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ABSTRACT

A theoretical study of the relationships between the electronic structure and the antiplasmodial
activity of a series of 4-anilino-2-trichloromethylquinazolines derivatives on plasmodium genes was
carried out. The electronic structure of molecules was calculated at the B3LYP/6-31G(d,p) level with
full geometry optimization. A statistically significant equation (R = 0.98, R?2 = 0.96, adj-R? = 0.94, F
(12, 20) = 43.49 (p < 0.000001) and SD = 0.12) was obtained relating the variation of the biological
activity with the variation of a set of local atomic reactivity indices. Based on the analysis of the
results, a two-dimensional antiplasmodial pharmacophore was proposed. The process seems to be
orbital and charge controlled.
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1. INTRODUCTION

Malaria is one of the most devastating diseases in the third-world countries. Malaria is
caused by parasites of the genus Plasmodium [1]. The infections caused by Plasmodium
falciparum is prevalent in the major parts of Africa, sub-Saharan Africa and East Asian
countries [2].

The global tally of malaria in 2015 was 212 million new cases and 429 000 deaths.
Across Africa, millions of people still lack access to the tools they need to prevent and treat
the disease. Funding shortfalls and fragile health systems restrict access to life-saving
interventions and jeopardize the attainment of global targets. According to the report, fewer
than half of the 91 malaria-affected countries and territories are on track to achieve the 2020
milestone of a 40% reduction in case incidence and mortality [3].

Vaccines developed are of limited efficacy [4-6]. The hybrid vaccine RTS,S/AS01 still
in the experimental phase, is one of the best authorized by the WHO [6-8]. Medicines used in
the treatment of malaria are: Primaquine, chloroquine, quinine, mefloquine, halofantrine,
lumefantrine, piperaquine, proguanil and artemisinin derivatives (artemether, artemminol,
dihydroartemisin proguanil) [9].

Each of these drugs has one or more problems such as ineffectiveness against early or
advanced stages, toxicity and resistances [10,11]. Recent studies have shown several
biological activities of quinazolines; including their anti-malarial antiplasmodial [12-23] anti-
leishmaniasis [20] and antileishmanial [24] activities. In this work we present a study on the
relationship between the electronic structure and the antiplasmodial activity of a series of 4-
anilino-2-trichloromethylquinazolines on malaria.

2. METHODS, MODELS AND CALCULATIONS.
2. 1. Model and Application

The technique employed to perform quantitative structure-activity relationships is the
Klopman-Peradejordi-Gomez (KPG) method. Since this method has been fully discussed in
previous papers, we will discuss here only the results [25-33]. From a conceptual perspective
the work presented here is a test of the hypothesis stating that the KPG model can provide a
quantitative and formal relationship between the molecular structure and any biological
activity. In fact, it is show that log(ICsp) is a linear function of local atomic reactivity index.
Nowadays, the KPG model produced excellent results in all its applications [31-40].

For the application of this method, a series of thirty three selected molecules are derived
from the quinazoline derivatives obtained based on 4-anilino-quinazolines, exhibit anti-
malaria activity. The structures of these compounds are shown in figure 1. Table 1 summarize
the values of their median inhibitory concentrations ICso, those values were taken from
literature [21].

These experimental data used in this study are the antiplasmodial activities expressed in
umol/L. The tests are performed on the blood form of Plasmodium W2 strains.
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Figure 1. Structure of 4-anilino-quinazolines.

Table 1. Selected molecules and their anti-plasmodial activities.

Mol. | Ry | Ry Rs Rs | Rs | Re | log(ICs)
1 |CCls| H H H | H|H| 104
2 |CCly| F H H | H|H| 095
3 |CCls| H F H | H|H| 060
4 |cCCly| H H F | H|H| 073
5 |CClz| cCl H H | H|H| 066
6 |CCls| H cl H | H|H| 023
7 |CCls| H H Cl | H|H| 048
8 |CCls| Br H H | H|H| 048
9 |CCls| H Br H | H|H| 034
10 |CCls| H H Br | H|H| 018
11 |CClz| CHs | H H | H|H| 084
12 |CCls3| H | CHs | H | H |[H| 036
13 |CCls| H H | CH; | H |H| 0.38
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14 | CClz| CFs H H H | H 0.87
15 |CCls| H CF; H H | H 0.26
16 |CClz;| H H CFs | H | H 0.20
17 | CCl3 |OCHs;| H H H | H 0.78
18 |CCls| H OCH;z; | H H | H 0.60
19 |CClz;| H H |OCH;| H | H 0.78
20 | CCl3| NO. H H H | H 0.48
21 |CCl3| H NO2 H H | H 0.48
22 |CClz| H H NO; | H | H 0.45
23 |CCl;| CI Cl H H | H 1.15
24 | CCl;| CI H Cl H | H -0.40
25 | CCly| CI H H Cl | H 0.23
26 |CCl;| CI H H H | Cl 1.34
27 |CCl3| H Cl Cl H | H 0.70
28 |CClz| H Cl H Cl | H 0.60
29 |CClz| H CF; H CFs | H 0.45
30 [CCl3| H H OCF3 | H | H 0.46
31 CHs H Cl H H | H 1.74
32 CHs H CF; H H | H 1.63
33 CHs; | CI H Cl H | H 1.93

