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ABSTRACT 
 
Here we present the results of the search for relationships between electronic structure and two biological activities 
of a group of 1,7-bis-(aminoalkyl)diazachrysene derivatives: the  percentages of inhibition of the Botulinum 
neurotoxin serotype A light chain and the antimalarial activity against three P. falciparum strains. In the case of 
inhibition of the Botulinum neurotoxin serotype A light chain the results show that the aromatic system is involved in 
the inhibitory process. There is indirect evidence that one or both side chains could participate in the inhibitory 
process. In the case of antimalarial activity, the side chains and the aromatic system participate in the process. The 
antimalarial mechanisms seem to be the same for the three strains. Some suggestions are made to modify these 
compounds to enhance both activities. 
 
Keywords: QSAR, Botulinum neurotoxin, bioweapons, antimalarial agents, SAR, electronic structure. 
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INTRODUCTION 
 
Some time ago and regarding structure-activity relationships of cannabinoids, Reggio pointed out that “traditionally, 
cannabinoid SARs have been focused almost entirely on the independent contribution of certain structural groups 
(‘functional groups’) of the molecules These SARs have been compiled into extensive ‘lists of requirements’. This 
type of approach in SAR studies often assumes the following: that functional groups must react directly with specific 
sites in the receptor, that modification of one group does not affect the reactivity of another, and that geometric and 
stereometric factors, such as distance and spatial relationships between functional groups, are all important. Such 
focus on isolated aspects of the cannabinoids ignores the fact that the molecular properties that are directly 
responsible for the molecular interactions (that lead to the pharmacological effect) are encoded in the entire 
molecular structure” (see inside [1]). This statement is still fully valid. 
 
Thus, and from the above perspective, one of the most interesting problems in Quantum Pharmacology is the study 
of molecules exerting different biological effects on diverse systems. For example, adenofovir dipivoxil acts on the 
anthrax edema factor and is also employed in chronic hepatitis B viral infection. Another example is miltefosine, 
used to treat visceral leishmaniasis and breast cancer. The fundamental question to answer is if such different 
biological activities can be attributed to the same area, to separate areas or to partially overlapping areas of the 
molecule. When there are enough experimental data measuring the different activities, it is possible to carry out a 
study to provide information allowing a partial or a full answer to this question. 
 
In this paper we present such an analysis for a group 1,7-bis-(aminoalkyl)diazachrysene derivatives acting as 
inhibitors of the Botulinum neurotoxin serotype A light chain, three P. falcifarum malaria strains and the Ebola 
filovirus [2]. Malaria and botulism are too well known as health problems to describe them here; therefore we refer 
the reader to the literature [3-18].  
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MATERIALS AND METHODS 
 

Methods. 
The method employed here has been widely explained, discussed and applied in several papers [19-52]. Here we 
present a standard summary that has been employed in the same form in other publications [44-52]. 
 
It is proposed that the logarithm of any biological activity, BA, can be expressed as the following linear function of 
several local atomic reactivity indices (LARIs): 
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Table 1 presents, in the standard form used in other publications, the physical interpretation and units of the LARIs, 
together with references corresponding to their first historical use [40, 53, 54]. The nomenclature employed 
hereafter is the following. HOMOj* is the highest occupied molecular orbital localized on atom j and LUMOj* is the 
lowest empty molecular orbital (MO) localized on atom j. They are called the local atomic frontier MOs. The 
molecular MOs do not carry an asterisk.  
 

Table 1. LARIs and their physical meaning. 
 

LARI Name Physical interpretation Units 
Qi Net atomic charge of atom i Electrostatic interaction [53] e 

E
iS

 

Total atomic electrophilic 
superdelocalizability of atom i 

Total atomic electron-donating 
capacity of atom i 
(MO-MO interaction) [54] 

e/eV 

N
iS

 

Total atomic nucleophilic 
superdelocalizability of atom i 

Total atomic electron-accepting 
capacity of atom i 
(MO-MO interaction) [54] 

e/eV 

( )E
iS m

 

Orbital atomic electrophilic 
superdelocalizability of atom i and 
occupied MO m 

Electron-donating capacity 
of atom i at occupied MO m 
(MO-MO interaction) [54] 

e/eV 

( ')N
iS m

 

Orbital atomic nucleophilic 
superdelocalizability of atom i and 
empty MO m’ 

Electron-accepting capacity 
of atom i at vacant MO m’ 
(MO-MO interaction) [54] 

e/eV 

Fi Fukui index of atom i Total electron population of atom i 
(MO-MO interaction) [54] 

e 

Fmi Fukui index of atom i and 
occupied MO m. 

