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ABSTRACT 
 
A theoretical analysis of the relationships between electronic structure and the inhibition of ROCK2 and PKA 
kinases was carried out for a series of urea-based derivatives. The Klopman-Peradejordi-Gómez formal method was 
used. The local atomic reactivity indices were obtained at the B3LYP/6-31G(d,p) level after full geometry 
optimization. Statistically significant equations relating several local atomic reactivity indices with both inhibitory 
activities were obtained. From the results, the corresponding partial 2D pharmacophores were built. 
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INTRODUCTION 
 

During the search of molecular systems having interesting biological activities to be studied with the Klopman-
Peradejordi-Gómez (KPG) method, we found a series of urea-based derivatives having the ability to inhibit ROCK2 
and PKA protein kinases [1]. ROCK2 or rho associated coiled-coil containing protein kinase 2, is a protein 
regulating the activation of the c-fos serum response element cytokinesis, smooth muscle contraction and the 
formation of actin stress fibers and focal adhesions [2-7]. Two isoforms, ROCK1 and ROCK2, are known. PKA, 
cAMP-dependent protein kinase or protein kinase A has numerous functions in the cell, including regulation of lipid 
metabolism, glycogen and sugar. Many molecular systems inhibiting one or both kinases have been synthesized and 
tested [1, 8-26]. Here we present the results of a search for relationships between the electronic structure of this 
series of urea-based molecules and the abovementioned inhibitory activities. 
 

MATERIALS AND METHODS 
 

The method employed here to obtain relationships between the electronic structure and biological activity is the only 
member of the formal methods class [27-29]. It is essentially based on the statistical-mechanical definition of the 
equilibrium constant and Klopman’s formula for the interaction energy between two molecular systems (∆E) [30, 
31]. The first version of this model was employed by Peradejordi et al., Tomás and Aulló and J.S. G.-J. [30, 32-38]. 
It provided very good results for several different kinds of molecules and receptors. During the 1980 decade the 
interaction energy expression was expanded to include the contribution of single molecular orbitals [39]. During 
year 2002 the conceptual basis for calculating the orientational parameter of the substituents was presented [40]. The 
last theoretical advance was completed during year 2012 when new local atomic reactivity indices were obtained 
from the ∆E expression [41]. Also, during year 2012 a breakthrough was accomplished when it was shown that the 
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method can be applied fruitfully to any biological activity [42]. From this moment the application of the Klopman-
Peradejordi-Gómez method (KPG) to very different molecules and biological activities produced surprisingly good 
results [43-52] (and references therein). Considering that the formula has been presented and explained in detail in 
many publications, we shall discuss here only the resulting equations. 
 
Selection of molecules and biological activities 
The selected molecules are a group of urea-based molecules were selected from a recent study [1]. Their general 
formula and inhibitory activities are displayed, respectively, in Fig. 1 and Table 2. 
 

N

O

N

N

NH

3
6

1
2

4
5

R8 H24

16

15

17

A

B

C

R18

R2

R1

R6

R21

R5

R4

8

18

21

 
 

Figure 1. General formula of urea-based molecules 
 

Table 1. Urea-based derivatives and biological activities [1]. 
 

Mol. R1 R2 R4 R5 R6 R8 R18 R21 log(IC50) 
ROCK2 

log(IC50) 
PKA 

1 H OMe H H H H H H 1.42 2.82 
2 H H H H OMe H H H 3.44 --- 
3 OMe H H H H H H H 1.52 3.42 
4 NH2 H H H H H H H 0.48 2.61 
5 Cl H H H H H H H 1.23 2.66 
6 F H H H H H H H 0.48 2.51 
7 OMe H H H H H H Me 0.30 2.91 
8 OMe H H H H H N(Me)2 H --- 1.58 
9 OMe H H H H H OMe H --- 2.21 
10 OMe H H H H H Cl H --- 2.50 
11 OMe H H H H H F H --- 3.26 
12 OMe H H H H H O(CH2)2N(Me)2 H --- 3.59 
13 OMe H H H H H O(CH2)2N(CH2)4 H --- 3.44 
14 OMe H H H H H N(Me) (CH2)2N(Me)2 H --- 3.55 
15 OMe H H H H Me O(CH2)2N(Me)2 H --- 3.72 
16 OMe H H H H Me N(Me) (CH2)2N(Me)2 H 0.90 3.66 
17 OMe H H H H H H H 0.30 2.95 
18 OMe OMe H H H H H H 2.40 --- 
19 H OMe H H OMe H H H 2.52 4.05 
20 H OMe H OMe H H H H 2.76 --- 
21 H OMe OMe H H H H H 2.97 4.13 
22 OMe H H H OMe H H H 2.63 --- 
23 OMe H H OMe H H H H 2.45 --- 
24 F H H H OMe H H H 2.55 2.71 
25 OMe H H H H Me H H 0.0 3.26 

