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ABSTRACT 

 
We carried out an analysis of the relationships between the electronic structure and the human 

neutrophil elastase inhibitory capacity of a series of N-benzoylindazole derivatives. We employed a model-
based method. The electronic structure of all the molecules was calculated within the Density Functional 
Theory at the B3LYP/6-31g(d,p) level with full geometry optimization. Linear multiple regression analysis was 
employed to find the best relationship between receptor binding affinity and local atomic reactivity indices 
belonging to a three common skeletons. The variation of the receptor binding affinity is related to the 
variation of a set of specific local atomic reactivity indices. The inhibitory process is orbital-controlled. A 2D 
partial inhibitory pharmacophore is proposed.  
Keywords: Human Neutrophil Elastase, Local atomic reactivity indices, QSAR, pharmacophore, Quantum 
Chemistry. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Corresponding author 



          ISSN: 0975-8585 
 

May-June    2014  RJPBCS 5(3)  Page No. 2125 

INTRODUCTION 
 

Neutrophils constitute the majority of white blood cells in humans, serving as the 
main cellular defense against infections [1]. For the period of infection, the neutrophil life-
span is extended, granulopoiesis augments, and large numbers of neutrophils arrive quickly 
to the sites of infection. They employ a wide array of oxygen-dependent and oxygen-
independent agents to destroy infectious agents. One of the oxygen-independent 
mechanisms involves a 30 kDa serine protease called (human) neutrophil elastase (HNE, EC 
3.4.21.37) [2, 3]. Intracellular HNE breaks down alien proteins while the extracellular HNE 
liberated by neutrophils, that is mostly bound to the neutrophil plasma membrane, aid 
neutrophil movement to infection sites by degrading several host proteins (for example, the 
extracellular matrix proteins). Host tissues are sheltered from harm by HNE by a number of 
endogenous HNE inhibitors (elafin, α1-antitrypsin, etc.). When the equilibrium between HNE 
and its inhibitors is disrupted in favor of HNE, tissue damage occurs. There is evidence that 
points out to HNE as the key source of tissue damage in cystic fibrosis, adult respiratory 
distress syndrome and chronic obstructive pulmonary disease, and even to the movement 
of tumor cells throughout tissues [4-22]. These last facts show the need to develop 
therapeutic agents controlling or simply inhibiting the proteolytic activity of HNE. During the 
last years several groups of HNE inhibitors have been synthesized [23-43]. Among them a 
group of N-benzoylindazole derivatives shows promising HNE inhibitory activity [38]. With 
the aim to provide a first insight into the mechanisms underlying these inhibitory activities, 
we present here the results of a formal quantum chemical study relating electronic 
structure with HNE inhibitory capacity for the abovementioned compounds.  
 

METHODS AND CALCULATIONS 
 

The method. 
 

The method employed is grounded in the standard statistical-mechanical definition 
of the equilibrium constant, Ki. After several physically-based approximations, it was shown 
that Ki can be expressed in terms of several atomic local reactivity indices (LARIs) [44-48]. 
The application of this method has produced many results proving beyond all reasonable 
doubt its utility [49-61]. The next step was to assume that, if the expression contains all the 
necessary terms to explain microscopic interactions, it can also be employed to analyze 
processes that are not equilibrium constants but complex biological activities (BA). The final 
master equation obtained is: 
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where a, ej, fj, sj, etc., are constants to be determined. Qj, 
E

jS  and N

jS  are, respectively, the 

net charge, the total atomic electrophilic superdelocalizability and the total atomic 
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nucleophilic superdelocalizability of atom j. ( )jF m  and ( ')jF m  are, respectively, the Fukui 

index of occupied MO m and vacant MO m’ of atom j [62]. ( ')N

jS m  is the local (orbital) 

atomic nucleophilic superdelocalizability of vacant MO m’ of atom j. ( )E

jS m  is the local 

(orbital) atomic electrophilic superdelocalizability of occupied MO m of atom j. 
j , 

j , 
j

and 
j  are, respectively, the local atomic electronic chemical potential, the local atomic 

hardness, the local atomic softness and the local atomic electrophilicity of atom j.  max

