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ABSTRACT

Here we present the results of the search for i@ships between electronic structure and two lgjaal activities
of a group of 1,7-bis-(aminoalkyl)diazachrysene iwhgives: the percentages of inhibition of the Wioum
neurotoxin serotype A light chain and the antimalhactivity against three P. falciparum strains the case of
inhibition of the Botulinum neurotoxin serotypeidght chain the results show that the aromatic sysiginvolved in
the inhibitory process. There is indirect evidertisat one or both side chains could participate le inhibitory
process. In the case of antimalarial activity, 8ide chains and the aromatic system participatdh@process. The
antimalarial mechanisms seem to be the same fothe® strains. Some suggestions are made to mttike
compounds to enhance both activities.

Keywords: QSAR, Botulinum neurotoxin, bioweapons, antimalasgents, SAR, electronic structure.

INTRODUCTION

Some time ago and regarding structure-activityti@iahips of cannabinoids, Reggio pointed out ttratitionally,
cannabinoid SARs have been focused almost entinelthe independent contribution of certain strugt@roups
(‘functional groups’) of the moleculeBhese SARs have been compiled into extensive dfisequirements’. This
type of approach in SAR studies often assumeslibeing: that functional groups must react dirgctlith specific
sites in the receptor, that modification of onegyaloes not affect the reactivity of another, amat geometric and
stereometric factors, such as distance and spagilationships between functional groups, are alpartant. Such
focus on isolated aspects of the cannabinoids igmdhe fact that the molecular properties that dieectly
responsible for the molecular interactiorighat lead to the pharmacological effeatle encoded in the entire
molecular structuré(see inside [1]). This statement is still fullphd.

Thus, and from the above perspective, one of thet interesting problems in Quantum Pharmacolodiiésstudy
of molecules exerting different biological effecis diverse systems. For example, adenofovir dipiaots on the
anthrax edema factor and is also employed in chrbapatitis B viral infection. Another example idltefosine,

used to treat visceral leishmaniasis and breastecaThe fundamental question to answer is if sdifferent

biological activities can be attributed to the saanea, to separate areas or to partially overlgppieas of the
molecule. When there are enough experimental detsuning the different activities, it is possibbecarry out a
study to provide information allowing a partialafull answer to this question.

In this paper we present such an analysis for aipyrb,7-bis-(aminoalkyl)diazachrysene derivativetingc as
inhibitors of the Botulinum neurotoxin serotype ight chain, threeP. falcifarum malaria strains and the Ebola
filovirus [2]. Malaria and botulism are too well &wn as health problems to describe them here;fhrerave refer
the reader to the literature [3-18].
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MATERIALS AND METHODS

Methods.
The method employed here has been widely explaitisdussed and applied in several papers [19-52ie ke
present a standard summary that has been employkd same form in other publications [44-52].

It is proposed that the logarithm of any biologiaativity, BA, can be expressed as the followimgedr function of
several local atomic reactivity indices (LARIS):

Iog(BA)=a+Z[ejq+ f$+ ls,]§]+
+Y Y[ MEM+ x(m SCH+X [ ¢k o ¢ n'g

94 +k +9a + 26 + W]+ O
1 o ey

Table 1 presents, in the standard form used irr gthielications, the physical interpretation andtsiof the LARIS,
together with references corresponding to theist finistorical use [40, 53, 54]. The nomenclaturepleyed
hereafter is the following. HOM®is the highest occupied molecular orbital locetizon atom j and LUMPis the
lowest empty molecular orbital (MO) localized oromatj. They are called the local atomic frontier MO$e
molecular MOs do not carry an asterisk.

Table 1. LARIs and their physical meaning.