 
Calculations 
The electronic structure of all molecules was calculated within the Density Functional Theory (DFT) at the 
B3LYP/6-31g(d,p) level with full geometry optimization. The Gaussian suite of programs was used [53]. All the 
information needed to calculate numerical values for the local atomic reactivity indices was obtained from the 
Gaussian results with the D-Cent-QSAR software [54]. All the electron populations smaller than or equal to 0.01 e 
were considered as zero [41]. Negative electron populations coming from Mulliken Population Analysis were 
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corrected as usual [55]. Since the resolution of the system of linear equations is not possible because we have not 
enough molecules, we made use of Linear Multiple Regression Analysis (LMRA) techniques to find the best 
solution. For each case, a matrix containing the dependent variable (the inhibitory activity of each case) and the 
local atomic reactivity indices of all atoms of the common skeleton as independent variables was built. The 
Statistica software was used for LMRA [56]. We worked with the common skeleton hypothesis stating that there is a 
definite collection of atoms, common to all molecules analyzed, that accounts for nearly all the biological activity. 
The action of the substituents consists in modifying the electronic structure of the common skeleton and influencing 
the right alignment of the drug throughout the orientational parameters. It is hypothesized that different parts or this 
common skeleton accounts for almost all the interactions leading to the expression of a given biological activity. 
The common skeleton for the urea-based derivatives is shown in Fig. 2. 
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Figure 2. Common skeleton of urea-based molecules 
 

RESULTS 
 

Results for PKA inhibition 
No statistically significant equation was obtained for n=20. As no outlier were found, we extracted the highest 
log(IC50) value from the set and searched for a statistically significant equation. This procedure was followed until 
obtaining the following equation: 
 

( ) ( ) ( )
( )

N
50 10 17 24

19 9

log( ) 4.53 2.90F LUMO 2 * 2.15F HOMO 2 * 0.05S LUMO*

9.78F LUMO 1 * 0.14

IC

µ
= − + − − − −

− + +
(1) 

 
with n=17, R=0.96, R2=0.93, adj-R2=0.90, F(5,11)=29.48 (p<0.00001) and SD=0.18. No outliers were detected and 
no residuals fall outside the ±2σ limits. Here, F10(LUMO+2)* is the Fukui index of the third lowest vacant MO 
localized on atom 10, F17(HOMO-2)* is the Fukui index of the third highest occupied MO localized on atom 17, 
S24

N(LUMO)* is the nucleophilic superdelocalizability of the lowest vacant MO localized on atom 24, 
F19(LUMO+1)* is the Fukui index of the second lowest vacant MO localized on atom 19 and µ9 is the local 
electronic chemical potential of atom 9. Tables 2 and 3 show the beta coefficients, the results of the t-test for 
significance of coefficients and the matrix of squared correlation coefficients for the variables of Eq. 1. There are no 
significant internal correlations between independent variables (Table 3). Figure 3 displays the plot of observed vs. 
calculated log(IC50). 

 
Table 2. Beta coefficients and t-test for significance of coefficients in Eq. 1 

 

Var. Beta B t(11) p-level 

F10(LUMO+2)* -0.95 -2.90 -8.10 <0.000006 

F17(HOMO-2)* -0.56 -2.15 -4.73 <0.0006 

S24
N(LUMO)*  -0.51 -0.05 -5.27 <0.0003 

F19(LUMO+1)* -0.35 -9.78 -4.27 <0.001 

µ9 0.26 0.14 2.55 <0.03 
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Table 3. Matrix of squared correlation coefficients for the variables in Eq. 1 
 

