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ABSTRACT 
 
The relationships between the inhibition of steroid 11β-hydroxylase, aldosterone synthase and aromatase enzymes 
and the electronic structure of a group of coumarin derivatives was analyzed. We obtained statistically significant 
results for the inhibition of the three enzymes. Some specific molecule-enzyme interactions are suggested. The 
corresponding pharmacophores were built. Finally, some suggestions that could improve the inhibitory capacity are 
proposed. 
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INTRODUCTION 
 

Recently, a paper reporting experimental results of the inhibition of steroid 11β-hydroxylase (also called CYP11B1), 
aldosterone synthase (also called CYP11B2) and aromatase (also called CYP19) by some coumarin derivatives has 
interested us to carry out another testing about the validity of the Klopman-Peradejordi-Gómez (KPG) method [1]. 
These three enzymes are extremely important in human steroidogenesis (Fig. 1) [2-4]. CYP11B1 transforms 11-
deoxycortisol into cortisol and 11-deoxycorticosterone to corticosterone. Mutations in the CYP11B1 gene produce 
steroid 11β-hydroxylase deficiency [5].  CYP11B2 is the only enzyme capable of synthesizing aldosterone in 
humans and plays a significant role in electrolyte balance and blood pressure. Mutations in the CYP11B2 gene result 
in aldosterone synthase deficiency, which can cause hyperkalemia, hyponatremia and hypovolemic shock in infancy. 
The inhibition of CYP11B2 is currently being investigated as a medical treatment for hypertension, heart failure and 
renal disorders. CYP19 transforms androstenedione to estrone and testosterone to estradiol. Drugs that inhibit the 
CYP19-mediated synthesis of estrogens in peripheral tissues including the breast are widely used in the treatment of 
breast cancer. Several studies indicate that overexpression of CYP19 and excessive estrogen production play a role 
in Leydig cell tumorigenesis. See also [6-14]. Much experimental and theoretical work has been carried out 
searching for inhibitors of these enzymes [1, 15-35]. Given the interest of this subject, here we present the results of 
a study analyzing the relationships between the electronic structure of the aforementioned coumarin derivatives and 
their inhibitory capacity against steroid 11β-hydroxylase, aldosterone synthase and aromatase. 
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Figure 1. Human steroidogenesis, with the major classes of steroid hormones, individual steroids and enzymatic pathways. Changes in 
molecular structure from a precursor are highlighted in white. Taken from [36] 

 
Methods, models and calculations. 
For this study we employed the Klopman-Peradejordi-Gómez (KPG) formal QSAR method. As this method has 
been amply discussed in earlier papers, we shall discuss here only the results [37-44]. From the conceptual point of 
view the work presented here is another test of the hypothesis stating that the KPG model can give an account of the 
molecule-site equilibrium constants and also provides a formal quantitative relationship between molecular structure 
and any biological activity. Up today the KPG model shows no failures in its applications [45-55] (and references 
therein). The selected molecules are a series of coumarin derivatives with inhibitory activity against 11β-
hydroxylase (CYP11B1), aldosterone synthase (CYP11B2) and aromatase (CYP19). Molecules and their inhibitory 
activities are shown in Figure 1 and Table 1 [1]. 
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Figure 1. General formulas of coumarin derivatives 
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Table 1. Coumarin derivatives and inhibitory activities 
 

Mol. R3 R4 R5 
log(IC50) 
CP11B1 

log(IC50) 
CP11B2 

log(IC50) 
CYP19 

1 H H H 1.86 2.46 2.18 
2 Me H H 1.65 2.40 2.06 
3 F H H 1.60 2.30 2.05 
4 Cl H H 1.49 2.00 2.11 
5 CF3 H H 1.30 2.18 2.37 
6 OCF3 H H 0.70 2.10 2.32 
7 NO2 H H 1.30 2.00 2.15 
8 OMe H H 1.68 2.10 2.74 
9 H Cl H 2.00 2.30 2.25 
10 H OCF3 H 1.40 2.40 2.68 
11 H NO2 H 2.05 1.93 2.59 
12 H OMe H 1.90 2.09 2.1 
13 H O(CH2)2Me H 1.80 1.89 2.68 
14 H OCH(CH3)2 H 1.68 1.91 2.77 
15 F H F 1.65 2.30 2.23 
16 F F H 1.70 2.00 2.22 
17 OMe OMe H 1.76 1.91 2.65 
18 OMe OMe OMe 1.70 2.17 2.54 