Electron population of occupied m MO at atom i 
(MO-MO interaction) [54] 

e 

Fm’i Fukui index of atom i and 
empty MO m’ 

Electron population of vacant MO 
m’ at atom i 
(MO-MO interaction) [54] 

e 

iµ
 

Local atomic electronic 
chemical potential of atom i 

Propensity of atom i to gain or 
lose electrons.  
HOMOi*-LUMO i* midpoint [40] 

eV 

iη
 

Local atomic hardness of atom i Resistance of atom i to exchange 
electrons with the environment [40] 
HOMOi*-LUMO i* gap  

eV 

iς
 

Local atomic softness of atom i 
The inverse of iη

 [40] 
1/eV 

iω
 

Local atomic electrophilicity 
of atom i 

Tendency of atom i to receive 
extra electronic charge together with its resistance to exchange charge with 
the medium  

eV 

max
iQ

 

Local atomic charge capacity Maximal amount of electronic charge atom i may receive [40] --- 

Ot Orientational Parameter of the 
substituent 

A parameter influencing the fraction of molecules attaining the correct 
orientation to interact with a partner [27, 30] 

uma·Å2 

 
Selection of the experimental data 
The biological activities selected for this study are the percentage of inhibition of BoNT/A LC (BO hereafter) 
calculated at a 20 µM concentration and the in vitro antimalarial activity measured for a P. falciparum clone of the 
Sierra I/UNC isolate (D6), a P. falciparum clone of the Indochina I isolate (W2) and a P. falciparum clone of a 
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South-East Asian isolate strain (Thailand, C235) [2]. The molecules and their biological activities are displayed in 
Fig. 1 and Table 2. Cytotoxicity (CT) results were also included in this study. Experimental results concerning the in 
vitro inhibition of Ebola filovirus were not included because of the lack of sufficient experimental data. 
 

N

N

R2R1N(CH2)nNH

NH(CH2)nNR1R2

 
 

Figure 1. General formula of 1,7-bis-(aminoalkyl)diazachrysene derivatives. 
 

Table 2.  Selected molecules and their biological activities. 
 

Mol. R1 R2 n log(CT) log(BT) log(IC50) 
D6 

log(IC50) 
W2 

log(IC50) 
C235 

1 Et Et 3 3.06 1.81 1.48 0.94 1.82 
2 H H 4 --- 1.86 --- --- --- 
3 H H 3 3.33 1.85 2.85 3.23 3.31 
4 H H 2 3.72 1.80 2.43 2.94 3.01 
5 Me Me 3 3.00 1.84 2.01 2.55 1.74 
6 Me Me 2 3.41 1.76 1.19 0.96 1.18 
7 Et Et 2 3.97 1.74 0.78 0.54 0.52 
8 -(CH2)4-  3 2.65 1.87 1.17 0.89 1.54 
9 -(CH2)4-  2 3.69 1.78 1.22 0.91 1.41 
10 -(CH2)5-  3 3.17 1.82 0.97 0.84 1.40 
11 -(CH2)5-  2 3.27 1.80 0.94 0.74 1.02 
12 (CH2CH2)2O  3 3.87 1.75 0.72 0.30 0.91 
13 (CH2CH2)2O  2 4.01 1.59 0.77 0.79 0.99 