LARI Name Physical interpretation Units
Q Net atomic charge of atom i Electrostatic intamc{53] e
E Total atomic electrophilic Total atomic electron-donating eleV
S superdelocalizability of atom i capacity of atom i
(MO-MO interaction) [54]
N Total atomic nucleophilic Total atomic electron-accepting eleV
S superdelocalizability of atom i capacity of atom i
(MO-MO interaction) [54]
E Orbital atomic electrophilic Electron-donating capacity eleV
S ( n) superdelocalizability of atom i angd of atomiat occupied MO m
occupied MO m (MO-MQO interaction) [54]
N m Orbital atomic nucleophilic Electron-accepting capacity eleV
S ( ) superdelocalizability of atom i angd of atomiat vacant MO m’
empty MO m’ (MO-MO interaction) [54]
F Fukui index of atom i Total electron populationaddm i e
(MO-MO interaction) [54]
Fmi Fukui index of atom i and Electron population of occupied m MO at atom i e
occupied MO m. (MO-MO interaction) [54]
Fovi Fukui index of atom i and Electron population of vacant MO e
empty MO m’ m’ at atom i
(MO-MO interaction) [54]
Local atomic electronic Propensity of atom i to gain or eV
'ui chemical potential of atom i lose electrons.
HOMO*-LUMO * midpoint [40]
Local atomic hardness of atom i Resistance of atmmexchange eV
,7i electrons with the environment [40]
HOMO*-LUMO * gap
C Local atomic softness of atom i 1/eV
! The inverse 0(7 ' [40]
Local atomic electrophilicity Tendency of atom i to receive eV
a{ of atom i extra electronic charge together with its resistaiocexchange charge with
the medium
Qmax Local atomic charge capacity Maximal amount of ietatic charge atom i may receive [40] -—-
|
O Orientational Parameter of tHeA parameter influencing the fraction of moleculesaiaing the correc uma-&
substituent orientation to interact with a partner [27, 30]

Selection of the experimental data

The biological activities selected for this studg dahe percentage of inhibition of BONT/A LC (BOrbafter)
calculated at a 2(0M concentration and thi@ vitro antimalarial activity measured forRa falciparumclone of the
Sierra I/UNC isolate (D6), &. falciparumclone of the Indochina | isolate (W2) andPafalciparumclone of a
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South-East Asian isolate strain (Thailand, C23%) The molecules and their biological activitieg alisplayed in
Fig. 1 and Table 2. Cytotoxicity (CT) results waiso included in this study. Experimental resuttaaerning then
vitro inhibition of Ebola filovirus were not included dause of the lack of sufficient experimental data.

R;R1N(CH,),NH

NH(CH;),NR1R>

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

Table 2. Selected molecules and their biologicattvities.

Mol. R: R: | n | log(CT) | log(sT) | 1°90Csa) | 109Cs) | log(icsd
1 Et Et] 3] 306 | 181| 148| 094] 182
2 H A4l - 1.86
3 H H13| 333 | 185 | 285| 323] 331
4 H H12| 372 | 180 243| 294] 301
5 Me | Me| 3] 300 | 184 | 201| 255 174
6 Me | Me| 2| 341 | 176 119]  0.96 118
7 Et Et| 2| 397 | 174| 078] 054] 052
8 | -(Cror 3] 265 | 187 | 117 | 089 154
9 | -(CHr 2| 369 | 178 | 122 | o001 141
10 | -(Ch)s 3] 317 | 182 | 097 | 084] 140
11 | -(Ch)s 2] 327 | 180 | 094 074] 102
12 | (CHCH):0 3] 387 | 175 | 072 | 030] o091
13 | (CHCH).0 2] 401 | 159 | 077 ] 079] 099

Calculations
The electronic structure of the molecules was olthiwithin the DFT framework at the B3LYP/6-31g(dlgvel

with full geometry optimization. It is important toention that the full geometry optimization wasrigal out with
the option ‘ignore symmetry" that may produce laz@hima. The Gaussian suite of programs was empgI§y8].
The values of the LARIs were obtained with the DNOEQSAR software [56]. Mulliken Population Analysis
results were corrected to eliminate negative edectpopulations and MO populations greater than 7Z].[5
Orientational parameters were calculated as ugTalJ0]. Considering that it is not possible tovedhe system of
linear equations because there are not enough @aséscules), we employed Linear Multiple Regressémalysis
(LMRA) to discover which atoms are implicated ire thariation of the BA. We worked with the premibattthere
is a set of atoms common to all the molecules studthe common skeleton), encoding the variatiorthef
biological activity throughout the series. Therisithe variation of the values of some local amactivity indices
of some atoms of the common skeleton that accdontthe variation of the inhibition of the BA thrgbout the
series analyzed. The role of the substituents ismadify the electronic structure of the common setat and to
control the precise alignment of the common skeletith its partner. For the LMRA, we built separatatrices
containing the logarithm of the dependent variglthe selected BA in each case) and the local atoegctivity
indices of the atoms of the common skeleton aspieddent variables. The Statistica software was {E&jd The
common skeleton numbering is shown in Fig. 2. important to mention that, as the side chainsoamdifferent
lengths, we have incorporated into the common skel¢he N-C-C fragment directly attached to thensatc
system plus the nitrogen atom at the end of thencha
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Figure 2. Common skeleton of 1,7-bis-(aminoalkyl)dizachrysene derivatives.
RESULTS

Analysis of the correlation between experimental rgults.
Table 3 shows the squared correlation coefficiatshe experimentally reported values of biologmetivities.