 
The electronic structure of the molecules was calculated with the Density Functional Theory at the B3LYP/6-
31g(d,p) level with full geometry optimization. The Gaussian 03 program was used [56]. The numerical values of 
the local atomic reactivity indices were calculated with the D-Cent-QSAR software [57]. The negative electron 
populations produced by Mulliken Population Analysis were fixed as usual [58]. The orientational parameters were 
taken from Tables [59, 60]. Considering that the resolution of the system of linear equations is not possible because 
we have not enough molecules, we used Linear Multiple Regression Analysis (LMRA) to determine the best 
solution. For each case, a matrix having the dependent variable (the inhibitory activity of each case) and the local 
atomic reactivity indices of all atoms of a common skeleton as independent variables was created. To this matrix, 
the orientational parameters of the R3, R4 and R5 were added. The Statistica software was employed for LMRA [61]. 
The common skeleton (CS) approximation holds that there is a group of atoms, shared by all the molecules analyzed, 
that accounts for most part of the biological activity. The influence of the substituents consists in altering directly the 
electronic structure of the CS and inducing the accurate placement of the drug at the action site through the 
orientational parameters. It is hypothesized that diverse parts or this CS accounts for almost all the interactions 
leading to the expression of a particular biological activity. The common skeleton is displayed in Fig. 2. 
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Figure 2. Common skeleton of coumarin derivatives 
 

RESULTS 
 

Results for the inhibition of CYP11B1. 
The best equation obtained was: 

E
50 R3 1 22 18log(IC )=1.89-0.001φ -0.59F (HOMO-2)*+3.69F(LUMO+2)*+2.01S (HOMO)* (1) 
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with n=17, R=0.98, R2=0.96, adj-R2=0.95, F(4,12)=77.97 (p<0.000001) and SD=0.07. No outliers were detected and 
no residuals fall outside the ±2σ limits. Here, φR3 is the orientational parameter of the R3 substituent, F1(HOMO-2)* 
is the Fukui index of the third highest occupied MO localized on atom 1, F22(LUMO+2)* is the Fukui index of the 
third lowest vacant MO localized on atom 22 and S18

E(HOMO)* is the electrophilic superdelocalizability of the 
highest occupied MO localized on atom 18. 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 
 

Variable Beta t(12) p-level 

φR3 -0.83 -13.25 <0.0000001 

F1(HOMO-2)* -0.23 -3.90 <0.002 

F22(LUMO+2)* 0.35 5.28 <0.0002 

S18
E(HOMO)* 0.24 3.55 <0.004 

 
Table 3. Matrix of squared correlation coefficients for the variables in Eq. 1 

 

 
φR3 F1(HOMO-2)* F22(LUMO+2)* S18

E(HOMO)* 

φR3 1.00    

F1(HOMO-2)* 0.05 1.00   

F22(LUMO+2)* 0.00 0.03 1.00 

S18
E(HOMO)* 0.10 0.00 0.21 1.00 
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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 four local atomic reactivity indices of atoms of the common skeleton 
explains about 95% of the variation of log(IC50) in this group of coumarin derivatives. Figure 3, spanning about 1.4 
orders of magnitude, shows that there is a good correlation of observed versus calculated values. 
 
Results for the inhibition of CYP11B2. 
The best equation obtained was: 
 

N N
50 10 15 20log(IC )=2.31-0.01S (LUMO+2)*-7.41F (HOMO-1)*-0.20S (LUMO+2)*  (2) 

 
with n=16, R=0.94, R2=0.87, adj-R2=0.86, F(3,12)=31.21 (p<0.00001) and SD=0.07. No outliers were detected and 
no residuals fall outside the ±2σ limits. Here, S10

N(LUMO+2)* is the nucleophilic superdelocalizability of the third 
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lowest MO localized on atom 10, F15(HOMO-1)* is the Fukui index of the second highest occupied MO localized 
on atom 15 and S20

N(LUMO+2)* is the nucleophilic superdelocalizability of the third lowest vacant MO localized 
on atom 20. 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 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 
 