 
F10(LUMO+2)* F17(HOMO-2)* S24

N(LUMO)*  F19(LUMO+1)* 

F10(LUMO+2)* 1.00    

F17(HOMO-2)* 0.18 1.00   

S24
N(LUMO)*  0.07 0.11 1.00  

F19(LUMO+1)* 0.00 0.03 0.01 1.00 

µ9 0.11 0.00 0.06 0.02 
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Figure 3. Plot of predicted vs. observed log(IC50) values (Eq. 1). Dashed lines denote the 95% confidence interval. 
The associated statistical parameters of Eq. 1 indicate that this equation is statistically significant and that the 
variation of the numerical values of a group of five local atomic reactivity indices of atoms of the common skeleton 
explains about 90% of the variation of log(IC50) in this group of urea-based derivatives. Figure 3, spanning about 2.2 
orders of magnitude, shows that there is a good correlation of observed versus calculated values and that almost all 
points are inside the 95% confidence interval. This can be considered as an indirect evidence that the common 
skeleton hypothesis works relatively well for this set of molecules. A very important point to stress is the following. 
When a local atomic reactivity index of an inner occupied MO (i.e., HOMO-1 and/or HOMO-2) or of a higher 
vacant MO (LUMO+1 and/or LUMO+2) appears in any equation, this means that the remaining of the upper 
occupied MOs (for example, if HOMO-2 appears, upper means HOMO-1 and HOMO) or the remaining of the 
empty MOs (for example, if LUMO+1 appears, lower means the LUMO) contribute to the interaction. Their absence 
in the equation only means that the variation of their numerical values does not account for the variation of the 
numerical value of the biological property. 
 
Results for ROCK2 inhibition 
The best equation obtained was: 

( ) ( )
( ) ( )

50 3 19

N
13 17

log( ) 4.48 4.04F LUMO * 23.91F LUMO *

0.02S LUMO * 0.003S LUMO 2 *N

IC = − − −

− + +
   (2) 

 
with n=17, R=0.99, R2=0.98, adj-R2=0.98, F(4,12)=179.99 (p<0.000001) and SD=0.16. No outliers were detected 
and no residuals fall outside the ±2σ limits. Here, F3(LUMO)* is the Fukui index of the lowest vacant MO localized 
on atom 3, F19(LUMO)* is the Fukui index of the lowest vacant MO localized on atom 19, S13

N(LUMO)* is the 
nucleophilic superdelocalizability of the lowest vacant MO localized on atom 13 and S17

N(LUMO+2)* is the 
nucleophilic superdelocalizability of the third lowest vacant MO localized on atom 17. Tables 4 and 5 show the beta 
coefficients, the results of the t-test for significance of coefficients and the matrix of squared correlation coefficients 



Juan S. Gómez-Jeria et al Der Pharma Chemica, 2016, 8 (11):1-11 
_____________________________________________________________________________ 

5 

for the variables of Eq. 2. There are no significant internal correlations between independent variables (Table 5). 
Figure 4 displays the plot of observed vs. calculated log(IC50). 
 

Table 4. Beta coefficients and t-test for significance of coefficients in Eq. 2 
 

Var. Beta t(12) p-level 

F3(LUMO)* -0.72 -19.17 <0.000001 

F19(LUMO)* -0.59 -15.58 <0.000001 

S13
N(LUMO)* -0.29 -7.64 <0.000006 

S17
N(LUMO+2)* 0.25 6.55 <0.00003 

 
Table 5. Matrix of squared correlation coefficients for the variables in Eq. 2 

 

 
F3(LUMO)*  F19(LUMO)*  S13

N(LUMO)*  

F3(LUMO)*  1.00   

F19(LUMO)*  0.003 1.00  

S13
N(LUMO)*  0.01 0.04 1.00 

S17
N(LUMO+2)* 0.01 0.01 0.02 
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Figure 4. Plot of predicted vs. observed log(IC50) values (Eq. 2). Dashed lines denote the 95% confidence interval. 
The associated statistical parameters of Eq. 2 indicate that this equation is statistically significant and that the 
variation of the numerical values of a group of four local atomic reactivity indices of atoms of the common skeleton 
explains about 98% of the variation of log(IC50) in this group of urea-based derivatives. Figure 4, spanning about 3 
orders of magnitude, shows that there is a good correlation of observed versus calculated values and that almost all 
points are inside the 95% confidence interval. This can be considered as an indirect evidence that the common 
skeleton hypothesis works relatively well for this set of molecules. 
 
Local Molecular Orbitals 
Tables 6 to 8 shows the local MO structure of atoms 3, 9, 10, 13, 17, 19 and 24 (see Fig. 2). Nomenclature: 
Molecule (HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)*. 
 