Table 3: Squared correlation coefficients of the gperimental values.

log(CT) | log(BO) | log(IGg) D6 | log(ICsc) W2
log(BO) 0.61 1.00
log(ICsc) D6 0.06 0.25 1.00
log(ICsc) W2 0.03 0.16 _0.94 1.00
log(ICsc) C235 | 0.06 023 | _0.90 0.81

We can see that there is a high degree of comelaigtween the log(kg) values for the threB. falciparumstrains.
Given the similarity of these three biological gyst we can expect that, if the mechanism of adti@milar, we
shall obtain very similar or identical results iretLMRA.

Results for BONT/A LC inhibition
For the BoNT/a LC % inhibition we obtained the éolling statistically significant equation:

log(BO) = 5.10- 15.9%, [UMO+ 2)* 0.03%' [UMO+ 1)* 0.85% HOMG 2)(2)

with n=12, R=0.98, R=0.95, adj B=0.94, F(3,9)=62.49&0.00000) and SD=0.02. No outliers were detected and
no residuals fall outside the +2.0@2bmits. Here F,;(LUMO + 2)* is the Fukui index (electron population) of

the third vacant local MO localized on atom ﬁ\'( LUMO+1)* is the orbital nucleophilic superdelocalizability

of the second vacant local MO localized on atom i &5;( HOMO-2)* is the orbital electrophilic

superdelocalizability of the third highest occupl@® localized on atom 16. Tables 4 and 5 show,getigely, the
beta coefficients, the results of the t-test fayndicance of coefficients and the matrix of squbrrelation
coefficients for the variables appearing in EqTable 5 shows that there are no significant infecoarelations
between independent variables. Figure 3 showsltieopobservedss. calculated values. The associated statistical
parameters of Eq. 2 show that this equation ids$itlly significant and that the variation of agp of local
atomic reactivity indices belonging to the commaéalston explains about 94% of the variation of BuNT/A LC
inhibition percentage.

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

Beta | t(9) p-level
F,.(LUMO+2)* | -0-93[ -1242] <0.000001
15

SN ( LUMO+ 1) * -0.46 -5.98 <0.0002
%

S_E ( HOMO_ 2) * -0.23 -3.03 <0.014
6

35
Available online at www.scholarsresearchlibrary.com



Juan S. Gomez-Jeria J. Comput. Methods Moal. Des., 2014, 4 (2):32-44

Table 5: Squared correlation coefficients for the ariables appearing in Eq. 2.

FlS(LUMO+2)* SE'(LUMO+1)*
0.05 0.10
S'z( HOMO-2)*
1.90
)
1.85 .
g
8 1.80 S8 e
g 7
— ’.”’f”
Q175 L
e .
S
T 170
>
9]
2]
S 165
160 .-
1.55

1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90
Predicted log(BO) Values

Figure 3: Plot of observed versus predicted valug&q. 2) of log(BO). Dashed lines denote the 95% diaence interval.

Results for thein vitro antimalarial activity against the D6 strain.
For the antimalarial activity against the D6 strai@ obtained the following statistically signifidaaquation:

log(IC,,) = 0.36- 4.3%), LUMO+ 1)* 22.5F,, (UMO+ 1) (3)
with n=13, R=0.97, &0.94, adj B=0.92, F(2,9)=67.20p0.00000) and SD=0.19. No outliers were detected and
no residuals fall outside the ¢2imits. Here S{\é( LUMO+1)* is the orbital nucleophilic superdelocalizabilitiy o

the second vacant local MO localized on atom 13 Bl LUMO +1) *is the Fukui index of the second vacant
local MO localized on atom 28. Table 6 shows th&a lm@efficients and the results of the t-test fgnidicance of
coefficients for the variables appearing in Eq. Goncerning independent variabled( $lg(LUMO+l)*

, F,s(LUMO +1)*)=0.18 shows that there is no significant internatrelation. Figure 4 shows the plot of

observedvs. calculated values. The associated statisticalnpeters of Eq. 3 show that this equation is statfiti
significant and that the variation of a group ofdbatomic reactivity indices belonging to the coomskeleton
explains about 92% of the variation of the antimalaactivity against the D6 strain.

