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ABSTRACT: A quantitative Structure-Activity Relationship (QSAR) model was applied to the prediction of the activity 
of iminochromene derivatives. The inhibition activity of 34 carbonyl reductase 1 (CBR1) inhibitors were modeled with 
the descriptors of quantum-chemical calculations with density functional theory (DFT) method at B3LYP/6‒31G level. 
This study was conducted using the multiple linear regressions (MLR), the partial least square analysis (PLS) and the 
principal component analysis (PCA) method.  Results displayed that the MLR method predicted of activity good 
enough. The best model, with seven descriptors was selected.  Also it indicates very good consistency towards data 
variations for the validation methods.  The predicted values of activities are in suitable agreement with the experimental 
results. The obtained results suggested that the   PCA method could be more helpful to predict the biological activity of 
iminochromene derivatives. It is anticipated to be useful to predict the activity of other compounds in the same groups. 

KEYWORDS: Quantitative Structure-Activity; Relationship (QSAR); Iminochromene derivatives; Multiple Linear 
Regression (MLR); Partial Least Square (PLS); Density Functional Theory (DFT); Principal Component Analysis (PCA). 

1.  INTRODUCTION 

A branch of the short-chain dehydrogenase/reductase group is human carbonyl reductase 1 (CBR1) 

that decrease a variety of carbonyl compounds including therapeutic drugs [1]. CBR1 inhibitors are purposed 

to be suitable agents for adjutant therapy with twofold useful effect in prolongation the anticancer effect of the 

anthracyclines while reducing cardiotoxicity[2] . As well as, CBR1 decreases a wide variety of xenobiotic 

carbonyl alcohols, which are easier to be conjugated and omitted. Also, selective inhibitors of CBR1 may be 

helpful in clarifying the physiological functions of the enzyme and its portion to metabolism of lately 

developed carbonyl-containing drugs [3]. CBR1 is prevented by structurally various compounds, which are 

divided into natural and synthetic inhibitors. Some of synthetic inhibitors are 3-(1-tert-butyl-4-amino-1H-

pyrazolo [3,4-d]pyrimidin-3-yl)phenol (hydroxy-PP), triclosan, ethacrynic acid, indomethacin and 

zearalenone analogues [4-6]. The natural inhibitors are resveratrol [7] and flavonoids [8-9] that a molecular 

docking study of four flavonoids in CBR1 proposed their different relative positions in its active site [10]. 

Using the chosen CBR1 inhibitor as the rector compound, 8-hydroxy-2-iminochromene (1a–1q) and 8-

hydroxycoumarin (2a–2q) derivatives by displacing the pyridine moiety bound to the carboxamide of the 

chromene ring with substituted phenyl or benzyl rings have been synthesized by Hu and coworkers 11.  These 

compounds are novel and potent inhibitors that are selective to human CBR1. The structures of the compounds 

and their inhibitory activities for CBR1 are summarized in table 1 [11]. 

The QSAR methods are mathematical equations describing chemical structure to their target property 

(biological activity). These predictive models remit information that is effective for medicinal chemistry and 

drug discovery [12–14]. QSAR study on heterocyclic and aromatic sulfonamides compounds including 8-

quinoline-sulfonyl carbonic anhydrase (CA) inhibitors with topical activity as antiglaucoma agents has been 

performed topologically with first-order valence connectivity index [15]. The 3D QSAR pharmacophore 

models for aldo-keto reductase family 1 B10 were generated using Density functional theory calculations [16]. 

The 2D, 3D QSAR and molecular docking studies on receptor antagonising thiazolo[3,2-a]pyrimidines as 

antipsychotic agents have been performed using VLife MDS3.5 software [17] . 
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Table 1. Chemical structure and IC50 values of iminochromene derivatives [11]. 
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1                                                               2 

R3 Entry IC50 (μM) Entry IC50 (μM) 