 
 
 
 
 
 
 



Juan S. Gómez-Jeria et al Der Pharma Chemica, 2016, 8 (11):1-11 
_____________________________________________________________________________ 

6 

Table 6. Local molecular orbital structure of atoms 3, 9 and 10 
 

Mol. Atom 3 (C) Atom 9 (H or C) Atom 10 (C) 
1 (85) 80π83π84π-86π88π91σ 62σ65σ67σ-94σ95σ97σ 83σ84σ85π-86σ87π90π 
2 (85) 82σ83σ84π-86σ87π88π 60σ65σ67σ-91σ92σ93σ 83σ84σ85σ-87π88σ90π 
3 (81) 78π79π80π-82π83π84π 64σ65σ75σ-83σ87σ89σ 77σ79σ80σ-82σ83σ87σ 
4  (81) 78σ79π81π-83π84π85π 63σ64σ68σ-83σ85σ87σ 78π79σ80σ-82π87π88π 
5 (85) 82π83π84π-86π87π91σ 63σ64σ71σ-91σ92σ93σ 83π84σ85σ-88π92π93π 
6  (81) 74π75π80π-82π83π87σ 60σ64σ68σ-87σ91σ92σ 79π80σ81σ-84π88π89π 
7  (89) 83π87π88π-90π91π93π 70σ75σ86σ-95σ97σ99σ 86σ87σ89π-90π91π92π 
8 (97) 93π94π95π-98π99π101π 67σ77σ78σ-103σ105σ106σ 92σ93σ94σ-98π103σ106π 
9 (93) 88π89π92π-94π95π96π 68σ70σ76σ-101σ102σ104σ 91π92σ93σ-94π95σ99π 
10 (93) 89π90π91π-94π95π96π 66σ71σ74σ-99σ103σ104σ 88π90π92σ-94π98π99σ 
11 (89) 84π86π88π-90π91π93π 71σ76σ87σ-95σ96σ99σ 84π86π87σ-90π94π96σ 
12 (109) 104π106π107π-110π111π112π 76σ80σ89σ-117σ118σ120σ 106σ107σ108σ-110σ111σ115π 
13 (116) 80π83π84π- 86π88π91σ 76σ86σ93σ-124σ125σ128σ 113σ114σ115σ-118σ122π124σ 
14 (113) 82σ83σ84π-86σ87π88π 90σ105σ109σ-119σ120σ121σ 83σ84σ85π-86σ87π90π 
15  (113) 78π79π80π-82π83π84π 108σ109σ111σ -122σ123σ126σ 83σ84σ85σ-87π88σ90π 
16 (117) 78σ79π81π-83π84π85π 102σ112σ113σ-124σ127σ129σ 77σ79σ80σ-82σ83σ87σ 
17 (85) 82π83π84π-86π87π89π 61σ64σ68σ-93σ94σ95σ 78π79σ80σ-82π87π88π 
18 (93) 88π89π92π-94π95π96σ 62σ69σ74σ-99σ101σ102σ 83π84σ85σ-88π92π93π 
19 (93) 89π91π92π-95π96π97π 74σ76σ91σ-97σ99σ102σ 79π80σ81σ-84π88π89π 
20 (93) 91π92π93π-94π95π97π 75σ77σ90σ-99σ101σ102σ 86σ87σ89π-90π91π92π 
21 (93) 88π89π92π-94π95π97σ 64σ69σ74σ-99σ101σ102σ 92σ93σ94σ-98π103σ106π 
22 (93) 89π91π92π-94π95π97π 73σ77σ90σ-99σ100σ103σ 90σ91σ93σ-94π98π100σ 
23 (93) 89π91π92π-94π95π96π 68σ70σ74σ-101σ102σ103σ 90σ91σ93σ-94π95σ99π 
24 (89) 85π86π88π-90π91π92π 66σ69σ70σ-95σ99σ100σ 87σ88σ89σ- 91σ92σ96π 
25 (89) 84π87π88π-90π91π93π 82σ86σ88σ-99σ104σ106σ 80π86σ88σ-91π94π95σ 