 
Calculations 
The electronic structure of the molecules was obtained within the DFT framework at the B3LYP/6-31g(d,p) level 
with full geometry optimization. It is important to mention that the full geometry optimization was carried out with 
the option ‘ignore symmetry` that may produce local minima. The Gaussian suite of programs was employed [55]. 
The values of the LARIs were obtained with the D-CENT-QSAR software [56]. Mulliken Population Analysis 
results were corrected to eliminate negative electron populations and MO populations greater than 2 [57]. 
Orientational parameters were calculated as usual [27, 30]. Considering that it is not possible to solve the system of 
linear equations because there are not enough cases (molecules), we employed Linear Multiple Regression Analysis 
(LMRA) to discover which atoms are implicated in the variation of the BA. We worked with the premise that there 
is a set of atoms common to all the molecules studied (the common skeleton), encoding the variation of the 
biological activity throughout the series. Then, it is the variation of the values of some local atomic reactivity indices 
of some atoms of the common skeleton that accounts for the variation of the inhibition of the BA throughout the 
series analyzed. The role of the substituents is to modify the electronic structure of the common skeleton and to 
control the precise alignment of the common skeleton with its partner. For the LMRA, we built separate matrices 
containing the logarithm of the dependent variable (the selected BA in each case) and the local atomic reactivity 
indices of the atoms of the common skeleton as independent variables. The Statistica software was used [58]. The 
common skeleton numbering is shown in Fig. 2. It is important to mention that, as the side chains are of different 
lengths, we have incorporated into the common skeleton the N-C-C fragment directly attached to the aromatic 
system plus the nitrogen atom at the end of the chain. 
 
 



Juan S. Gómez-Jeria                                        J. Comput. Methods Mol. Des., 2014, 4 (2):32-44  
______________________________________________________________________________ 

35 
Available online at www.scholarsresearchlibrary.com 

N

N

N---C-C-N

N-C-C----N

1
2

3
6

5
4

7
10

8

9

11
12
13

14
15
1617

18

19

20

2122

2324 25 26

27 28

 
 

Figure 2. Common skeleton of 1,7-bis-(aminoalkyl)diazachrysene derivatives. 
 

RESULTS 
 

Analysis of the correlation between experimental results. 
Table 3 shows the squared correlation coefficients for the experimentally reported values of biological activities. 
 

Table 3: Squared correlation coefficients of the experimental values. 
 

 log(CT) log(BO) log(IC50) D6 log(IC50) W2 
log(BO) 0.61 1.00   
log(IC50) D6 0.06 0.25 1.00  
log(IC50) W2 0.03 0.16 0.94 1.00 
log(IC50) C235 0.06 0.23 0.90 0.81 

 
We can see that there is a high degree of correlation between the log(IC50) values for the three P. falciparum strains. 
Given the similarity of these three biological systems we can expect that, if the mechanism of action is similar, we 
shall obtain very similar or identical results in the LMRA. 
 
Results for BoNT/A LC inhibition 
For the BoNT/a LC % inhibition we obtained the following statistically significant equation: 
 

15 4 16log( ) 5.10 15.95 ( 2)* 0.033 ( 1)* 0.85 ( 2)*N EBO F LUMO S LUMO S HOMO= − + − + − −  (2) 

 
with n=12, R=0.98, R2=0.95, adj R2=0.94, F(3,9)=62.49 (p<0.000001)  and SD=0.02. No outliers were detected and 

no residuals fall outside the ±2.0025σ limits. Here 15( 2)*F LUMO +  is the Fukui index (electron population) of 

the third vacant local MO localized on atom 15, 4 ( 1)*NS LUMO+  is the orbital nucleophilic superdelocalizability 

of the second vacant local MO localized on atom 4 and 16( 2)*ES HOMO−  is the orbital electrophilic 

superdelocalizability of the third highest occupied 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. 2. Table 5 shows that there are no significant internal correlations 
between independent variables. Figure 3 shows 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 common skeleton explains about 94% of the variation of the BoNT/A LC 
inhibition percentage. 
 

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

 Beta t(9) p-level 

15( 2)*F LUMO +  
-0.93 -12.42 <0.000001 

4 ( 1)*NS LUMO+  
-0.46 -5.98 <0.0002 

16( 2)*ES HOMO−  
-0.23 -3.03 <0.014 
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Table 5: Squared correlation coefficients for the variables appearing in Eq. 2. 
 

 
15( 2)*F LUMO +  

4 ( 1)*NS LUMO+  

4 ( 1)*NS LUMO+  
0.05 1.00 

16( 2)*ES HOMO−  
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Figure 3: Plot of observed versus predicted values (Eq. 2) of log(BO). Dashed lines denote the 95% confidence interval. 
 