jQ  

represents the maximal amount of charge atom j may receive. BO  is the orientational 

parameter of substituent B, a purely geometrical term derived from the rotational partition 
function [46]. As the physical meaning of the LARIs has been discussed in several papers, we 
refer the reader to the literature. The application of Eq. 1 to several different molecular 
systems and processes that are not equilibrium constants has given very good results [63-
72]. It is important to mention that Eq. 1 includes only reactivity indices of the biologically 
active molecules and not their targets. Therefore, reported biological activities having an 
unknown or an unclear action mechanism(s) can be studied with this method.  Also, and 
from the formal point of view, this method is the only member of a subset belonging to the 
set of all QSAR methods. As an example of a comparison of its potency against statistics-
only-based methods we refer the reader to our paper studying the relationships between 
accumulation data and molecular structure for some pollutant molecules by zucchini 
subspecies [71]. 
 
Selection of experimental data. 
 

The data selected for this study are the human neutrophil elastase (HNE) inhibitory 
activities, reported as the concentration of tested compound causing 50% inhibition (IC50) of 
the enzymatic reaction of HNE with a substrate. All experimental values coming from other 
references were discarded. The selected molecules are shown in Fig. 1 and Table 1. 
 

N

N
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Figure 1. General formula of N-benzoylindazole derivatives. 
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Table 1. N-benzoylindazole derivatives and their biological activity. 

 

Mol. R1 R2 log(IC50) 

1 Phe Phe -0.38 

2 Phe 2-Me-Phe 1.53 

3 Phe 3-Me-Phe -0.03 

4 Phe 4-Me-Phe -0.54 

5 Phe 3-Cl-Phe 0.59 

6 Phe 4-Cl-Phe 0.79 

7 Phe 3-NO2-Phe 1.04 

8 Phe 3-F-Phe 0.77 

9 Phe 4-F-Phe 0.91 

10 Phe 3-OMe-Phe 0.26 

11 Phe 4-CN-Phe 1.58 

12 Phe 3-Thienyl 0.49 

13 Phe 5-Benzodioxole 1.52 

14 Phe 1-Naphthyl 1.40 

15 Et 3-OMe-Phe -0.10 

16 Et 4-CN-Phe 1.58 

17 Et 3-Thienyl -0.03 

18 Et 5-Benzodioxole 1.45 

19 Et Et -0.40 

20 Et n-Pr -0.74 

21 Et c-Pentyl -0.32 

22 Me Phe -1.05 

23 Me 3-Me-Phe -0.89 

24 Me 3-OMe-Phe -0.26 

25 Me 3-Thienyl -0.51 

26 n-Pr Phe -0.40 

27 n-Pr 3-Me-Phe -0.11 

28 n-Pr 3-OMe-Phe 0.28 

29 n-Pr 3-Thienyl 0.28 

30 i-Pr Phe -0.62 

31 i-Pr 3-Me-Phe -0.19 

32 i-Pr 3-OMe-Phe -0.12 

33 i-Pr 3-Thienyl -0.16 

34 n-CH2CF3 Phe -0.59 

35 n-CH2CF3 3-Me-Phe -0.34 

36 n-CH2CF3 3-OMe-Phe -0.05 

37 n-CH2CF3 3-Thienyl -0.29 

38 Phe 3-NH2-Phe 0.49 

39 Et 3-NH2-Phe 0.20 

40 n-Pr 3-NH2-Phe -0.15 

41 i-Pr 3-NH2-Phe -0.29 

42 n-CH2CF3 3-NH2-Phe -0.47 

 
Calculations 
 

If we consider a series of n molecules, we have a set of n Eqs. 1. The direct resolution 
of this linear system of equations is possible only if we have enough molecules to solve it. 
Unhappily this is never the real situation. Therefore we must rely on linear multiple 
regression analysis (LMRA) techniques to find the best solution. The problem with LMRA is 
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that the resulting equations will include only those LARIs whose variation accounts for the 
variation of the experimental values through the series. Then, atoms participating in the 
process but having a constant value of all their LARIs throughout the series of molecules will 
not appear in the final equations. This apparent shortcoming has not prevented us from 
suggesting possible molecules with stronger biological activities. This is the case of a potent 
hallucinogen (successful) and a stronger cannabinoid (not tested). We were even able to 
detect wrong experimental results. The electronic structure of all molecules in Table 1 was 
obtained within the Density Functional Theory at the B3LYP/6-31G(d,p) level with the 
Gaussian program [73]. After full geometry optimization, the local atomic reactivity indices 
were obtained with the D-CENT-QSAR software [74]. 