2. 2. Calculation method

The electronic structure of each optimized molecule was obtained using the Density
Functional Theory (DFT) at B3LYP/6-31G (d, p) level with the Gaussian software [41]. The
local reactivity indices were calculated from the Single Point results using the D-Cent-QSAR
software [42] with a correction of the Mulliken population [43]. All populations of electrons
less than or equal to 0.0le are considered null [43]. The orientational parameters of the
substituents are calculated in the usual manner [44,45]. We have used the hypothesis of the
common skeleton: It is a set of atoms common to all the molecules analyzed, which accounts
for all the biological activity. The variation of the values of the set of local atomic reactivity
indices of certain atoms along the skeleton should give an explanation to the variation of the
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antiplasmodial activity through the series analyzed. We used the technique of multiple linear
regression analysis to determine the atoms that are directly involved in the variation of
biological activity. The data matrix contains the log (ICsp) as a dependent variable, and the
local indices of atomic reactivity of all the atoms of the common skeleton as independent
variables. Statistica software was used to perform multiple linear regression analysis [46]. The
numbering of the common skeleton atoms is shown in Figure 2.

i ™

16
17 15

Figure 2. Common skeleton numbering.

3. RESULTS

The best statistically significant equation obtained is the following:

log(IC,,) = —13.26 — 255 —2.47F,,(HOMO — 2)" — 2.19F,. (HOMO)’
~0.0038)" (LUMO +2)" —0.0005S ! +0.001S}} (LUMO +2)° o

with n = 29, R = 0.97, R? = 0.94, adj-R? = 0.92, F (6.22) = 55.17 (p < 0.000001), and a
standard error of the estimate of 0.14. No outliers were detected and no residuals fall outside
+ 2¢ limit. Here, S¥ is the total atomic electrophilic superdelocalizability of atom 2,
Fi;,(HOMO — 2)* is the Fukui index (electron population) the third highest occupied MO
localized on atom 17, F;5(HOMO)* is the Fukui index (electron population) the highest
occupied MO localized on atom 15, SY(LUMO + 2)* is the nucleophilic
superdelocalizability of the third lowest empty MO localized on atom 9, S, is the total
atomic nucleophilic superdelocalizability of atom 13 and S (LUMO + 2)* is the nucleophilic
superdelocalizability of the third lowest empty MO localized on atom 13. Tables 2 and 3
show the beta coefficients, the results of the t-test for the significance of the coefficients and
the matrix of squared correlation coefficients for the variables of equation 1. There are no
significant internal correlations between independent variables (Table 3). Figure 3 displays
the plot of observed vs. calculated log(ICsp) values.
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The associated statistical parameters of Eqg. 1 indicate that this equation is statistically
significant and that the variation of the numerical values of a group of six local atomic
reactivity indices of atoms of the common skeleton explains about 92% of the variation of
log(ICso).

Table 2. Beta Coefficients and t-test of the coefficients in equation 1.

Beta
Variables . t(22) p-level
coefficients
SE -0.67 -11.49 0.0000001
F,(HOMO-2) -0.44 -7.79  0.0000001
F.(HOMO)" -0.24 -3.63 0.001
Ss' (LUMO +2) -0.19 -3.31 0.003
Sy -0.20 -3.11 0.005
S (LUMO +2) 0.18 2.45 0.02
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Figure 3. Plot of predicted vs. observed log(IC50) values. Dashed lines denote the 95%
confidence interval
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Table 3. Squared correlation coefficients for the variables of equation 1.

Sf  F,(HOMO-2)° F,(HOMO)" S)(LUMO+2)" S}
F,(HOMO-2)" 0.006 1.00
F.(HOMO)"  0.05 0.02 1.00
SM(LUMO+2)"  0.04 0.02 0.03 1.00
Sy 0.05 0.007 0.0002 0.00004 1.00
SN (LUMO+2)" 0.008 0.03 0.22 0.006 0.20

Tables 4 and 5 show the Local Molecular Orbitals of atoms 2, 9, 13, 15, and 17 (see
Fig. 3). Nomenclature: Molecule (HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)*

(LUMO+1)* (LUMO+2)*.