Variable Beta t(12) p-level 

S10
N(LUMO+2)* -0.72 -7.14 <0.00001 

F15(HOMO-1)* -0.48 -4.84 <0.0004 

S20
N(LUMO+2)* -0.29 -2.94 <0.01 

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

 

 
S10

N(LUMO+2)* F15(HOMO-1)* S20
N(LUMO+2)* 

S10
N(LUMO+2)* 1.00   

F15(HOMO-1)* 0.04 1.00 

S20
N(LUMO+2)* 0.02 0.00 1.00 
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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 three local atomic reactivity indices of atoms of the common skeleton 
explains only about 86% of the variation of log(IC50) in this group of coumarin derivatives. Figure 4, spanning only 
about 0.6 orders of magnitude, shows that there is a relatively good correlation of observed versus calculated values. 
 
Results for the inhibition of CYP19. 
The best equation obtained was: 
 

N N
50 16 9 2log(IC )=1.53-0.25S (LUMO+1)*-0.07S (LUMO+2)*+0.39Q      (3) 
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with n=16, R=0.93, R2=0.87, adj-R2=0.84, F(3,12)=26.55 (p<0.00001) and SD=0.10. No outliers were detected and 
no residuals fall outside the ±2σ limits. Here, S16

N(LUMO+1)* is the nucleophilic superdelocalizability of the 
second lowest MO localized on atom 16, S9

N(LUMO+2)* is the nucleophilic superdelocalizability of the third 
lowest MO localized on atom 9 and Q2 is the net charge of atom 2. Tables 6 and 7 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. 3. There are no significant internal correlations between independent variables (Table 7). Figure 5 displays 
the plot of observed vs. calculated log(IC50). 
 

Table 6. Beta coefficients and t-test for significance of coefficients in Eq. 3 
 

 
Beta t(12) p-level 

S16
N(LUMO+1)* -0.60 -4.97 <0.0003 

S9
N(LUMO+2)* -0.42 -4.02 <0.002 

Q2 0.34 2.79 <0.02 

 
Table 7. Matrix of squared correlation coefficients for the variables in Eq. 3 

 

 
S16

N(LUMO+1)* S9
N(LUMO+2)* Q2 

S16
N(LUMO+1)* 1.00   

S9
N(LUMO+2)* 0.00 1.00 

Q2 0.24 0.01 1.00 
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Figure 5. Plot of predicted vs. observed log(IC50) values (Eq. 3). Dashed lines denote the 95% confidence interval 
 
The associated statistical parameters of Eq. 3 indicate that this equation is statistically significant and that the 
variation of the numerical values of a group of three local atomic reactivity indices of atoms of the common skeleton 
explains only about 84% of the variation of log(IC50) in this group of coumarin derivatives. Figure 5, spanning only 
about 0.7 orders of magnitude, shows that there is a relatively good correlation of observed versus calculated values. 
 
Local Molecular Orbitals. 
Tables 8 and 9 show the local MO structure of atoms with reactivity indices appearing in Eq. 1, 2 and 3 (see Fig. 2). 
Nomenclature: Molecule (HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)*. 
All local MOs of atom 20 of the common skeleton (Fig. 2) have a σ nature. 
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Table 8. Local molecular orbitals of atoms 1, 9, 10 and 15 
 

