
Structure-Activity Relationship of Chalcones 
Against Influenza H1N1: Quantum Chemical 

Chemiometric Evaluation

Marcos Vinícius C. S. Rezende, Flávio O. S. Neto, Ademir J. 
Camargo & Lilian T. F. M. Camargo

É bem conhecido que o vírus da influenza causa epidemias anuais provocando milhares 
de mortes todos os anos. Embora já exista uma vacina para a influenza, o vírus sofre mutação 
e adquire resistência sazonal a medicamentos. Portanto, devido à necessidade urgente de 
novos compostos com potencial inibitório do vírus, muitos estudos têm apresentado várias 
substâncias para evitar a atividade inibitória à enzima responsável pela liberação do vírus 
no trato respiratório. Aqui, foi realizada uma demonstração de cálculo teórico e estudos 
quimiométricos de um conjunto de oito chalconas com potencial inibição da enzima 
neuraminidase. Foram realizados cálculos de estrutura eletrônica para determinar os 
parâmetros geométricos e eletrônicos usando a teoria da função densidade no cálculo de 
nível M06-2X/6-311++G(d,p). A relação entre a estrutura dos compostos e sua atividade 
contra o vírus da influenza H1N1 foi acessada por análise de componentes principais e 
análise hierárquica de cluster. Esperamos que nossos resultados possam ajudar a explicar as 
atividades de análogos de chalcona para modelar novos compostos com atividade contra o 
vírus da influenza.
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It is well known that the influenza virus causes annual epidemics provoking thousands 
of deaths annually. Although there is already a vaccine for influenza, the virus mutates 
and acquires seasonal resistance to medicines. Therefore, due to the urgent need for new 
compounds with the inhibitory potential of the virus, many studies have presented several 
substances to avoid inhibitory activity to the enzyme responsible for the release of the virus 
into the respiratory tract. Here, a demonstrative calculation of theoretical and chemometric 
was performed studies of a set of eight chalcones with potential inhibition of the neuraminidase 
enzyme. It was performed calculations of electronic structure to determine the geometric and 
electronic parameters using the theory of density functional at M06-2X/6-311++G(d,p) level 
calculation. The relationship between the structure of the compounds and their activity against 
the H1N1 influenza virus was accessed by principal component analysis and hierarchical 
cluster analysis. We hope that our results can help to explain the activities of chalcone analogs 
to model new compounds with influenza virus activity. 
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Introduction
The search for compounds with high inhibitory power 

in viruses with potential for epidemics and pandemics is 
unequivocally important.1–3 Recently, a new virus, known as 
COVID-194 China, was caused by a novel betacoronavirus, 
the 2019 novel coronavirus (2019-nCoV originating in 
southern China, classified as a pandemic by the World 
Health Organization (WHO)5, had a substantial impact 
in most countries6, causing collapses in the economy and 
health system2. Therefore, understanding the mechanisms 
of action of certain viruses, specifically those with high 
transmissibility capacity, is crucial for the development of 
new compounds active to control these microorganisms.1, 8–11

Other global pandemics occurred in the last century 
(1918, 1957, and 1960) caused by a virus with genes of 
avian origin and due to its genetic recombination.12 In this 
century, a similar emergency situation occurred in 2009, 
with the emergence of the H1N1 virus11, 13, resulting in 
international outbreaks. The influenza virus expresses 
two major glycoproteins on its surface, a haemagglutinin 
(HA) and neuraminidase (NA).8 Since HA mediates the 
binding of viruses to target cells by sialic acid residue in 
glycoconjugates.14 NA is responsible for the release of 
virion progeny and the general mobility of the virus in the 
respiratory tract14. Since amino acid residues from the NA 
active site have been shown to be highly conserved, it has 
been considered a good target for anti-influenza research.15   

NA inhibitors such as oseltamivir16, zanamivir17, have 
been reported as effective against the H1N1 influenza virus. 
However, these drugs presented some clinical limitations 
due to the rapid dissemination, mutation, increased 
pathogenicity, and resistance acquired by the virus.18 
Therefore, the development of new and potential anti-
influenza agents is necessary to fight H1N1 influenza since 
these virus remains to reach millions of people each year.

A series of studies have shown that compounds containing 
hydrazone fragments8,

 

19, derived from flavonoids15 and 
methyl ester of 1- (1’-hydroxyalkyl) rupestonic acid10 show 
good NA-inhibiting activity. Dao and collaborators20 also 
analyzed the ability of chalcone derivatives to inhibit the 

NA enzyme, and  5-prenylbutein  was the most potent 
compound with an IC50  around 5.80. Although it has been 
reported that chalcone analogues  have  inhibitory effects on 
the NA enzyme, an information  limited was acquires from 
structure-activity relationship (SAR) of these compounds15.

Therefore, considering a reduced number of molecules, 
quantum chemistry calculations combined with chemometric 
methods were used demonstratively may be advantageous 
to explain the activity of various compounds.21–25 Here, 
Density Functional Theory (DFT)26 were carried out to 
optimize and get the parameters the chalcones analogs. 
Principal Component Analise (PCA)27 and Hierarchical 
Cluster Analysis(HCA)27 were the methods used to 
elucidate the relationship between the chemical structure 
and the activity of the compounds.