 
For the LMRA we made the following assumption: there is a set of atoms, common 

to all molecules (called the common skeleton, CS), that accounts for almost all the biological 
activity. The common skeleton definition depends on the concrete problem being studied. 
Here we tested three possible CSs (see below). Then, the matrices for LMRA are constituted 
by the logarithm of IC50 (the dependent variable) and the set of LARIs of each one of the 
common skeletons used. The Statistica software was employed [75]. The drawings of the 
molecular electrostatic potential (MEP) and the molecular orbitals were done with Molekel 
and GaussView programs [76, 77]. 

 
RESULTS 

 
First, we carried out a LMRA with the whole set of molecules (n=42) using the common 
skeleton depicted in Fig. 1 (CS-A). 
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Figure 2. Common skeleton of N-benzoylindazole derivatives (CS-A). 

 
The results showed that molecules 2, 8 and 16 appeared as outliers. The next LMRA 

with these three molecules discarded (n=39), produced the following statistically significant 
equation: 
 

50 2 9 6log( ) 4.23 0.001 8.74 1.29 ( 1)*IC Q F LUMO         (2) 
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with n=39, R=0.89, R2=0.80, adj R2=0.78, F(3,35)=46.92 (p<0.00001)  and SD=0.31. No 

outliers were detected and no residuals fall outside the ±2σ limits. Here 9Q  is the net charge 

of atom 9, 
2 is the orientational parameter of R2 and 

6( 1)*F LUMO  is the Fukui index of 

the second local vacant MO localized on atom 6. Tables 2 and 3 show, respectively, the beta 
coefficients, the results of the t-test for significance of coefficients and the matrix of 
squared correlation coefficients for the variables appearing in Eq. 2. Table 3 shows that no 
significant internal correlations between independent variables exist. Figure 3 displays the 
plot of observed vs. calculated values. The associated statistical parameters of Eq. 2 show 
that this equation is statistically significant and that the variation of a group of local atomic 
reactivity indices belonging to the type A common skeleton explains about 78% of the 
variation of the HNE inhibition. 
 

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

 

 
Beta t(35) p-level 

2  0.70 8.90 0.000001 

9Q  -0.33 -4.17 0.0002 

6( 1)*F LUMO  -0.29 -3.76 0.0006 

  
Table 3: Squared correlation coefficients for the variables appearing in Eq. 2. 

 

 6( 1)*F LUMO  9Q  

9Q  0.03 1.00 

2  0.01 0.06 
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Figure 3: Observed vs. predicted values (Eq. 2) of log (IC50). Dashed lines denote the 95% confidence interval. 
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The SD value of Eq. 2 is high for our standards (0.31). On the other hand, Fig. 3 
clearly shows that there are many points located far from the 95% confidence interval. Now, 
if we examine the list of molecules, we can see that there is a group of them having 
aromatic substituents as R1 and R2 (molecules 1-14 and 38 in Table 1). To examine the 
possibility that one or both aromatic systems participate in the inhibitory process we 
generated the common skeleton B, shown in Fig. 4. All molecules having only phenyl 
substituents at R1 and R2 were included in this set. 
 

N

N

O

O N

1
2

3
4

5

6 7

8

9

10

11

12

13
14

15

16 17

18

1920

21

22 23

24

2526

A B

C

D

 
Figure 4. Common skeleton of N-benzoylindazole derivatives (CS-B). 