 
Table 7. Local molecular orbital structure of atoms 13, 17 and 19 

 
Mol. Atom 13 (C) Atom 17 (C) Atom 19 (C) 
1 (85) 76π81π85π-87π88π89π 83π84π85π-87π89π90π 79π81π85π-87π90π92π 
2 (85) 78π79π85π-87π88π89π 82π83π85π-87π88π89π 82π83π85π-87π90π91π 
3 (81) 72π76σ81π-82π83π85π 78π80π81π-82π83π85π 76π77π81π-82π83π86π 
4  (81) 72π75σ80π-82π84π86π 77π79π80π-82π84π85π 75π79π80π-82π86σ90π 
5 (85) 76π80σ85π-86π88π89π 82π84π85π-88π89π90π 83π84π85π-88π90π93π 
6  (81) 72π77σ81π-84π85π86π 79π80π81π-84π85π86π 77π79π81π-84π86π88π 
7  (89) 82π83π89π-90π91π92π 85π87π89π-91π92π96π 84π85π89π-91π94π96π 
8 (97) 92σ96π97π-98π99π100π 92π96π97π-98π99π100π 92π96π97π-98π102π103π 
9 (93) 84π88σ93π-94π95π97π 91π92π93π-94π95π97π 90π91π93π-94π95π97π 
10 (93) 86π89π93π-94π95σ96π 89π90π93π-94π95π96π 89π90π93π-94π96π98π 
11 (89) 82π85π89π-90π91π92π 83π85π89π-90π91π92π 85π86π89π-90π91π94π 
12 (109) 99π103π108π-110π111π113π 105π106π107π-111π113π114π 106π107π108π-111π113π114π 
13 (116) 110π115π116π-117π118π120π 114π115π116π-117π118π120π 112π113π115π-118π120π121π 
14 (113) 111π112π113π-114π116π118π 111π112σ113π-114π116π118π 107π111π112π-114π118π119π 
15  (113) 76π81π85π-87π88π89π 83π84π85π-87π89π90π 107π110π112π-114π117π118π 
16 (117) 78π79π85π-87π88π89π 82π83π85π-87π88π89π 79π81π85π-87π90π92π 
17 (85) 72π76σ81π-82π83π85π 78π80π81π-82π83π85π 82π83π85π-87π90π91π 
18 (93) 83π87σ93π-94π95π96π 77π79π80π-82π84π85π 76π77π81π-82π83π86π 
19 (93) 84π87σ93π-94π95π96π 89π91π93π-94π95π96π 75π79π80π-82π86σ90π 
20 (93) 86π92π93π-94π95π96π 91π92π93π-94π96π97π 83π84π85π-88π90π93π 
21 (93) 84π87σ93π-94π95π96π 89π92π93π-94π95π96π 77π79π81π-84π86π88π 
22 (93) 84π86π93π-94π95π96π 88π89π93π-94π96π98π 87π88π93π-94π95π96π 
23 (93) 84π87σ93π-94π96π98π 90π91π93π-94π96π98π 87π90π93π-94π98π99π 
24 (89) 80π84σ89π-91π92π93π 86π88π89π-91π92π93π 84π87π89π-91π92π94π 
25 (89) 80π85π89π-90π91π92π 83π85π89π-91π92π94π 83π84π89π-91π94π96π 
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Table 8. Local molecular orbital structure of atom 24 
 

Mol. Atom 24 (H)  Mol. Atom 24 (H ) 
1 (85) 67σ71σ8 σ-91σ92σ97σ  14 (113) 95σ102σ109σ-114σ118σ119σ 
2 (85) 56σ65σ66σ-86σ87σ88σ  15  (113) 94σ103σ108σ-114σ116σ119σ 
3 (81) 67σ72σ80σ-82σ83σ85σ  16 (117) 98σ106σ112σ-118σ123σ125σ 
4  (81) 67σ72σ79σ-82σ84σ85σ  17 (85) 71σ76σ83σ-86σ87σ90σ 
5 (85) 72σ76σ84σ-86σ87σ89σ  18 (93) 78σ83σ92σ-94σ95σ98σ 
6  (81) 69σ72σ80σ-84σ85σ87σ  19 (93) 74σ77σ84σ-94σ98σ99σ 
7  (89) 70σ76σ86σ-95σ99σ103σ  20 (93) 75σ78σ90σ-99σ101σ102σ 
8 (97) 82σ87σ94σ-98σ100σ103σ  21 (93) 78σ84σ92σ-94σ96σ99σ 
9 (93) 76σ77σ84σ-94σ99σ100σ  22 (93) 75σ78σ90σ-99σ103σ106σ 
10 (93) 60σ74σ92σ-99σ100σ102σ  23 (93) 78σ84σ91σ-94σ96σ99σ 
11 (89) 71σ74σ87σ-95σ96σ98σ  24 (89) 75σ80σ88σ-91σ93σ96σ 
12 (109) 89σ91σ99σ-111σ117σ118σ  25 (89) 72σ75σ86σ-95σ98σ99σ 
13 (116) 93σ94σ106σ-117σ118σ122σ    