Phenyl 1a 0.21 ± 0.012 2a 1.9 ± 0.16 

2-Hydroxyphenyl 1b 0.33 ± 0.025 2b 0.47 ± 0.028 

3-Hydroxyphenyl 1c 0.15 ± 0.011 2c 0.37 ± 0.030 

4-Hydroxyphenyl 1d 0.88 ± 0.045 2d 1.3 ± 0.066 

2-Fluorophenyl 1e 0.31 ± 0.037 2e 1.8 ± 0.42 

3-Fluorophenyl 1f 0.37 ± 0.045 2f 2.5 ± 0.15 

4-Fluorophenyl 1g 0.44 ± 0.086 2g 2.5 ± 0.11 

2-Chlorophenyl 1h 0.034 ± 0.0035 2h 0.26 ± 0.037 

3-Chlorophenyl 1i 0.12 ± 0.015 2i 1.5 ± 0.082 

4-Chlorophenyl 1j 0.22 ± 0.015 2j 0.45 ± 0.0082 

Benzyl 1k 0.33 ± 0.03 2k 0.92 ± 0.0091 

2-Hydroxybenzyl 1l 0.35 ± 0.026 2l 1.3 ± 0.18 

3-Hydroxybenzyl 1m 0.11 ± 0.0011 2m 1.1 ± 0.051 

4-Hydroxybenzyl 1n 0.17 ± 0.022 2n 0.82 ± 0.013 

2-Chlorobenzyl 1o 0.10 ± 0.013 2o 0.41 ± 0.019 

3-Chlorobenzyl 1p 0.090 ± 0.00064 2p 1.1 ± 0.072 

4-Chlorobenzyl 1q 0.26 ± 0.0072 2q 1.0 ± 0.0011  
 
 

Molecular docking, Comparative Molecular Field Analysis (CoMFA) and Comparative Molecular 

Similarity Indices Analysis (CoMSIA) studies were investigated on a set of 4-azasteroidal human steroid 5α-

reductase inhibitors [18]. QSAR and docking of 1, 4-Dihydropyridines as novel antitubercular agents has been 

studied [19]. Classical QSAR studies on chromene derivatives as lanosterol demethylase inhibitor have been 

performed by Vasanthanathan et al. [20]. Also, cytotoxic activity assessment and QSAR study of chromene-

based chalcones have been investigated [21].  

In the present study, QSAR analysis was investigated for on 8-hydroxy-2-iminochromene derivatives 

to organized quantitative relationship between biological activity of derivatives and their structural and 

physicochemical properties. Therefore; we suggest linear models by using chemometrics tools such as PCA, 

MLR and PLS that contain suitable descriptors for drug design. 

2. RESULTS AND DISCUSSION 

A QSAR study was performed for a series of iminochromene derivatives, for characterizing a 

quantitative relationship between structure chemical and biological activity. The table 2 shows the values of 

the calculated parameters calculated with DFT method at B3LYP 6‒31G level of the studied molecules. Also, 

some values of molecular descriptors were obtained by using HyperChem that in table 3 are listed. 
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Table 3. Values of the chemical descriptors were obtained using HyperChem software. 