Mol. Atom 1 Atom 9 Atom 10 Atom 15 

1(87) 
78σ83π85π- 
89π90π91π 

85π86π87π- 
88π89π90π 

85π86π87π- 
88π89π90π 

81σ86π87π- 
88π89π92σ 

2 (91) 
82σ88π89π- 
93π94π95π 

88π90π91π- 
92π93π94π 

88π90σ91π- 
92π93π94π 

85σ90π91π- 
92π93π96π 

3 (91) 
81σ88π89π- 
93π95π96π 

88π90π91π- 
92π94π95π 

89π90π91π- 
92π93π94π 

85σ90π91π- 
92π94π96π 

4 (95) 
86σ92π93π- 
97π98π99π 

92π94π95π- 
96π97π99π 

93π94π95π- 
96π97π99π 

89σ94π95π- 
96π99π100π 

5 (103) 
94σ97π99π- 

105π106π114σ 
99π101π102π- 
104π106π107π 

95π101π102π- 
104π106π107π 

98σ100σ102π- 
104π107π108π 

6 (107) 
96π104π105π- 
109π111π112π 

104π106π107π- 
108π109σ110π 

105π106π107π- 
108π109π110π 

101σ106π107π- 
108π109π110π 

7 (98) 
89π91π92π- 

99π101π103π 
96π97π98π- 

100π102π103π 
96π97π98π- 

100π102π103π 
94σ97π98π- 

100π102π103π 

8 (95) 
93π94π95π- 
97π99π100π 

92π93π95π- 
96π97π98π 

92π93π95π- 
96π98π100π 

89σ93π95π- 
96π98π99π 

9 (95) 
89π92π93π- 
97π98π99π 

92π94π95π- 
96π97π99π 

93π94π95π- 
96π97π99π 

90σ94π95π- 
96π99π100π 

10 (107) 
101π104π105π- 
109π110π111π 

105π106π107π- 
108π110π111π 

105π106π107π- 
108π110π111π 

102σ106π107π- 
108π111π112π 

11 (98) 
90σ91π92π- 

99π101π103π 
96π97π98π- 

100π102π103π 
96π97π98π- 

100π102π103π 
94σ97π98π- 

100π102π103π 

12 (95) 
86π91π94π- 
97π98π99π 

92π93π95π- 
96π97π99π 

92π93π95π- 
96π97π98π 

89σ93π95π- 
96π97π98π 

13 (103) 
94π99π102π- 

105π106π107π 
100π101π103π- 
104π105π107π 

100π101π103π- 
104π105π106π 

96σ97σ103π- 
104π105π106π 

14 (103) 
94π99π102π- 

105π106π107π 
100π101π103π- 
104π105π107π 

100π101π103π- 
104π105π106π 

96σ97σ103π- 
104π105π106π 

15 (95) 
90π92π93π- 
97π98π99π 

92π94π95π- 
96π97π98π 

93π94π95π- 
96π97π98π 

89σ94π95π- 
96π97π98π 

16 (95) 
90π92π93π- 
97π98π99π 

93π94π95π- 
96π98π99π 

93π94π95π- 
96π98π99π 

90σ94π95π- 
96π98π100π 

17 (103) 
100π102π103π- 
106π107π111σ 

101π102π103π- 
104π105π106π 

101π102π103π- 
104π105π108π 

101π102π103π- 
104π105π108π 

18 (111) 
105σ109π111π- 
114π115π116π 

107π108π110π- 
112π113π114π 

107π108π110π- 
112π113π114π 

104σ108π110π- 
112π113π115π 

 
Table 9. Local molecular orbitals of atoms 16, 18 and 22 

 
Mol. Atom 16 Atom 18 Atom 22 
1(87) 81σ86π87π-88π89π90π 85π86π87π-88π89π90π 82σ86π87π-93π94σ98σ 
2 (91) 85σ90π91π-92π93π94π 89π90π91π-92π93π94π 86σ90π91π-97π98π101σ 
3 (91) 85σ90π91π-92π94π96π 88π89π90π-92π94π96π 87σ90π91π-97π98π101σ 
4 (95) 89σ94π95π-96π99π100π 92π93π94π-96π99π100π 91σ94π95π-101π103π106σ 
5 (103) 98σ100σ102π-104π107π108π 98σ101π102π-104π107π108π 98σ100σ103π-109π110σ111σ 
6 (107) 101σ106π107π-108π110π112π 104π105π106π-108π110π112π 103σ106π107π-113π114π117σ 
7 (98) 94σ97π98π-100π102π109π 94σ96π97π-100π102π104π 95σ97π98π-105π106π109σ 
8 (95) 89σ93π95π-96π98π100π 92π93π95π-96π98π100π 93π94π95π-101π102π105σ 
9 (95) 90σ94π95π-96π99π100π 92π93π94π-96π99π100π 91σ94π95π-101π103π106σ 