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

Beta 1(9) p-level

Fzs(LUMO +1)* -0.36 | -3.90| <0.004
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Observed log(IC50) Values

3.0
2.8
2.6
2.4
2.2
2.0
18
16
14
12
1.0
0.8
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0.4

04 06 08 10 12 14 16 18 20 22 24 26 28 30
Predicted log(ICs) Values
Figure 4: Plot of observed versus predicted valug&q. 4) of log(IGso). Dashed lines denote the 95% confidence interval.

Results for thein vitro antimalarial activity against the W2 strain.

For the antimalarial activity against the W2 straim obtained the following statistically signifidaaguation:

log(IC,,) = —0.38- 6.08), LUMO+ 1) 40.7E,, (UMO+ 1)*¥ 17.1F,, (UMO+ 1(4)

with n=13, R=0.98, &0.96, adj B=0.95, F(3,8)=64.20p<0.0000) and SD=0.23. No outliers were detected and
no residuals fall outside the ¢2imits. Here F,,(LUMO +1)* is the Fukui index of the second vacant local MO

localized on atom 22. The other two local atomiactiity indices have the same meaning than inEd.ables 7
and 8 show, respectively, the beta coefficients,résults of the t-test for significance of coaffits and the matrix
of squared correlation coefficients for the vargsbhppearing in Eq. 4. Table 8 shows that therm@argignificant
internal correlations. Figure 5 shows the plot lef@rvedvs. calculated values. The associated statisticalnpeier's
of Eqg. 4 show that this equation is statisticalpngficant and that the variation of a group ofdbatomic reactivity
indices belonging to the common skeleton explabmwiti95% of the variation of the antimalarial aityivagainst the

W2 strain.

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

Beta t(8) p-level
SAN ( LUMO+ 1) * -1.03 | -13.22| <0.000001
3
F (LU MO + 1) x | -0.45| -5.83 <0.0004
28
FZZ(LUMO'F:L)* 0.24 3.40 <0.009

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

SL(LUMO+1)* | F(LUMO+1)*
F28(LU MO +1)* 0.18 1.00
F22(|_U MO + 1) * 0.004 0.0004
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Figure 5: Plot of observed versus predicted valug&q. 4) of log(IGso). Dashed lines denote the 95% confidence interval.

Results for thein vitro antimalarial activity against the C235 strain.
For the antimalarial activity against the C235istr@e obtained the following statistically sign#iet equation:

log(IC,,) = -2.07- 2.78), LUMO+ 1)* 584, (5)

with n=13, R=0.96, R=0.93, adj B=0.91, F(2,9)=59.87p<0.0000) and SD=0.24. No outliers were detected and
no residuals fall outside the ¢2imits. Here Q,, is the net charge of atom 24. Table 6 shows the deefficients
and the results of the t-test for significance oéficients for the variables appearing in Eq. 5. i®e subject of
independent variables?(1Sy ( LUMO+1)* ,Q,,)=0.17 shows that there is no significant intercatrelation.

Figure 6 shows the plot of observesl calculated values. The associated statisticalnpaters of Eq. 5 show that
this equation is statistically significant and thia variation of a group of local atomic reacthindices belonging
to the common skeleton explains about 91% of thiatian of the antimalarial activity against the352strain.

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

Beta t(9) | p-level
%N ( LUMO+1)* -0.57 -4.95| <0.0008
3
Q -0.50 -4.31| <0.002
24
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Observed log(ICsgp) Values

05 e

0.0
08 10 12 14 16 18 20 22 24 26 28 30 32 34
Predicted log(ICsp) Values
Figure 6: Plot of observed versus predicted valug&q. 5) of log(IGso). Dashed lines denote the 95% confidence interval.

No statistically significant equation was obtairfiedthe relationship between electronic structurd eytotoxicity.

DISCUSSION

Electrostatic Potential Electrostatic Potential

0.00486 0.0275

-0.00797 -0.00469

Electrostatic Potential Electrostatic Potential

0.00487 0.0229

0.000120 -0.00542

-0.00463

-0.00939

Figure 7. MEP of molecules 2 (upper left), 3 (upperight), 9 (lower left) and 11 (lower right) at 3.5A of the nuclei.