 
For this set the following statistically significant equation was obtained: 
 

50 11 6 16log( ) 49.08 87.37 5.02 ( 2)* 2.03 ( 1)*EIC S F HOMO F LUMO        (3) 

 
with n=12, R=0.94, R2=0.89, adj R2=0.84, F(3,8)=20.59 (p<0.0004)  and SD=0.27. No outliers 

were detected and no residuals fall outside the ±2σ limits. Here 
11

ES  is the total atomic 

nucleophilic superdelocalizability of atom 11, 6( 2)*F HOMO  is the Fukui index of the 

third highest occupied local MO localized on atom 6 and 16( 1)*F LUMO  is the Fukui index 

of the second lowest vacant local MO localized on atom 16. Tables 4 and 5 show, 
respectively, the beta coefficients, the results of the t-test for significance of coefficients 
and the matrix of squared correlation coefficients for the variables appearing in Eq. 3. Table 
4 shows that no significant internal correlations between independent variables exist. Figure 
5 displays the plot of observed vs. calculated values. The associated statistical parameters of 
Eq. 3 show that this equation is statistically significant and that the variation of a group of 
local atomic reactivity indices belonging to the type B common skeleton explains about 84% 
of the variation of the HNE inhibition. 
 

Table 4: Beta coefficients and t-test for significance of the coefficients in Eq. 3. 

 

 
Beta t(8) p-level 

11

ES  1.40 6.84 0.0001 

6( 2)*F HOMO  0.84 4.74 0.001 

16( 1)*F LUMO  -0.64 -3.10 0.01 
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Table 5: Squared correlation coefficients for the variables appearing in Eq. 3. 

 

 11

ES  6( 2)*F HOMO  

6( 2)*F HOMO  0.11 1.00 

16( 1)*F LUMO  0.34 0.12 
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Figure 5: Observed vs. predicted values (Eq. 3) of log (IC50). Dashed lines denote the 95% confidence interval. 

 
Also we carried out an extra LMRA including the orientational parameters for the 

substituents of the R2 phenyl ring but no statistically significant results were obtained. 
 

The last group of molecules is constituted by those having a non-aromatic 
substituent at R1 and an aromatic one at R2. The associated common skeleton, CS-C, is 
shown in Fig. 6. Molecules having an aromatic substituent at R2 that is not a phenyl ring 
were discarded. 
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Figure 6. Common skeleton of N-benzoylindazole derivatives (CS-C). 
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For this case we obtained the following statistically significant equation: 
 

50 2 20 3log( ) 67.11 2.62 ( 1)* 13.48 ( 1)* 654.02N EIC S LUMO S HOMO Q        (4) 

 
with n=18, R=0.96, R2=0.92, adj R2=0.91, F(3,14)=57.43 (p<0.000001)  and SD=0.17. No 

outliers were detected and no residuals fall outside the ±2σ limits. Here 3Q  is the net charge 

of atom 3, 
2 ( 1)*NS LUMO  is the orbital atomic nucleophilic superdelocalizability of the 

second local vacant MO localized on atom 2 and 
20( 1)*ES HOMO  is the orbital atomic 

electrophilic superdelocalizability of the second highest occupied local MO localized on 
atom 20. 
 

Tables 6 and 7 show, respectively, the beta coefficients, the results of the t-test for 
significance of coefficients and the matrix of squared correlation coefficients for the 
variables appearing in Eq. 4. Table 7 shows that no significant internal correlations between 
independent variables exist. Figure 7 displays the plot of observed vs. calculated values. The 
associated statistical parameters of Eq. 4 show that this equation is statistically significant 
and that the variation of a group of local atomic reactivity indices belonging to the C type 
common skeleton explains about 91% of the variation of the HNE inhibition. 
  

Table 6: Beta coefficients and t-test for significance of the coefficients in Eq. 4. 

 

 
Beta t(14) p-level 

2 ( 1)*NS LUMO  -0.70 -7.97 0.000001 

20( 1)*ES HOMO  0.57 6.79 0.000009 

3Q  0.42 4.27 0.0007 

 
Table 7: Squared correlation coefficients for the variables appearing in Eq. 4. 