Results for the in vitro antimalarial activity against the D6 strain. 
For the antimalarial activity against the D6 strain we obtained the following statistically significant equation: 
 

50 13 28log( ) 0.36 4.33 ( 1)* 22.53 ( 1)*NIC S LUMO F LUMO= − + − +    (3) 

with n=13, R=0.97, R2=0.94, adj R2=0.92, F(2,9)=67.20 (p<0.000001)  and SD=0.19. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here 13( 1)*NS LUMO+ is the orbital nucleophilic superdelocalizability of 

the second vacant local MO localized on atom 13 and 28( 1)*F LUMO+ is the Fukui index of the second vacant 

local MO localized on atom 28. Table 6 shows the beta coefficients and the results of the t-test for significance of 

coefficients for the variables appearing in Eq. 2. Concerning independent variables, r2( 13( 1)*NS LUMO+  

, 28( 1)*F LUMO+ )=0.18 shows that there is no significant internal correlation. Figure 4 shows 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 common skeleton 
explains about 92% of the variation of the antimalarial activity against the D6 strain. 
 

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

 Beta t(9) p-level 

13( 1)*NS LUMO+  
-1.06 -11.54 <0.00001 

28( 1)*F LUMO+  
-0.36 -3.90 <0.004 
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Figure 4: Plot of observed versus predicted values (Eq. 4) of log(IC50). Dashed lines denote the 95% confidence interval. 

 
Results for the in vitro antimalarial activity against the W2 strain. 
For the antimalarial activity against the W2 strain we obtained the following statistically significant equation: 

50 13 28 22log( ) 0.38 6.01 ( 1)* 40.72 ( 1)* 17.17 ( 1)*NIC S LUMO F LUMO F LUMO= − − + − + + + (4) 

 
 with n=13, R=0.98, R2=0.96, adj R2=0.95, F(3,8)=64.20 (p<0.00001)  and SD=0.23. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here 22( 1)*F LUMO+  is the Fukui index of the second vacant local MO 

localized on atom 22. The other two local atomic reactivity indices have the same meaning than in Eq. 3. Tables 7 
and 8 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 8 shows that there are no significant 
internal correlations. Figure 5 shows 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 common skeleton explains about 95% of the variation of the antimalarial activity against the 
W2 strain. 
 

Table 7: Beta coefficients and t-test for significance of the coefficients in Eq. 4. 
 

 Beta t(8) p-level 

13( 1)*NS LUMO+  
-1.03 -13.22 <0.000001 

28( 1)*F LUMO+  
-0.45 -5.83 <0.0004 

22( 1)*F LUMO+  
0.24 3.40 <0.009 

 
Table 8: Squared correlation coefficients for the variables appearing in Eq. 4. 

 
 

13( 1)*NS LUMO+  28( 1)*F LUMO+  

28( 1)*F LUMO+  
0.18 1.00 

22( 1)*F LUMO+  
0.004 0.0004 
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Figure 5: Plot of observed versus predicted values (Eq. 4) of log(IC50). Dashed lines denote the 95% confidence interval. 
 
Results for the in vitro antimalarial activity against the C235 strain. 
For the antimalarial activity against the C235 strain we obtained the following statistically significant equation: 
 

50 13 24log( ) 2.07 2.72 ( 1)* 5.84NIC S LUMO Q= − − + −    (5) 

 
with n=13, R=0.96, R2=0.93, adj R2=0.91, F(2,9)=59.87 (p<0.00001)  and SD=0.24. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here 24Q  is the net charge of atom 24. Table 6 shows the beta coefficients 

and the results of the t-test for significance of coefficients for the variables appearing in Eq. 5. On the subject of 

independent variables, r2( 13( 1)*NS LUMO+ , 24Q )=0.17 shows that there is no significant internal correlation. 

Figure 6 shows the plot of observed vs. calculated values. The associated statistical parameters of Eq. 5 show that 
this equation is statistically significant and that the variation of a group of local atomic reactivity indices belonging 
to the common skeleton explains about 91% of the variation of the antimalarial activity against the C235 strain. 
 

Table 9: Beta coefficients and t-test for significance of the coefficients in Eq. 5. 
 

 Beta t(9) p-level 

13( 1)*NS LUMO+  
-0.57 -4.95 <0.0008 

24Q  
-0.50 -4.31 <0.002 
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Figure 6: Plot of observed versus predicted values (Eq. 5) of log(IC50). Dashed lines denote the 95% confidence interval. 
 
No statistically significant equation was obtained for the relationship between electronic structure and cytotoxicity. 
 

DISCUSSION 
 

 
 

Figure 7. MEP of molecules 2 (upper left), 3 (upper right), 9 (lower left) and 11 (lower right) at 3.5 Å of the nuclei. 
 