 
DISCUSSION 

 
Discussion of PKA inhibition 
Table 2 shows that the importance of variables in Eq. 1 is F10(LUMO+2)*>> F17(HOMO-2)*> S24

N(LUMO)*> 
F19(LUMO+1)*> µ9. A high PKA inhibition is associated with large values for F10(LUMO+2)*, F17(HOMO-2)* and 
F19(LUMO+1)*. If S24

N(LUMO)* is positive, a high inhibitory activity is associated with large numerical values for 
this index. Since µ9 is negative, a high inhibitory activity is associated with large (negative) values for this local 
reactivity index. Atom 10 is the carbon atom of the C10=O11 moiety in the chain linking rings A and B (Fig. 2). A 
high value for F10(LUMO+2)* suggests that this atom is interacting with an occupied MO. Table 6 shows that 
(LUMO+2)10

* has, at the level of the approximations used in the model, σ or π natures. Therefore, the best condition 
for an optimal inhibitory activity is that the three lowest vacant MOs have a π nature. Atom 17 is a carbon atom in 
ring B (Fig. 2). A high value for F17(HOMO-2)* suggests that this atom is interacting with a vacant MO. Table 7 
shows that the three highest occupied local MOs have a π nature in all molecules, reinforcing the idea that an 
optimal inhibitory activity seems to be associated with the interaction of these three MOs with one or more vacant 
MOs. Atom 24 is the atom attached to N-12 in the chain linking rings A and B (Fig. 2). (LUMO)24

*  is a σ MO 
(Table 8). Large positive values for S24

N(LUMO)* are obtained by shifting downwards the associated eigenvalue, 
making this MO more reactive. This suggests that atom 24 is acting as an electron-acceptor. Considering that this 
atom is hydrogen or carbon we could be in presence of an H-bond in the case of H atom. The exact role of a C atom 
is not clear, but it could be involved in a C-H…C interaction. Atom 19 is a carbon atom in ring C (Fig. 2). A high 
inhibitory activity is associated with large values for F19(LUMO+1)*. As almost all the first two lowest vacant MOs 
have a π nature (Table 7), we suggest that atom 19 in interacting with an electron-rich center. Atom 9 is the atom 
bonded to N-8 in the chain linking rings A and B (H or C, Fig. 2). All MOs have a σ nature (Table 6). A high 
inhibitory activity is associated with large (negative) values for µ9. This index corresponds to the midpoint of the 
(HOMO)19

*  and (LUMO)19
* energies. These two MOs have a π nature. From a strict theoretical point of view, there 

are three ways to obtain more negative values for µ are shown in Fig. 5. 
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Figure 5. Modification of the value of the local atomic electronic chemical potential. H stands for HOMO and L for LUMO, black dots 

denote the local µ position and value. Arrows indicate what eigenvalue was shifted downwards 
 
In this figure A denotes the original case: local µ is located at -0.5 eV. In case B we have shifted downwards the 
LUMO energy and µ has now a value of -1 eV. In case C the HOMO energy was shifted downwards and µ has a 
value of -1.5. In case D we shifted downwards simultaneously the energy of both local frontier MOs and the µ value 
moves to -2 eV. Note that in the last case the magnitude of both shifting does not to be the same. Now, and from a 
practical point of view, the easiest way to obtain a larger negative value for µ is for case B. This is so because, if the 
electronic distribution and energies of the inner occupied local molecular orbitals are not modified, repulsive 
interactions among occupied (local) MOs will intensify. We can imagine this situation by using an extremely simple 
picture in which the occupied MO are envisaged as the layers of a multilayer sandwich: if we pushed below the 
upper layer the ones lying below will be compressed and, at the end, they will mix. This situation becomes clearer 
when we have the case of an atom in which the local HOMO is located energetically very far from the molecule’s 
HOMO. Within this reasoning, we suggest that the inhibitory activity will raise when the local LUMO becomes 
more reactive (case B of Fig. 5). Therefore, atom 19 is interacting with an electron-rich center. This is consistent 
with the formation of a N8-H9…X hydrogen bond. All the suggestions are displayed in the partial 2D 
pharmacophore of Fig. 6. 
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Figure 6. 2D pharmacophore for PKA inhibition by urea-based molecules 
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DISCUSSION  
 