 

 2 ( 1)*NS LUMO  3Q  

3Q  0.29 1.00 

20( 1)*ES HOMO  0.03 0.23 

 
In the analysis of other biological activities, we found that the elimination of the 

highest experimental values for the LRMA produced statistically significant equations. This 
was explained by suggesting that, within a given range of experimental values, there was 
only one mechanism of action and that higher values could reflect a change in the action 
mechanism, a saturation effect, or both. For this case a LMRA was carried out without 
including those molecules having log(IC50) > 0.9. No statistically significant results were 
obtained, suggesting that all molecules studied here have the same general action 
mechanism. 
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Figure 7: Observed vs. predicted values (Eq. 4) of log (IC50). Dashed lines denote the 95% confidence interval. 

 
DISCUSSION 

 
Molecular Electrostatic Potentials (MEP). 
 

If molecules exercise their inhibitory activities at the same site and through the same 
mechanism, we expect that their MEP’s should be similar for the recognition process to 
occur. Figure 8 displays the MEP of molecules 4, 15, 20 and 11 (see Table 1). 
 

 
 

Figure 8. MEP of molecules 4 (upper left), 15 (upper right), 20 (lower left) and 11 (lower right). The green 
isovalue surface corresponds to negative MEP values (-0.01) and the yellow isovalue surface to positive MEP 

values (0.01). 
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We can see that the structures are very different, preventing us even from making 
qualitative statements about MEP structure and inhibitory potency. Given that the R1 and R2 
substituents have conformational flexibility we can expect that in the experimental setup in 
which the measurements were carried out any given molecule will have a distribution of 
conformers and hence of MEPs. Some of these conformers may be active, but the 
experimental data used here do not allow us to identify the active ones. Perhaps the 
synthesis and testing of similar but conformationally restricted compounds can shed light on 
this problem. On the other hand, the MEP at a greater distance is a valuable tool for 
analyzing the process of guiding the molecule to its interaction site. Figure 8 shows the MEP 
of molecules 4, 15, 20 and 11 at a distance of 3.5 Å from the nuclei (see Table 1). 
 

 
Figure 9. MEP of molecules 4 (upper left), 15 (upper right), 20 (lower left) and 11 (lower right) at a distance 

of 3.5 Å from the nuclei. 

 
We can see that all these MEPs are similar in their general shape but not in the 

distribution of negative and positive MEP regions. Then, if MEPs are related to the guiding 
process, in this specific case we are not able to detect what general shape is adequate. This 
situation should appear only in large molecules with conformational flexibility, but this is the 
first time we find it so markedly. The origin of this can be directly tracked to the fact that all 
calculations are done for the fully optimized molecules in vacuo and that these 
conformations are not necessarily the active ones. In the future we envisage two lines of 
research to tackle this question. The first one is to fully optimize geometries in presence of a 
solvent (simulated or explicit). The second works only if and only if we have at least one fully 
conformationally restricted active molecule in the set analyzed. It consists in superimposing 
the molecules with conformational flexibility on the rigid one. 
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Molecular Orbitals and Local Molecular Orbitals. 
 

Here we shall discuss some aspects of MO localization on these molecules and 
introduce the concept of Local Molecular Orbitals (LMO). In large molecules, where two or 
more conjugated regions coexist, the frontier molecular orbitals (FMO, HOMO and LUMO) 
or other MOs can be localized in several different ways. Figure 10 shows the HOMOs of 
molecules 2, 3, 19 and 42. 
 

 
Figure 10. Localization of the molecular HOMO in molecules 2, 3, 19 and 42 (isovalue=0.02). 

 
We can see that in molecules 2 and 3 the HOMO is localized mainly on the R1 phenyl 

substituent and on the indazole fragment. In molecule 19 the HOMO is localized on the 
indazole fragment. Finally, in molecule 42 the HOMO is localized on the R2 phenyl ring. Now, 
let us suppose that the indazole fragment acts as an electron donor in a π-π stacking 
interaction (or, in general, with an electron-deficient area). In the case of molecules 2, 3 and 
19 this will occur through the molecular HOMO, but in the case of molecule 42 this process 
will take place through the highest occupied π MO that does not coincide with the 
molecular HOMO. More precisely, the highest occupied π MO of molecule 42 is the second 
highest occupied MO of this molecule (called HOMO-1). To represent these facts we have 
defined the following nomenclature. The highest occupied MO localized on one atom is 
called its local HOMO and is written as HOMO*. It may coincide or not with the molecular 
HOMO. The next occupied MO localized on an atom is called (HOMO-1)*, and so on. The 
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case of vacant MOs is similar: LUMO* designs the lowest vacant MO localized on an atom, 
(LUMO+2) the second lowest vacant MO localized on an atom, etc. This nomenclature is 
used below. Figure 11 shows the localization of the molecular LUMO in molecules 2, 3, 19 
and 42. 
 