Name Mass (amu) Polar Ref LogP HE( kcal/mol) Vol SurApprox 

1a 280.08 30.78 76.18 2.33 -15.23 790.65 365.84 

1b 296.08 31.42 77.88 2.05 -18.56 808.00 361.51 

1c 296.08 31.42 77.88 2.05 -21.96 812.75 380.47 

1d 296.08 31.42 77.88 2.05 -22.19 813.33 381.25 

1e 298.08 30.69 76.4 2.47 -14.51 797.24 365.29 

1f 298.07 30.69 76.4 2.47 -14.85 799.97 377.77 

1g 298.07 30.69 76.4 2.47 -14.9 800.12 378.19 

1h 314.04 32.71 80.99 2.85 -14.41 826.5 385.53 

1i 314.04 32.71 80.99 2.85 -14.79 835.73 402.67 

1j 314.04 32.71 80.99 2.85 -14.85 837.25 403.04 

1k 294.10 32.62 81.02 2.43 -14.31 848.28 399.69 

1l 310.09 33.25 82.71 2.14 -18.26 867.33 405.31 

1m 310.09 33.25 82.71 2.14 -19.92 873.32 415.82 

1n 310.09 33.25 82.71 2.14 -20.39 869.19 411.8 

1o 328.06 34.55 85.82 2.95 -12.89 888.03 430.73 

1p 328.07 34.55 85.82 2.95 -12.91 896.01 437.71 

1q 328.07 34.55 85.82 2.95 -12.86 896.91 438.6 

2a 281.07 29.93 74.13 2.16 -12.78 778.11 384.2 

2b 297.06 30.57 75.82 1.88 -16.43 796.39 378.5 

2c 297.06 30.57 75.82 1.88 -19.51 800.59 398.72 

2d 297.06 30.57 75.82 1.88 -19.73 800.64 399.56 

2e 299.04 29.84 74.34 2.30 -12.3 784.85 383.48 

2f 299.04 29.84 74.34 2.30 -12.41 787.43 396 

2g 299.04 29.84 74.34 2.30 -12.46 787.44 396.45 

2h 315.03 31.86 78.93 2.68 -12.23 815.83 404.43 

2i 315.03 31.86 78.93 2.68 -12.35 824.62 420.87 

2j 315.03 31.86 78.93 2.68 -12.41 824.66 421.3 

2k 295.08 31.77 78.96 2.26 -12.31 833.65 417.57 

2l 311.08 32.41 80.65 1.97 -16.99 854.49 420.87 

2m 311.08 32.41 80.65 1.97 -18.64 859.83 431.25 

2n 311.08 32.41 80.65 1.97 -18.83 860.20 432.4 

2o 329.04 33.70 83.77 2.77 -11.62 873.42 446.23 

2p 329.045 33.70 83.77 2.77 -11.61 882.96 453.26 

2q 329.0454 33.7 83.77 2.77 -11.69 879.77 449.37 

 

2.1. Multiple Linear Regressions (MLR)  

The multiple linear regression statistic method is used to study the relation between one dependent 

variable and several independent variables. Also, minimizes differences between experimental and predicted 

values. The MLR was acquired using the software SPSS to predict activities pIC50. The Linear Regression 

method related to a larger family of models called generalized linear models.  

The choice of the training set is one of the most significant stages in the QSAR modeling, since the 

confirmation and optimization of a QSAR model are based on this training set. Applicability and predictability 

of a QSAR model also relay on the training set selection. The data set (n = 34) was divided casually into two 

groups: train set (n = 24) and test set (n = 10).  The Pearson correlation coefficients are listed in the following 

table 4. The correlation coefficient (R2) matrix for the descriptors used in different MLR equations shows that  

no significant correlation exists between pairs of descriptors. The acquired matrix gives  information on the 

positive or negative correlation between variables. 
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Table 4. Correlation coefficient (R2) matrix for descriptors represented in multiple linear regression eq. 1. 

SurApprox HE DM ZPE µ η Polar  

      1 Polar 

     1 0.627 η 

    1 0.611 0.154 µ 

   1 0.402 0.479 0.671 ZPE 

  1 -0.261 -0.548 -0.094 0.133 DM 

 1 0.602 -0.438 -0.610 0.039 0.021 HE 

1 0.293 0.606 0.391 -0.242 0.394 0.742 SurApprox 

 
 

Modeling of pIC50 values of all training iminochromene derivatives take away to the best value 
corresponding to the linear combination of the descriptors the resulting equation is: 

 pIC50= - 9.133- 22.630×µ + 22.378×η + 0.066×DM - 8.045×ZPE - 0.030×SurApprox + 0.536×Polar - 0.079×HE          (Eq. 1) 

 
We used the pIC50 of the iminochromene derivatives as the dependant variable, equation 1 was resulted 

from the total of calculated descriptors. This model with acceptable statistical quality (R2 = 0.836, SE = 0.215) 
indicated that the inhibitory activity of compounds is influenced by topological parameters (surface area), 
ZPE, HE and electronic chemical potential values as representative of quantum chemical descriptors. The 
positive relation of activity and “dipole moment, hardness, polarizibility” displays that increasing of these 
descriptors cases increasing inhibitory activity of compounds. The obtained descriptors demonstrating the 
electronic characteristic of the studied molecules listed on table 5. pIC50 predicted of iminochromene 
derivatives by this model is partly like that observed. Values of pIC50 predicted in table 6 are listed.  Also, Fig. 
1 displays a very orderly distribution of pIC50values based on the observed values. The leave‒one‒out (LOO) 
approach was applied to carry out the cross-validated analysis. Q2(cross‒validated coefficient) is computed 
using the following equation [22-23]:  

Q2 = 1 −
∑(yi−yipred)2

∑(yi−yimean)2                                                                                                 (Eq. 2)         

                                        
Where yi is the ith experimental pIC50value, yipred is the ith predicted pIC50 and ymean is the mean of the 
experimental pIC50. The accuracy of the model was mostly estimated by Root Mean Square Error (RMSE) that 
calculated using the following equation: 

RMSE = √
yi−yipred

n
                                                                                                       (Eq. 3)                             

Where n = number of compounds, yi = experimental value, yipred = predicted value [24, 25]. The RMSE and Q2 
of the calibration using MLR method were obtained as 0.207 and 0.835, respectively. For suitable anticipation 
model the RMSE values should be low <0.3 and Q2 is used as a criterion of both validity and predictive ability 
of the model. 

Table 5. The statistical parameters of different created QSAR models. 