Computational Procedure
MOLECULAR DESCRIPTORS

Chalcone derivatives are compounds that present 
many degrees of freedom, which allows for the 
existence of many stable conformation structures. In 
the absence of experimental structural data, it is important 
to carry out a conformational search on the compounds to 
find the conformation with the lowest energy. This search 
was carried out using the semi-empirical method pm328 
implemented in  HyperChem 8.5.29 The conformation of 
lowest energy of each compound was optimized using 
the Density Functional Theory (DFT)26 at the M062X/6-
311++G(d,p)30 level of theory using Gaussian G09 
programs.31

From the optimized structures, the following molecular 
descriptors were calculated: the partial atomic charges (C) 
(derived from electrostatic potential (CHELPG) according 
to the method proposed by Breneman and Wiberg,32 bond 
order indexes from NBO program, Kohn-Sham frontier 
molecular orbital energies (EHOMO and ELUMO), energy 
Gap (ELUMO – EHOMO), and hardness (ɳ). 22, 33, 34 Also, bond 
angles (A), dihedral angles (D), dipole moment, molecular 
Volume (V), polarizability (α), and partition coefficient 
were calculated.35
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Figure 1. Graphical representations of the: a) scores for the chalcones derivates and b) loadings for the molecular descriptors selects by the PCA 
model that can discriminate the chalcones derivates in active and inactive classes. In addition, the variance explained by the two main components 
is represented in parentheses

Figure 2. Representation of the structure with the highest activity (M1). Discussions of structure-activity relationships for the design of a new 
compound are in the text
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DESCRIPTORS’ SELECTION
The PCA is a method that creates new variables as linear 

combinations from the originals. The components (new 
variables) are orthogonal to each other, and, therefore, 
each component accounts for a dimension of the original 
data. The PCA analysis reduces the dimensionality of 
the data set that, in general, presents many interrelated 
variables. The components are ranked in such a way that 
the PC1 accounts for the largest variance; PC2 accounts 
for the second largest variance and so on. 

Principal component analysis (PCA) was used to 
establish a relationship between quantum chemical 
descriptors and the activities of compounds against H1N1 
disease. Before starting the PCA analysis, Fisher’s weight 
analysis was performed on the descriptors to measure 
their power discrimination. Fisher’s weight is defined as 
the ratios of the square of the interclass means to the sum 
of the intraclass variances:27

Where A and B are the classes considered in the 
investigation;  represents the descriptors;  is the average 
of the descriptor in class;  is the average of the descriptor 
in class ;  is the variance of the descriptor in class  and  is 
the variance of the descriptor  in class. Descriptors with 
higher Fisher’s weights are generally important in the 
PCA analysis to discriminate compounds in active and 
inactive classes.

The hierarchical cluster analysis (HCA) is also an 
exploratory technique that examines the similarity between 
the sample in a data set. Here, the HCA technique was carried 
out using the selected descriptors by the Fisher’s weights 
and PCA, for the purposeto validate the PCA analysis. 

Results and Discussion
Table 1 shows the molecular structure and the 

nomenclature used in the calculations. The IC50 values 
were obtained from th work of Dao and collaborators.20 
The discrimination of molecules also is presented: active 
(M1 and M2) and inactive (M3-M8) classes. 

(1)

Before applying the PCA analysis, each variable was 
auto-scaled, i.e., each variable was scaled to zero mean and 
unity variance. It was necessary to compare the descriptors 
on the same scale. From the descriptors selected by Fisher’s 
weight, many PCA analyses were performed with the aim 
of always obtaining a classification with the least possible 
descriptors. The best separation was obtained considering 
three descriptors (Table 3): V, logP, and α .

Figure 1 shows the majority contributions for the 
classification into active and inactive classes. PC1 explains 
99% of the total variance of the data, and the first two 
components together explain 100% of the total variance. 

The active compounds have negative scores, and the 
inactive compounds have a positive score on the PC1 
(Figure 1). Loadings can be interpreted to show the weights 
of physicochemical properties that influence activity and 
that are important factors in understanding the behavior 
of compounds in the real world.36, 37 The PC1 loadings for 
the Volume (V), logP, and polarizability (α) descriptors 
are 0.5792, 0.5732, and 0.5797, respectively, which is 
responsible for the separation. 

Equation 2 shows the linear combination of the selected 
descriptors that are used to calculate the scores plotted in  
Figure 1. According to Figure 1, for a compound to be 
classified as active against H1N1, it must have a negative 
score. That means that a molecule will be classified as active 
when it presents a small volume, partition coefficient, and 
polarizability.