10 (107) 102σ106π107π-108π111π112π 104π105π106π-108π111π112π 103σ106π107π-113π114π117σ 
11 (98) 94σ97π98π-100π102π108 94σ96π97π-100π102π104π 95σ97π98π-105π106σ107σ 
12 (95) 89σ93π95π-96π97π98π 92π93π95π-96π97π98π 90σ93π95π-101π102π105σ 
13 (103) 97σ101π103π-104π105π108π 100π101π103π-104π105π106π 98σ101π103π-109π110π114σ 
14 (103) 97σ101π103π-104π105π108π 100π101π103π-104π105π108π 98σ101π103π-109π110π114σ 
15 (95) 89σ94π95π-96π98π100π 92π93π94π-96π97π98π 91σ94π95π-101π102π105σ 
16 (95) 90σ94π95π-96π98π99π 92π93π94π-96π98π99π 91σ94π95π-101π103π106σ 
17 (103) 101π102π103π-104π105π108π 99π100π101π-104π105π108π 101π102π103π-109π110π113σ 
18 (111) 104σ108π110π-112π113π115π 107π108π110π-112π113π115π 106σ108π110π-117π118π122σ 

 
DISCUSSION 

 
A point that needs to be emphasized is that LMRA equations include only those variables for which the 
simultaneous variation of their numerical values gives an account of the variation of the value of the biological 
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property in the group of molecules under analysis. Therefore, the indices participating in the inhibitory process but 
having constant numerical values will not appear in the final equations. Eq. 1 shows that there is a direct relationship 
between the variation of the numerical value of a group of local atomic reactivity indices and the variation of the 
inhibitory potency against CYP11B1. The same happens for Eqs. 2 and 3. In the following we shall discuss the 
results for each case. 
 
Discussion of the results for the inhibition of CYP11B1. 
The beta values (Table 2) show that the importance of variables in Eq. 1 is φR3>> F22(LUMO+2)*> S18

E(HOMO)*> 
F1(HOMO-2)*. Let us remember that the Fukui indices are always positive and that the electrophilic superdelocaliz 
abilities are always negative. Considering the sign of the reactivity indices and the associated sign in Eq. 1, we can 
see that a high inhibitory activity is associated with a high value of the R3 orientational parameter, a high value of 
the electron population of (HOMO-2)1

*, a small value of the electron population of (LUMO+2)22
* and with a high 

value of S18
E(HOMO)*. We shall analyze the variable one by one without forgetting that it is the simultaneous 

variation of their numerical values that gives an account of the variation of the activity in this series. The R3 
substituents have very different effects on the aromatic ring A (Table 1). A large value for φR3 means that we must 
select substituent with larger values for this index but having similar electronic effects on ring A. We suggest 
employing substituents such as (CH2)nMe or (CH2)nOMe (with n≥1). Atom 1 is a carbon in ring A (Fig 2). The 
appearance of (HOMO-2)1

* indicates that (HOMO-1)1
* and (HOMO)1

* also participate in the interaction with the 
site. Table 8 shows that (HOMO-1)1

* and (HOMO)1
* have a π nature, while (HOMO-2)1

*  has σ nature in some 
molecules and π nature in others. The only way to explain this findings is by suggesting that atom 1 is interacting 
with a π electron deficient center through the π MOs and with another site with empty σ MOs via a C-H..C (or 
analogous) interaction. Atom 22 is a carbon in ring D (Fig. 2). (LUMO+2)22

* has a σ nature, (LUMO)22
* has a π 

nature while (LUMO+1)22
*  has π or σ natures  (Table 9). The plot of the inhibitory activity versus F22(LUMO)* and 

F22(LUMO+1) (not shown) does not provide extra information. Therefore we suggest that atom 22 interacts with 
occupied π MOs and that an optimal situation is when (LUMO+2)22

* σ population is minimal or does not exist. 
Atom 18 is oxygen in ring C (Fig. 2). A high inhibitory activity is associated with a high value of S18

E(HOMO)*. 
Table 9 shows that the local HOMO* has a π nature in all molecules. Therefore, atom 18 is interacting with an 
electron-deficient center through π-π stacked, π-π T-shaped and/or π-cation interactions.  All the suggestions are 
displayed in the partial 2D pharmacophore of Fig. 6. 
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Figure 6. Partial 2D pharmacophore for the inhibition of CYP11B1 
 

Discussion of the results for the inhibition of CYP11B2. 
The beta values (Table 4) show that the importance of variables in Eq. 2 is S10