Conformational aspects and Molecular ElectrostatidPotential

Several side chains of the systems studied here &darge enough degree of conformational freedoallow a
suggestion of what their orientation could be atithoment of the interaction that produces theitogical action.
To get an idea about what local minima exist, a\tshould be made starting from the fully optimizggbmetry
and exploring only the surface available up to @lkwole [26]. Nevertheless, as we shall see betmme results
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allow us to impose some conformational restrictionsthe side chains. Some examples of the influericthe
position of the side chains on the structure ofMlidecular Electrostatic Potential (MEP) are shawirigure 7.

We can see that the MEPs are enough differenidova@ suggestion of what conformation might be addpn the
earlier stages of the recognition and guiding psece

BONT/A LC Inhibition .
Table 4 indicates that the importance of the véembis F (LUMO+2)* > S'(LUMO+1)*

>S,(HOMO-2)*. A Variable-by-Variable (VbV) analysis of Eq. 2dicates that a high BoNT/A LC
percentage of inhibition is associated with a loalue of F,(LUMO+2)* and with high values of
SL(HOMO-2)* andS;'(LUMO+1)*. A low value of F(LUMO+2)* can be obtained only by

lowering its electron population. If we consideath;.(LUMO)*, F.(LUMO+1)* and F,(LUMO +2)*
are oft nature, a consistent interpretation if that atolid interacting with an electron-rich center thgbu
F(LUMO)* andF.(LUMO+1)*, while F,(LUMO+2)* seems to hinder the interaction through a

repulsive interaction withs MOs located on the partner. It is worth rememigerihat F,(LUMO)* and
Fs(LUMO+1)* do not appear in Eq. 2 because their variationois statistically significant (i.e., they are
constants). A high value o§;( HOMO-2)* indicates that atom 16 is interacting with an eteedeficient

center through its two highest local occupied M®#igh value 01541\'( LUMO+1)*, anr MO, suggests that atom

4 is interacting with an electron-rich center thgblts two lowest vacant MOs. The corresponding-tlivoensional
(2D) partial pharmacophore is shown in Fig. 8.

4 N\
ELECTRON-
RICH
NeeC-C-N CENTER
N-C-C—--N
ELECTRON-
RICH
CENTER ~
ELECTRON-
DEFICIENT
CENTER
. J

Figure 8. Partial 2D pharmacophore for the BoNT/A LC inhibition percentage.

These results clearly show that the aromatic sysanvolved in the inhibitory process. Moreoveopsidering that
atom 15 is interacting with an electron-rich centdrile its neighbor atom 16 interacts with an electdeficient
center, part of or the entire ring to which theyobg might be interacting with an aromatic moietyotughn-n
stacking. Regarding the side chains, our resultaatcallow us to make any definitive statement akibair role.
Nevertheless, our local atomic reactivity indicesyrhelp in the following way. Burnett, Bavari et siliggested that
an “unfavorable hydrophobic-polar or polar-polantaxt between one (or both) of the morpholine rifigsand 13
in Table 2) and an enzyme residue(s) is occurrinidpé BoNT/A LC binding site” [2]. This hypothedgssustained
by the fact that molecule 10, which has a ring coseg only of saturated carbon atoms, is more pokégare 9
shows the local atomic hardnesses of the piperigirtemorpholine substituents of molecules 10 and 12
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7.4 8.1 8.8 7.9
12.0 N 7.8 79 0 N 8.4
8.4 8.1 9.1 7.9

Figure 9. Local atomic hardnesses (eV) of the atonad the end substituents of side chains in molecdd 0 (left) and 12 (right).

We can see that the four carbon atoms of the mtinghsubstituent have about equal or greater hasitiean their
piperidine equivalents. Nevertheless, in the molipacsubstituent the oxygen atom has a noticeasgdr hardness
(7.9 eV) that its carbon atom equivalent (12 eV}he piperidine substituent. Therefore we may statgfidently
that the piperidine substituent is more prone teract with apolar sites than morpholine. A mokellf hypothesis
is that the lone pairs of the oxygen atom on thepimoline substituent are the cause of the loweahgctivity.
Figure 10 shows the MEP map of the piperidine stuestt of molecule 10 (left) and the morpholine stithent of
molecule 12 (right).