Table 4 shows that the importance of variables in Eq. 2 is F3(LUMO)*> F19(LUMO)*>> S13
N(LUMO)*> 

S17
N(LUMO+2)*. A high ROCK2 inhibition is associated with large values for F3(LUMO)* and F19(LUMO)*. If 

S13
N(LUMO)* is positive, a good inhibitory capacity is associated with a large numerical value for this reactivity 

index. If S17
N(LUMO+2)* is positive, a good inhibitory activity is associated with a small numerical value for this 

index. Atom 3 is a carbon atom in ring A (Fig. 2). A high inhibitory activity is associated with a large value for 
F3(LUMO)*. This MO has a π nature in almost all molecules (Table 6). Therefore, atom 3 seems to interact with an 
electron-rich center. Atom 19 is a carbon atom in ring C (Fig. 2). A high inhibitory activity is associated with a large 
value for F19(LUMO)*. Table 7 indicates that this MO has a π nature in all molecules. This allows to suggest that 
atom 19 is interacting with an electron-rich center. Atom 13 is a carbon atom in ring B (Fig. 2). A high inhibitory 
activity is associated with a large numerical value of S13

N(LUMO)* if the numerical value for this reactivity index is 
positive. If negative, a high inhibitory activity is associated with a small negative numerical value. We consider both 
possibilities because it is well known that many results of quantum chemical calculations (at the ab initio and DFT 
levels) report vacant MOs with negative energies. Figure 7 explains how to increase or diminish SN and SE values. 
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Figure 7. How to obtain higher or lower numerical values for nucleophilic and electrophilic superdelocalizabilities associated with only 

one MO 
 
A positive SN value is shown in A of Fig. 7. To obtain greater numerical values for this index we can shift 
downwards the energy of the associated eigenvalue (+). This is so because the MO energy is in the denominator of 
the expression defining the superdelocalizabilities. To obtain smaller values, we shift upwards the energy of the 
associated eigenvalue (-). B shows the case of a negative numerical value of SN. Now, if we need to get larger 
negative values we need to shift upwards the energy of the associated eigenvalue (+). Shifting downwards the value 
of the associated eigenvalue will produce smaller negative values (-). Case C refers to electrophilic 
superdelocalizabilities. As they are always negative in closed shell systems, we work with them as in case B. In the 
case of atom 13 we can see that a large positive numerical value or a small negative numerical value are associated 
with a high inhibitory activity. Fig. 7 shows that in both situations the associated LUMO energy must be shifted 
downwards making the MO more reactive. Therefore, we suggest that atom 13 is interacting with an electron-rich 
moiety. Atom 17 is a carbon atom in ring B (Fig. 2). A high inhibitory activity is associated with a small numerical 
value of S17

N(LUMO+2)* if the value of this index is positive. Fig. 7 shows that this MO should be made less 
reactive. This could be a possible signal of a repulsive interaction of this MO with vacant MOs of the partner. 
Unhappily, Eq. 2 is not able to show the role of (LUMO+1)17

* and (LUMO)17
*. Plots of the numerical values of 

S17
N(LUMO+1)* and S17

N(LUMO)* vs. log(IC50) (not shown here) show that, in general, the inhibitory activity 
increases when these two MOs become lees reactive. Therefore we suggest that atom 17 is interacting with an 
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electron-deficient center. This suggestion is provisory. All the suggestions are displayed in the partial 2D 
pharmacophore shown in Fig. 8. 
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Figure 8. 2D pharmacophore for ROCK2 inhibition by urea-based molecules 
 
In conclusion, we obtained statistically significant equations relating the variation of the PKA and ROCK2 
inhibitory potencies with the variation of the numerical values of definite sets of local atomic reactivity indices for a 
group of urea-based molecules. It is interesting to note the participation of two H-bonds of the urea moiety in the 
inhibition of PKA. Our intensive search for a biological activity that cannot be analyzed with the KPG method has 
proved to be unproductive up today [57]. 
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