Volume and polarizability can vary expressively with 
substitution of substituents, interfering with the linkage of 
the drug-receptor system. The  is defined as the ratio of the 
concentration of a given substance between two immiscible 
solvents, i.e., 

Where [solute]octanol stands for the solute concentration 
in n-octanol and [solute]water stands for the concentration 
of the solute in water. logP From Eq. 2, the classification 
as active, requires small logP, hydrophilic compound as 
preferential structures.36

(2)

(3)
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Table 1. Molecular structure and nomenclature adopted in calculations of chalcones derivatives and their respective activities

Molecules Substituents IC50 μg/mL Activity

M1
R1=R2=R3=R5=R6=H

R4=O-CH3
5.80±0.30 Active

M2
R2=R3=R4=R5=R6=H

R1=OH 8.41±0.39 Active

M3
R1=R2=R5=H

R3=OH; R4=O-CH3

R6= 3,3-dimethyl-1-butyne
37.68±2.17 Inactive 

M4
R1=R2=R4=H
R3=R5=OH

R6=2-methyl-2-pentene
19.09±1.10 Inactive

M5
R1=R3=R6=H

R2=2-methyl-2-pentene
R4=O-CH3, R5=OH

25.87±2.03 Inactive

M6
R1=R2=R3=R5=H

R4=O-CH3

R6= 3,3-dimethyl-1-butyne
28.62±1.67 Inactive

M7
R1=R2=R4=R5=H

R3=OH
R6=2-methyl-2-pentene

51.59±2.77 Inactive

M8
R1=OH

R3=R4=R5=H
R2=R4=2-methyl-2-pentene

75.38±2.47 Inactive

The descriptors with Fisher’s weight greater than 1.0 are listed in Table 2. This method was used for a preliminary assessment of the variables with the main 
contribution of the compound classifications. The selected variables from Fisher’s weight analysis were: polarizability (α), refractibility (R), molar volume (V), 
surface area(A), atomic partial charge at 13 and 26 atoms (C13 and C26, respectively), partition coefficient (logP), and dihedral angles (D16_1_6_7, D_1_2_3_18, and 
D_9_10_15_14 ).
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Figure 3. Dendrogram obtained from HCA analysis. The active 
compounds are clustered on the left

Previous studies have shown that the presence of OH 
groups play an important role in biological activity, since 
these groups can result in strong hydrogen bonds that 
presumably interfering with the linkage of the drug-receptor 
system.38–40 On the other hand, the presence of methoxy 
groups may be associated with less activity.39 Based on 

Table 2. Fisher’s weights obtained at M06-2X/6-311++G(d,p) level 
calculation

Variáveis Peso Fisher

V 11.04

 logP 8.22

α 12.29

R 11.27

A 9.04

C13 3.40

C26 8.76

D_1_6_7_16 2.13

D_1_2_3_18  2.00

D_9_10_14_15  1.01

Table 3. Descriptors capable of classifying compounds into active 
and inactive classes and their respective values ​​calculated at the M06-
2X/6-311++G(d,p) level of theory 

Molecules V (Å3)  logP α (Å3)

M1 800.81 5.00 29.24

M2 743.74 5.07 27.4

M3 1020.87 6.66 38.86

M4 986.23 6.59 37.02

M5 1045.76 6.52 38.86

M6 1016.26 6.83 38.22

M7 973.82 6.76 36.39

M8 1201.42 8.46 45.37

this information and rationalizing the design of a drug, 
the replacement of the methoxy group by an OH group 
may be promising as a potential inhibitor for H1N1 virus 
Neuraminidase. This proposal is consistent with Eq 2 since 
the resulting compound has a lower volume, polarizability, 
and possibly more hydrophilic.

Figure 3 shows the hierarchical cluster analysis (HCA) 
carried out on the descriptors selected by PCA analysis. The 
dendrogram classifies the chalcones derivatives into two 
clusters: active (compounds 1 and 2) on the left and inactive 
cluster (compounds from 3 to 8). HCA and PCA classified 8 
chalcones compounds under study exactly in the same way.

It is not easy to infer about the drug-receptor interaction 
when the target receptor site is not known. The results 
indicate that geometrics parameters and solubility are 
essential to explain the activities of the chalcone derivatives 
against the H1N1 virus. The descriptors volume (V), 
logP, and polarizability (α) can guide us in modeling new 
compounds with activities against the H1N1 virus.

Conclusion
For demonstrative purposes Principal component 

analysis (PCA) and hierarchical cluster analysis (HCA) 
were applied on the molecular descriptor set obtained 
at M062X/6-311++(d,p) level of theory to classify eight 
chalcones derivatives into active and inactive classes against 
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the H1N1 virus. The molecular volume, polarizability, and 
LogP descriptors were able to discriminate the compounds 
into two classes: active (compounds 1 and 2) and inactive 
(compounds from 3 to 8). The PC1 alone was able to 
discriminate the compounds, and it accounts for 99% of 
the total data variance. For a compound to be classified as 
active, it must have lower volume, polarizability, and logP. 
These results indicate that smaller and more hydrophilic 
compounds as preferential more efficient in action against 
the virus and. Our results guide the design of novel 
pharmaceuticals against the H1N1 influenza virus.
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