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

We can see that the MEP of the piperidine groupahassitive area (in blue) around its end whil¢hi@ equivalent
area in the morpholine group the MEP is negatinedd and yellow). This is a direct effect of tbaé pairs of the
oxygen atom. As molecule 12 is active and we hadésibution of side chain conformations closethie active
site, it is possible that only a few present a fpasiMEP area pointing to the active site. Thenrniethylene group
located at the end of the piperidine substituerd good target to investigate (by substituting atbim by alkyl
groups). This is also indirect evidence that onbath side chains participate in the inhibitoryqess.

Invitro antimalarial activity.
It was suggested that these molecules act by higakie formation of-hematin, like 4-amino-7-chloroquinoline-
based antimalarial compounds [2]. This causes enea@se of toxic heme within the parasite’s fooduede and its

subsequent death. We may appreciate that EqsaBg % haveS_“;( LUMO+1)* as a common component and

that Egs. 3 and 4 have aldo,(LUMO+1)* as a common component. Given the high correlditween the

experimental data (see Table 3) we shall work withie hypothesis that the inhibitory mechanisnhes g¢ame for
all three malaria strains. This guess is suppdrtethe facts that, for good antimalarial activitye requirement of a

low value of S(LUMO+1)* holds for Egs. 3 to 5 and the condition for a higalue of

F,s(LUMO +1)* holds for Egs. 3 and 4. These requirements inditeteatom 13 interacts with an electron-rich

center through its local LUMO* and that atom 28oailsteracts with an electron-rich center throughtvto lowest
local vacant MOs. Given the position of atom 13hivitthe molecule, it is highly probable that itdrdcts through
n-nt stacking. Atom 28 is the nitrogen atom locatethatend of one of the chains (see Fig. 2). As Flgshows, the
two lowest local vacant MOs of atom 28 aresafature (maybe with an n component).
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Figure 11. The two lowest vacant local MOs of moletes 2 (upper) and 3 (lower). Atom 28 is located dhe far left of the figures.

A low value for F,,(LUMO+1)* is associated with high antimalarial activity. Ato22 is a carbon atom

belonging to the other side chain (See Fig. 2).thw case we suggest that atom 22 lies close teleatron-rich
center of its partner. Atom 24 is the nitrogen atmefonging to the same side chain as atom 22 #&yignd usually
has a negative net charge. As a positive net chamggtom 24 is required for good antimalarial astjvthe ideal
situation would be that the N atom should haveldlest possible negative charge. For example,emtbrpholine
substituent of molecules 12 and 13 atom 24 hasréniihed negative net charge. Therefore atom 24ddoe a
possible target for modifications leading to enth@antimalarial activity. Figure 12 shows the cspanding
partial 2D pharmacophore for antimalarial activifyinally, the nature of the suggested electron-rizkas
interacting with the side chains cannot be elueiddbr the moment.
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ELECTRON-
RICH
CENTER
24 22 PI-PI ST.?
N---C-C-N

ELECTRON-

RICH

AREA
COMMON TO ELECTRON-
22 AND 2472 RICH

CENTER
(NOT CLEAR
YET)

Figure 12. Partial 2D pharmacophore for antimalarid activity.

From these results it seems highly likely that éhematic ring and both side chains are essentiahrfitimalarial
activity in this kind of compounds. Besides the gible modifications to atom 28 to reduce its negatiet charge,
another point to explore by medicinal chemisthiesdetection of the optimal length and the actiwefarmation (or
conformations) of the side chains. Note the impurfact that we have assumed that the terminabfaif the side
chains is equivalent in all molecules despite tlifer@nces in the length of the side chain. Finatiote that the
variation of all biological activities studied haseorbital-controlled [59].

CONCLUSION

We obtained good statistically significant relasbips relating electronic structure with the petaga of BONT/A
LC inhibition and the antimalarial activity for aayp of 1,7-bis-(aminoalkyl)diazachrysene derivesivFor the
BoNT/A LC percentage of inhibition there is inditevidence supporting the interaction of one ohimitle chains
with the site. In the case of antimalarial activityth side chains seem to participate in the indwipiprocess. The
biological activities are highly orbital-controlleds a result of the long evolutionary processwifid beings. We
suggest some atomic targets to improve the antimb&gtivity.
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