Conformational aspects and Molecular Electrostatic Potential 
Several side chains of the systems studied here have a large enough degree of conformational freedom to allow a 
suggestion of what their orientation could be at the moment of the interaction that produces their biological action. 
To get an idea about what local minima exist, a study should be made starting from the fully optimized geometry 
and exploring only the surface available up to 7 kcal/mole [26]. Nevertheless, as we shall see below, some results 



Juan S. Gómez-Jeria                                        J. Comput. Methods Mol. Des., 2014, 4 (2):32-44  
______________________________________________________________________________ 

40 
Available online at www.scholarsresearchlibrary.com 

allow us to impose some conformational restrictions on the side chains. Some examples of the influence of the 
position of the side chains on the structure of the Molecular Electrostatic Potential (MEP) are shown in Figure 7. 
 
We can see that the MEPs are enough different to allow a suggestion of what conformation might be adopted in the 
earlier stages of the recognition and guiding process. 
 
BoNT/A LC Inhibition . 

Table 4 indicates that the importance of the variables is 15( 2)*F LUMO +  > 4 ( 1)*NS LUMO+  

> 16( 2)*ES HOMO− . A Variable-by-Variable (VbV) analysis of Eq. 2 indicates that a high BoNT/A LC 

percentage of inhibition is associated with a low value of 15( 2)*F LUMO +  and with high values of 

16( 2)*ES HOMO−  and 4 ( 1)*NS LUMO+ . A low value of 15( 2)*F LUMO +  can be obtained only by 

lowering its electron population. If we consider that 15( )*F LUMO , 15( 1)*F LUMO +  and 15( 2)*F LUMO +  

are of π nature, a consistent interpretation if that atom 15 is interacting with an electron-rich center through 

15( )*F LUMO  and 15( 1)*F LUMO + , while 15( 2)*F LUMO +  seems to hinder the interaction through a 

repulsive interaction with σ MOs located on the partner. It is worth remembering that 15( )*F LUMO  and 

15( 1)*F LUMO +  do not appear in Eq. 2 because their variation is not statistically significant (i.e., they are 

constants). A high value of 16( 2)*ES HOMO−  indicates that atom 16 is interacting with an electron-deficient 

center through its two highest local occupied MOs. A high value of 4 ( 1)*NS LUMO+ , a π MO, suggests that atom 

4 is interacting with an electron-rich center through its two lowest vacant MOs. The corresponding two-dimensional 
(2D) partial pharmacophore is shown in Fig. 8. 
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Figure 8. Partial 2D pharmacophore for the BoNT/A LC inhibition percentage. 
 
These results clearly show that the aromatic system is involved in the inhibitory process. Moreover, considering that 
atom 15 is interacting with an electron-rich center while its neighbor atom 16 interacts with an electron-deficient 
center, part of or the entire ring to which they belong might be interacting with an aromatic moiety through π-π 
stacking. Regarding the side chains, our results do not allow us to make any definitive statement about their role. 
Nevertheless, our local atomic reactivity indices may help in the following way. Burnett, Bavari et al. suggested that 
an “unfavorable hydrophobic-polar or polar-polar contact between one (or both) of the morpholine rings (12 and 13 
in Table 2) and an enzyme residue(s) is occurring in the BoNT/A LC binding site” [2]. This hypothesis is sustained 
by the fact that molecule 10, which has a ring composed only of saturated carbon atoms, is more potent. Figure 9 
shows the local atomic hardnesses of the piperidine and morpholine substituents of molecules 10 and 12. 
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Figure 9. Local atomic hardnesses (eV) of the atoms of the end substituents of side chains in molecules 10 (left) and 12 (right). 
 
We can see that the four carbon atoms of the morpholine substituent have about equal or greater hardness than their 
piperidine equivalents. Nevertheless, in the morpholine substituent the oxygen atom has a noticeably lesser hardness 
(7.9 eV) that its carbon atom equivalent (12 eV) in the piperidine substituent. Therefore we may state confidently 
that the piperidine substituent is more prone to interact with apolar sites than morpholine. A more likely hypothesis 
is that the lone pairs of the oxygen atom on the morpholine substituent are the cause of the lowering of activity. 
Figure 10 shows the MEP map of the piperidine substituent of molecule 10 (left) and the morpholine substituent of 
molecule 12 (right). 
 