RMSE Q2 SE R2 R Method 

Train Train Test Train Test Train Test Train 

0.207 0.835 0.146 0.215 0.734 0.836 0.857 0.914 MLR 

0.199 0.846 0.115 0.205 0.835 0.851 0.914 0.923 PLS 

0.155 0.908 0.153 0.161 0.710 0.908 0.843 0.953 PCA 
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Table 6.   The predicted activity (by  MLR, PLS and PCA) for pIC50 of iminochromene derivatives. 

Name AME MLR PLS PCA Name AME MLR PLS PCA 

1a 0.56 0.485 0.5392 2a -0.28 -0.211 -0.116 

1b* 1.04 0.853 1.0013 2b 0.15 0.058 0.1945 

1c 0.84 0.843 0.9812 2c 0.03 0.184 0.2697 

1d 0.63 0.551 0.2354 2d* -0.17 -0.073 -0.4931 

1e* 0.64 0.415 0.3773 2e -0.1 -0.118 -0.2241 

1f 0.49 0.334 0.1944 2f -0.28 -0.265 -0.3964 

1g* 0.41 0.235 -0.01 2g -0.4 -0.400 -0.4038 

1h 1.21 1.248 1.4088 2h* 0.44 0.621 0.7295 

1i 0.92 0.807 0.9226 2i 0.15 0.170 0.2931 

1j 0.89 0.703 0.6739 2j 0.06 0.019 0.0592 

1k 0.62 0.590 0.6093 2k* -0.04 0.063 0.1928 

1l* 0.81 0.639 1.0201 2l -0.05 -0.192 -0.0778 

1m 0.76 0.692 0.9535 2m -0.1 -0.129 -0.1062 

1n 0.83 0.682 0.7777 2n* -0.12 0.043 -0.1042 

1o 1.07 1.000 1.0407 2o 0.36 0.448 0.303 

1p 0.89 0.866 0.8962 2p 0.18 0.202 0.0552 

1q* 0.81 0.714 0.8282 2q* 0.22 -0.015 -0.0793 

*  test set 

 
To assess the predictive ability, predictions for all the test objects should be assessed independently of 

test set composition which can be random or dependent upon the size and distribution of the new data. 
Validation of models by means of objects whose data have not taken part in the process of model expansion 
is generally introduced to as external validation. Two different phrases for calculation of external validation 
Q2, that is, Q2 based on predictions for external test compounds, were evaluated [26,27]. These expressions 
are: 

QF1
2 = 1 −

∑ (yi−ŷi)2nEXT
i=1

∑ (yi−y̅TR)2nEXT
i=1

         (Eq. 4) 

 

QF2
2 = 1 −

∑ (yi−ŷi)2nEXT
i=1

∑ (yi−y̅EXT)2nEXT
i=1

         (Eq. 5) 

 
Where y̅TR and y̅EXT indicate the response means of the training set and the external test set, respectively. Also, 
the external predictive ability can be calculated as the following definition [28]: 
 

QF3
2 = 1 −

[∑ (yi−ŷi)2nEXT
i=1

]/nEXT

[∑ (yi−y̅TR)2]
nEXT
i=1

/nTR
         (Eq. 6) 

 
Values from function QF1

2 , QF2
2 , and QF3

2 , R2 values and root-mean-square error over the external evaluation 
set (RMSE) for eight data sets are listed in Table 7.  
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Table 7. Model fit estimates(external validation) for iminochromene derivatives data sets. 

Data set R2 QF1
2  QF2

2  QF3
2  RMSE 

1 0.836 0. 110 0.022 0.758 0.251 
2 0.798 0.628 0.620 0.815 0.210 
3 0.799 0.727 0.726 0.696 0.245 
4 0.817 0.292 0.241 0.538 0.324 
5 0.817 0.643 0.643 0.786 0.222 
6 0.808 -1.205 -1.632 -0.618 0.601 
7 0.869 -1.269 -1.270 0.449 0.379 
8 0.871 -0.966 -0.978 0.587 0.331 

All the three functions QF1
2 , QF2

2 , and QF3
2  in data sets of 2, 3 and 5 give suitable approximations of the 

model fit when test objects are identically distributed and cover the whole range of the training set. Also, 2 

data set has the smallest RMSE which corresponds to the largest value of QF3
2 ( RMSE=0.210 and QF3

2 =0.815). 

2.2. Partial Least Square analysis (PLS)  

PLS technique is a generalization of regression, which can apply data with forcefully correlated and ⁄ or 
numerous independent variables. The linear PLS model detects new variables that are linear combination of 
the principal variables. To eschewing over fitting, a formidable test for the significance of each successive PLS 
component is essential and then pausing when the components are non-significant. The PLS have two 
purposes: to estimate the matrix X of molecular structure descriptors to the matrix Y of dependent variables 
and to maximize the relationship between them [29]. We presented the data matrix organized clearly from the 
descriptors offered by MLR corresponding to the molecules, to the PLS. This method used the coefficients R, 
R2, and the SE values to chose the best regression performance. 