 
Figure 11. Localization of the molecular LUMO in molecules 2, 3, 19 and 42 (isovalue=0.02). 

 
We can now see that the LUMO is localized on the indazole moiety in all four 

molecules. In the case of molecules 2, 3 and 42 the LUMO is also localized on several atoms 
of the R2 phenyl substituent. Using the nomenclature for local MOs we can see in Fig. 11 
that the (LUMO)* for any atom of the R1 phenyl substituent for the cases of molecules 2 and 
3 will not coincide with the molecular LUMO. 

 
Relationships between electronic structure and HNE inhibitory activity. 
 

Our results show that, for each common skeleton analyzed, the variation of log(IC50) 
is associated with the variation of the value of several local atomic reactivity indices located 
on them. In Eq. 2 we must add the orientational parameter of one substituent. 

 
The beta values (Tables 2, 4 and 6) show that the importance of variables within 

each equation is the following: 
 

Eq. 2: 2  > 9Q  > 6( 1)*F LUMO . 
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Eq. 3: 
11

ES  > 6( 2)*F HOMO  > ( 16( 1)*F LUMO ). 

Eq. 4: 
2 ( 1)*NS LUMO  > 

20( 1)*ES HOMO  > 3Q . 

 
Before proceeding to the analysis we must mention that, as we assumed that these 

molecules have a similar mechanism of action, the results obtained in Eqs. 2 to 4 must not 
be contradictory. 

 
A variable-by-variable analysis of Eq. 2 indicates that a high inhibitory capacity is 

associated with a small value for 2 , a negative value for 9Q  and a high value for

6( 1)*F LUMO . A small value for 2 , a strictly geometrical parameter, suggests that an 

aromatic moiety smaller than a phenyl group, such as a thienyl substituent, will be optimal 
as ring D. A negative value for the net charge of atom 9 (a nitrogen atom in ring B) is 
normally present in the molecules studied here. The question is only what to do to raise its 
negative value. The appearance of a net charge suggests an electrostatic interaction with a 

center located in the partner. A high value for 6( 1)*F LUMO  suggests that atom 6 

(belonging to rings A and B) interacts with an electron-rich area of the site. This interaction 
occurs through its local LUMO* and (LUMO+1)*. Both MOs are of π nature in all molecules. 
A variable-by-variable analysis of Eq. 3 indicates that a high inhibitory capacity is associated 

with a small value for 6( 2)*F HOMO  and high values for 
11

ES  and 16( 1)*F LUMO . A high 

value for 
11

ES  suggests that atom 11 is strongly interacting with an electron-acceptor site. Let 

us remember that a total atomic electrophilic superdelocalizability is a summation over all 

occupied MOs of terms with the form ( )*/ ( )i r rF MO E MO , where E(MOr) is the eigenvalue 

associated to the r-th MO. The most important terms of this summation are the ones 
corresponding to the first occupied MOs. This fact points to a directional interaction, such as 
a hydrogen bonding with the partner.  The local (HOMO-2)6

* is of π nature in some 
molecules and of σ nature in others. As Eq. 2 suggests that atom 6 is interacts with an 
electron-rich center, so that a low value for the electron populations of the local (HOMO-2)* 
of atom 6, especially of those of σ nature, will facilitate the interaction. In Table 8 we 
present the Fukui indices and nature of the three highest occupied and two lowest vacant 
local MOs of atom 6 in some molecules. 
 

Table 8: Fukui indices and nature of some local MOs of atom 6. 