N(LUMO+2)*>> F15(HOMO-1)* >> 
S20

N(LUMO+2)*. Considering the sign of the reactivity indices and the associated sign in Eq. 2, we can see that a 
high inhibitory activity is associated with a high numerical value of  F15(HOMO-1)*. The numerical values of the 
nucleophilic superdelocalizabilities can be positive or negative. In earlier papers we have shown that if we carry an 
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analysis for positive values, the conclusions are also valid for negative values [50]. If the numerical values for 
S10

N(LUMO+2)* and S20
N(LUMO+2)* are positive, a high inhibitory capacity is associated with large values of 

these indices. Atom 15 is a carbon in ring C (Fig. 2). Table 8 shows that (HOMO-1)15
* has a π nature in almost all 

the molecules. In three molecules this OM has a σ nature. (HOMO)15
* has a π nature in all molecules (Table 8). A 

large value for F15(HOMO-1)* is associated with a high inhibitory activity. Therefore, we suggest that atom 15 is 
interacting with a π electron deficient center. The participation of (HOMO-1)15

* with a σ character can be explained 
in two ways. The first one is that these MOs do not interact with the π electron deficient center. The other one is that 
these MOs interact with vacant σ MOs. Both suggestions are not incompatible. Atom 10 is a carbon in ring B (Fig. 
2). If the numerical values of S10

N(LUMO+2)* are positive, a high inhibitory activity is associated with large 
numerical values for this reactivity index. Table 10 shows that the three lowest vacant local MOs of atom 10 are of π 
nature. Larger numerical values for this index are obtained mainly by lowering the energy of the associated MO, 
making it more reactive. Therefore, we suggest that atom 10 is interacting with a π electron-rich center through at 
least its three lowest vacant MOs. As we said before, the same conclusions are reached if the numerical values of 
S10

N(LUMO+2)* negative. Atom 20 is a carbon linking rings C and D (Fig. 2). All the local MOs of this atom have 
a σ nature. With a similar reasoning employed for atom 10 but also considering the nature of the MOs, we suggest 
that atom 20 is interacting with a site having occupied MOs of σ nature. Being alkyl chains the most probable sites 
for this interaction we also suggest the possible existence of a hydrophobic pocket. All the suggestions are displayed 
in the partial 2D pharmacophore of Fig. 7. 
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Figure 7. Partial 2D pharmacophore for the inhibition of CYP11B2 
 
Discussion of the results for the inhibition of CYP19. 
The beta values (Table 6) show that the importance of variables in Eq. 3 is S16

N(LUMO+1)*> S9
N(LUMO+2)*> Q2. 

Considering the sign of the reactivity indices and the associated sign in Eq. 3, we can see that a high inhibitory 
activity is associated with negative values for Q2. In the case that the numerical values of the nucleophilic 
superdelocalizabilities are positive, a high inhibitory activity is associated with large positive numerical values for 
these reactivity indices. Atom 2 is a carbon in ring A (Fig. 2). As a negative net charge is associated with a higher 
inhibitory activity, R4 substituents (Fig. 1) directly donating electrons to atom 2 are suggested. The only restriction 
is that their OP values be within the numerical limits of the ones appearing in Table 1. Atom 2 could be interacting 
with a positively-charged center. Atom 16 is a carbon in ring C (Fig. 2). Table 9 shows that (LUMO)16

* and 
(LUMO+1)16

* have a π nature. Employing the same reasoning used above for similar cases, we suggest that atom 16 
is interacting with an electron-rich center thorough its first two lowest vacant MOs. Atom 9 is a carbon in ring B 
(Fig. 2). Table 9 shows that the three lowest vacant MOs have a π nature. Employing the same reasoning used above 
for similar cases, we suggest that atom 16 is interacting with an electron-rich center thorough its first three lowest 
vacant MOs. All the suggestions are displayed in the partial 2D pharmacophore of Fig. 8. 
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Figure 8. Partial 2D pharmacophore for the inhibition of CYP19 
 