The obtained parameters explaining the electronic aspect of the investigated molecules listed on Table 
5. The resulted predictions of the pIC50 using PLS method in gas phase was given in table 6.  pIC50 predicted 
of iminochromene derivatives by  PLS method  is little similar to that observed.  Figure 1 shows a normal 
distribution of pIC50values based on the observed values. The resulted parameters describing the electronic 
aspect of the studied molecules are: R2=0.851 and RMSE= 0.155. Cross-validation is a practical and validity 
method for testing the significance. PLS is usually used in merging with cross-validation to gain the optimum 
number of components. 

2.3. Principal Components Analysis (PCA)  

The PCA is a helpful statistical technique for summing up all the information coded in the structures of 
compounds and very useful for identifying the link between the different variables [30].  The molecules of 8-
hydroxy-2-iminochromene derivatives were studied by statistical method based on the PCA. The obtained 
parameters from PCA analysis of the studied molecules are listed on Table 5. The resulted predictions of the 
pIC50 using PCA method in gas phase were given in Table 6. Values of pIC50 predicted of iminochromene 
derivatives by PCA method is almost similar to that observed. Figure1 shows a very adequate distribution of 
pIC50values based on the observed values. The obtained parameters defining the electronic aspect of the 
studied molecules are: R2=0.908 and RMSE= 0.155. It corroborates that the PCA results were the best to creating 
the quantitative structure activity relationship models. 

3. CONCLUSION 

In this work, we have studied the QSAR models to predict the activity of iminochromene derivatives. 
The study of the MLR, PCR and PLS models show that the PCR method has substantially better predictive 
capability than the other methods. With considering the error, the prediction of the pIC50 values was quite 
satisfactory and the performance of the QSAR model to predict pIC50value was also calculated using the 
internal cross-validation method. The sanity of the three created models used in this study has good 
consistency and great predictive power. By defining the molecular descriptors in the regression model, we 
finalize that the decreased surface area, HE, ZPE and electronic chemical potential as well as the increased 
magnitude of dipole moment, hardness and polarizibility are reliable for the larger activity of the investigated 
compounds. Eventually, the accuracy and predictability of the suggested models were demonstrated by 
evaluating essential statistical indexs such, as Q2, R2 and RMSE of different models using different statistical 
models and descriptors, as shown in Table 5. 
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Figure 1. Correlation of predicted vs. experimental pIC50 

4. MATERIALS AND METHODS  

The inhibitory activity of 8-hydroxy-2-iminochromene derivatives was used. The chemical structures 
and biological activity of these compounds are listed in Table 1. The specific CBR activities of these compounds 
were expressed as the effective concentration, which causes the half maximal inhibitory concentration(IC50) 
and then used for QSAR analysis as dependent variables [11]. A complete geometry optimization was carried 
out with GAUSSIAN 03 program [31] taking the most general conformations as outset geometries. Density 
functional theory (DFT) calculations [32] of the structures were performed in B3LYP/6-31G level [33]. The 
molecular descriptors were obtained using HyperChem and GAUSSIAN Packages. Some of quantum 
chemical descriptors including dipole moment (DM), lowest unoccupied molecular orbital (LUMO) and 

highest occupied molecular orbital (HOMO) energies, hardness (η), softness (),entropy(ΔS) , enthalpy(ΔH), 

Gibbs free energy(ΔG), thermal energy( ET), zero point energy (ZPE), hardness (𝜂 =
1

2(𝐸𝐿𝑈𝑀𝑂−𝐸𝐻𝑂𝑀𝑂
) , electronic 

chemical potential(𝜇 = 1
2⁄ (𝐸𝐻𝑂𝑀𝑂 + 𝐸𝐿𝑈𝑀𝑂), global electrophilicity index (𝜔 =

𝜇2

2𝜂
) and mass [34]. Some 

chemical parameters including molecular volume (Vol), molecular surface area (Sur), hydrophobicity (logP), 
polarizability, refractivity (Ref) and hydration energy (HE) were calculated using Hyperchem software. 

For each compound in the training sets, the correlation equation was obtained with the same 
descriptors. Then, the obtained equation was used to predict pIC50 values for the compounds from the 
corresponding test sets. Totally, 22 descriptors were created. Two programs including SPSS and Minitab were 
used for MLR, PCA and PLS. 
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