 
 

Figure 10. MEP map of the piperidine substituent of molecule 10 (left) and the morpholine substituent of molecule 12 (right). 
 

We can see that the MEP of the piperidine group has a positive area (in blue) around its end while in the equivalent 
area in the morpholine group the MEP is negative (in red and yellow). This is a direct effect of the lone pairs of the 
oxygen atom. As molecule 12 is active and we have a distribution of side chain conformations close to the active 
site, it is possible that only a few present a positive MEP area pointing to the active site. Then the methylene group 
located at the end of the piperidine substituent is a good target to investigate (by substituting a H atom by alkyl 
groups). This is also indirect evidence that one or both side chains participate in the inhibitory process. 
 
In vitro antimalarial activity. 
It was suggested that these molecules act by blocking the formation of β-hematin, like 4-amino-7-chloroquinoline-
based antimalarial compounds [2]. This causes an increase of toxic heme within the parasite’s food vacuole and its 

subsequent death. We may appreciate that Eqs. 3, 4 and 5 have 13( 1)*NS LUMO+  as a common component and 

that Eqs. 3 and 4 have also 28( 1)*F LUMO+  as a common component. Given the high correlation between the 

experimental data (see Table 3) we shall work within the hypothesis that the inhibitory mechanism is the same for 
all three malaria strains. This guess is supported by the facts that, for good antimalarial activity, the requirement of a 

low value of 13( 1)*NS LUMO+  holds for Eqs. 3 to 5 and the condition for a high value of 

28( 1)*F LUMO+ holds for Eqs. 3 and 4. These requirements indicate that atom 13 interacts with an electron-rich 

center through its local LUMO* and that atom 28 also interacts with an electron-rich center through its two lowest 
local vacant MOs. Given the position of atom 13 within the molecule, it is highly probable that it interacts through 
π-π stacking. Atom 28 is the nitrogen atom located at the end of one of the chains (see Fig. 2). As Fig. 11 shows, the 
two lowest local vacant MOs of atom 28 are of σ nature (maybe with an n component).  
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Figure 11. The two lowest vacant local MOs of molecules 2 (upper) and 3 (lower). Atom 28 is located at the far left of the figures. 
 

A low value for 22( 1)*F LUMO+  is associated with high antimalarial activity. Atom 22 is a carbon atom 

belonging to the other side chain (See Fig. 2). For this case we suggest that atom 22 lies close to an electron-rich 
center of its partner. Atom 24 is the nitrogen atom belonging to the same side chain as atom 22 (Fig. 2) and usually 
has a negative net charge. As a positive net charge on atom 24 is required for good antimalarial activity, the ideal 
situation would be that the N atom should have the lowest possible negative charge. For example, in the morpholine 
substituent of molecules 12 and 13 atom 24 has a diminished negative net charge. Therefore atom 24 could be a 
possible target for modifications leading to enhanced antimalarial activity. Figure 12 shows the corresponding 
partial 2D pharmacophore for antimalarial activity. Finally, the nature of the suggested electron-rich areas 
interacting with the side chains cannot be elucidated for the moment. 
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Figure 12. Partial 2D pharmacophore for antimalarial activity. 
 
From these results it seems highly likely that the aromatic ring and both side chains are essential for antimalarial 
activity in this kind of compounds. Besides the possible modifications to atom 28 to reduce its negative net charge, 
another point to explore by medicinal chemists is the detection of the optimal length and the active conformation (or 
conformations) of the side chains. Note the important fact that we have assumed that the terminal N atom of the side 
chains is equivalent in all molecules despite the differences in the length of the side chain.  Finally, note that the 
variation of all biological activities studied here is orbital-controlled [59]. 
 

CONCLUSION 
 

We obtained good statistically significant relationships relating electronic structure with the percentage of BoNT/A 
LC inhibition and the antimalarial activity for a group of 1,7-bis-(aminoalkyl)diazachrysene derivatives. For the 
BoNT/A LC percentage of inhibition there is indirect evidence supporting the interaction of one or both side chains 
with the site. In the case of antimalarial activity both side chains seem to participate in the inhibitory process. The 
biological activities are highly orbital-controlled, as a result of the long evolutionary process of living beings. We 
suggest some atomic targets to improve the antimalarial activity. 
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