30.005log P - 2.089R
R = 0.857; RA

2 = 0.639; F = 7.626 (6)
FA = 197.838 + 851.443DE + 6.443µ - 29.027log P - 5.213P
R = 0.856; RA

2 = 0.638; F = 7.595 (7)
FA = 206.830 + 927.835DE + 6.206µ - 0.352S - 29.385log P
R = 0.852; RA

2 = 0.627; F = 7.292 (8)
Compared with these four models, eqn. 5 had the best regression effect

(R = 0.859, RA
2 = 0.643, F = 7.758). According to eqn. 5-8, it was shown

that fungicidal activity had the positive relations with DE, µ and the nega-
tive correlative to log P, V, S, P, R. Through tetra-parametric equations, it
was further illustrated that DE and log P had been the important factors
effected fungicidal activity.

Vol. 20, No. 1 (2008) QSAR Study on Pyridazinone Derivatives  207



Conclusions

Through optimizing the geometry structures of 40 compounds at
B3LYP/3-21G level, the 16 optimal structures were confirmed, then the
structure parameters, the electric parameters, the physical property param-
eters of pyridazone derivatives were obtained. Accordingly, the bi-para-
metric, tri-parametric, tetra-parametric models (1~8) were established
between biological activities and the parameters obtained by the multiple
linear regression. It is shown in the models that ∆E and log P were the key
factors to affect fungicidal activity. It's necessary that increasing the
polarity of molecules or decreasing the volume and surface of molecules
enhance the biological activities of pyridazone derivatives.
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