Life on Earth originated 3.5-3.8 billion years ago as a complex sequence of chemical reactions. Along all this time, 
the environmental conditions and the change in the heritable characteristics of biological populations over 
successive generations produced more and more complex living structures. Homo sapiens, the only extant member 
of the genus Homo, is the one of the actual products. Inside us, extremely complex molecular interactions occur at 
many levels of organization. All them have a fundamental characteristic: they must be highly specific in order to 
conserve the stability of the many subsystems. At the cellular level, the communications between cells are carried 
out by proteins, amino acids, steroids and several other substances (the signaling molecules), while large proteins are 
the receptors of the messages. Other proteins in the cell membrane, linked with the receptors, transfer the message to 
the interior of the cell. To prevent any disruption of the living systems, a high degree of complementarity between 
the messengers and their receptors exists. This is called the key and lock principle. When a messenger molecule 
travels in the interior milieu it needs to be recognized by its receptor and then guided to reach the final interaction 
geometry. At larger distances this process is controlled by the molecular electrostatic potential structure. At 
intermediate distances, a mixture of electrostatic and weak MO-MO interactions probably guides and orientates the 
messenger molecule. At the end of the process, short-range interactions such as hydrogen bonds help to finalize the 
binding process. Generally speaking, the specificity of the lock is due to the three dimensional (3D) arrangement of 
charged sites and occupied and virtual molecular orbitals. Only those molecules fitting perfectly this 3-D network 
will be able to produce a biological effect, while others than can partially bind the lock only will block it. These 
electrostatic and MO-MO interactions are included in the Klopman expression that is an important part of the 
foundations of the KPG method [62]. This specificity is reflected in this paper in the fact that all three inhibitory 
processes are orbital-controlled. We have perceived this fact along all the history of the applications of the KPG 
method to many different series of molecules interacting with macromolecular structures or exerting definite 
biological activities. Our ancestors discovered by trial and error that some chemicals existing in some plants, 
mushrooms and animals can produce altered states of consciousness, cure, paralyze, kill, etc. This is so because 
these molecules can interact with the lock by mimicking the electronic and conformational characteristics of the 
endogenous messenger(s). 
 
Rings A, B-C and D are not coplanar in all molecules (see Fig. 9 for example). Fig. 1 and Table 1 show that all 
substituents are only in ring A but Eq. 1-3 show also reactivity indices belonging to rings B-C and D. This is so 
because the change of substituents modifies the number, nature and localization of molecular orbitals (more or fewer 
π, lone pair and/or σ MOs). Perhaps this is the main reason to carry out electronic structure calculations when 
designing new molecules. Unhappily, there are no known rules to predict these long-range substituent effects. 
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Figure 9. Fully optimized geometry of molecule 12 
 
The calculations were done after full geometry optimization. But there is no way to know if this conformation is the 
active one. This is the reason of the two dimensional representation of the partial pharmacophores. 
 
Some words about the concept of local molecular orbitals. This concept arises directly from the fact that in large 
molecules the frontier molecular orbitals (molecular HOMO and LUMO) sometimes are not localized on all the 
molecule. As an example, Fig. 10 displays the HOMO of molecule 1. 
 

 
 

Figure 10. Highest Occupied Molecular Orbital (HOMO) of molecule 1 
 
We can see that this MO is localized on rings B, C and D, but not on ring A. For this case, we say that in the case of 
most atoms of rings B, C and D, the highest occupied local molecular orbital, HOMO*, coincides with the molecular 
HOMO. Figure 11 shows the second highest occupied MO of molecule 1. 
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Figure 11. Second Highest Occupied Molecular Orbital (HOMO-1) of molecule 1 
 
Again, this MO is not localized on ring A. In this case we say that in the case of most atoms of rings B, C and D, 
their second highest occupied local molecular orbital, (HOMO-1)*, coincides with the HOMO-1 of the molecule. 
Figure 12 shows the third highest occupied MO of molecule 1. 
 

 
 

Figure 12. Third Highest Occupied Molecular Orbital (HOMO-2) of molecule 1 
 
(HOMO-2) is localized on rings A and B. Now, we say that for the atoms of ring A their highest occupied local MO, 
HOMO*, coincides with the molecule’s (HOMO-2). For the atoms of ring B we say that their third highest occupied 
local MO, (HOMO-2)*, coincides with the molecule’s (HOMO-2). These facts are summarized in Tables 8 and 9. 
 
In summary, we have obtained statistically significant relationships between the variation of some local atomic 
reactivity indices and the variation of the inhibitory potencies against steroid 11β-hydroxylase, aldosterone synthase 
and aromatase in a series of coumarin derivatives. The corresponding partial pharmacophores were built and some 
suggestions to improve the inhibitory potency have been presented. 
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