 

Molecule (HOMO-2)* (HOMO-1)* HOMO* LUMO* (LUMO+1)* 

1 0.09 (π) 0.26 (π) 0.01 (π) 0.05 (π) 0.10 (π) 

6 0.27 (π) 0.07 (π) 0.01 (π) 0.04 (π) 0.10 (π) 

17 0.04 (π) 0.02 (π) 0.44 (π) 0.05 (π) 0.04 (π) 

36 0.20 (π) 0.23 (π) 0.01 (π) 0.02 (π) 0.02 (π) 

42 0.03 (σ) 0.31 (π) 0.12 (π) 0.02 (π) 0.35 (π) 

 

We can see that not all the molecules have a high value of 6( 1)*F LUMO  and that 

6( )*F LUMO  is low in all of them. With this information we may say that the main 

component of the interaction of atom 6 with an electron-rich counterpart is its (LUMO+1)*. 
On the other hand, we expect that the electron populations of the HOMO* and (HOMO-1)* 
should be low to minimize the repulsive interaction between the occupied MOs of atom 6 
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and the site. We may see in Table 8 that only molecule 17 fulfills this condition and also the 
condition of a low electron population at the (HOMO-2)* level. The condition of a high value 

for 
16( 1)*F LUMO  must be considered with caution due to its low p-value (Table 4). The 

two lowest vacant MOs of atom 16 are of π nature. Then, we may suggest that atom 16 is 
interacting with an electron-rich area of the partner. Note that atom 16 belongs to ring C 
(see Fig. 4) that is not common to all the molecules analyzed here. Therefore it is possible to 
suggest the existence of an extra site available to some but not all inhibitors. 

 
A variable-by-variable analysis of Eq. 4 indicates that a high inhibitory capacity is 

associated with small values for
2 ( 1)*NS LUMO , a negative value for 3Q  and a high value 

for
20( 1)*ES HOMO . In all molecules the net charge of atom 3, 3Q , has a negative value. The 

challenge is to try substituents enhancing this negative value while maintaining the negative 
charge of atom 9 and without altering the MO’s nature and localization on atom 6. Atom 3 
seems to interact electrostatically with a positive center of the partner.  A high value for 

20( 1)*ES HOMO  indicates that atom 20 (belonging to ring D, Fig. 4) might be interacting 

with an electron-deficient center of the partner through its two highest occupied MOs (both 

MOs are of π nature). The analysis of 
2 ( 1)*NS LUMO  is still a complex problem due to the 

fact that the (LUMO+1)* associated eigenvalue is negative, a usual problem found in DFT 

and Hartree-Fock calculations. The requirement is that 
2 ( 1)*NS LUMO  be numerically 

small. We can obtain this result by diminishing the electron population of this MO, by 
further lowering the associated negative eigenvalue (the (LUMO+1)* approaches the 
LUMO*) or by both manipulations. Within this approach we may interpret this requirement 
by suggesting that atom 2 is interacting with an electron-rich center located in the partner. 
Let us suppose now that the associated eigenvalue is positive. In this case the requirement 

is that 
2 ( 1)*NS LUMO  should have a high value.  This can be obtained by lowering the 

electron population of this MO, by lowering the associated positive eigenvalue (also the 
(LUMO+1)* approaches the LUMO*) or in both ways simultaneously. Then, this 
interpretation seems to be correct.  

 
All the suggestions resulting from the above results are depicted in the partial two-

dimensional (2D) inhibition pharmacophore depicted in Fig. 12. 
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Figure 12. Partial 2D pharmacophore for the inhibition of HNE by N-benzoylindazole derivatives. 
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It is important to mention that we use the term “partial” for the pharmacophore 
because the information that it includes is not necessarily complete. For example, when we 
suggest that atom 20 is interacting with an electron-deficient area, we cannot determine if 
this atom interacts directly with an atom of the partner on its own, or if it is engaged 
together with other atoms of its ring in a π-π stacking interaction. The resulting equations 
show that the inhibition process has a high degree of orbital control [78]. This implies that 
this inhibition has a very high degree of specificity resulting from a long evolutionary process 
leading to the protection of living systems from their chemical environment. 

 
CONCLUSIONS 

 
Good quality quantitative structure-activity relationships were obtained for the 

inhibition of human neutrophil elastase by N-benzoylindazole derivatives. The process has a 
high degree of orbital control. An extra site, not avaliable for all molecules, was detected. A 
putative 2D inhibition pharmacophore is proposed. 
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