Table 4. Local Molecular Orbitals of atoms 2, 9 and 13

'(V'H%?&L(‘)"; Atom 2 (C) Atom 9 (C) Atom 13(C)
1(86) 84n85n867-877188189n 84785n867- 88190191 n 83185n867-877881901
2(90) 88n891901-917192193n 88189190m-921941957 87189190m-911941957
3(90) 881891907-9119219571 881891907-9219419571 871891907-91192194n
4(90) 88189190n-91192n93 1 88189n90n-921951967 78n87n901-91192194n
5(94) 921931941-9519679 7% 9271931947 9619971007 917931941-95196798n
6(94) 921931941-95196n9 71 921931947- 9619911007 911931941-95196798n
7(94) 921931941-95196n9 71 921931941-9619911 007 8819 1194n-95196198n
8(103) 1017102w1037-10471057106% | 101710271037-1057109%1 107 10171027103%-10471057107n
9(103) 1017102w1037-10471057106 | 101710271037-1057108x1 107 10071027103%-10471057107x
10(103) 1017102w1037-10471057106 | 101710271037-105710871097 997110071037-104x105721077
11(90) 87n88190m-91192193 1 87n88190m-921941957 88189190m-911941957
12(90) 88n89190n-91n92193n 87n88n90n-92n94n96m 88n89190n-91794n95n
13(90) 88n89190n-91n92193 1 88n89190n-92n94n951 88n89190n-91192194n
14(102) 10071017102%-10371047106% | 100710171027-1037104%1077 99110071027-1031104n1057
15(102) 10071017w1027-10371047105% | 100710171027-104710771087 997100m1027-103w10471067
16(102) 10071017w1027-10371047105% | 100710171027-1037104%1067 8919911027-103710471067
17(94) 921931941-9519679 71 921931941-9671981991 831931941-9571991100%
18(94) 921931941-9519679 71 9211931941-9611987199 1 917931941-95196798n
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19(94)

9119271931-9579619 7w

92719319471-96799711007

911931947-957196798~n

20(97)

95196m1971-99710071017

95196m971-100m102w103 7

941961971-98710271t1037

21(97)

95196m1971-99710071017

95196m1971-9971007t1 027

9471951977-9879911007

22(97)

95196m971-98199711007

95196m1971-9879911007

941951971-9871007t1 027

23(102)

99110071027-1037104w1057

99110071027-103110471077

100710171027-103710471067

24(102)

100t10171027-103710471 057

100710171027-103w1 04107 %

997t10171027-10371 0471067

25(102)

100t10171027-1037t10471 057

100710171027-103w1 041077

96710171027-1037t1047t1067

26(102)

100t10171027-103710471077n

100710171027-104w109%1 13w

100710171027-103710571 067

27(102)

100t10171027-103710471 057

100710171027-103w1 04107 %

997t10171027-10371 0471067

28(102)

99110071027-1031104w1057

99110071027-10371047107n

10010171027-103710471 067

29(118)

116m1177118n-1197120m121n

116n11771187-1197120n121n

115n116m118n-1197120w121n

30(106)

104710571067-107710871097

104110571067-108n11171127

95110371067-1077t10871 107

31(70)

68n69n70n-71n72n 767

68n69n70-71n72n73w

67169n70n-71n72773w

32(78)

76n77n78n-79780n8 1w

76n77n78n-79780n8 17w

75n76n78n-79780n81w

33(78)

76n77n78n-79780n8 17w

76n77n78n-79780n8 1w

7577 7n78n-79780n8 1w

Table 5. Local Molecular Orbitals of atoms 15 and 17.

mfgf\‘/’l‘g;’ Atom 15(C) Atom 17(C)
1(86) 831857867- 877188190x 84785n867- 877190191 n
2(90) 871891907-91n92n94 1 881891907-91194195n
3(90) 87n891901-91192n94 71 88n89m90n-9 119419571
4(90) 84n891901-911941951 88n89m90n-9 11941951
5(94) 911931947- 951967987 921931947- 951987997
6(94) 911931941-95196798 1 921931941-95198n991
7(94) 88m931941-95196198 1 921931941-95198199n
8(103) 101710271037-104n1057107% 10121027103 7-104n1077108%
9(103) 1001027103 7-104n1057107% 10171027103 7-104n1077108%
10(103) 98n10211037-10471057107n 101710271037-104710771 087
11(90) 86m88m90n-91194n95n 88n89190n-91194n95n
12(90) 88n891901-91192n94n 88n89190n-91194n95n
13(90) 88n89190n-91194n95n 88n89190n-91194n95n
14(102) 100m10171027-103110471 057 100m10171027-103710571 071
15(102) 9971t10071027-1037t10471067 100m10171027-103710671 071
16(102) 991100m1027-1037t10471 067 100m10171027-103710671 071
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17(94) 907921941-95196798 1 921931941-95198199n
18(94) 9079 171947-95196798 1 921931941-951981991
19(94) 911931941-95198199n 921931941-951981991
20(97) 941961971-99110071 027 951961971-9819971007
21(97) 941951971-9819911007% 95196m971-98110271037
22(97) 94195197n-98110211 037 95196m971-981102w1037
23(102) 100m10171027-10371 0471067 9971101n1027-103710671071
24(102) 997110171027n-1031104n1067 99711007102n-1031t1067w1071
25(102) 997110171027n-1037104n1067 100m10171027-103110671 071
26(102) 99711017102n-1031t104n1057 100m10m11027-1031104n1057
27(102) 99711017102n-1037104n1067 100m10171027-103710671 071
28(102) 98110071027n-1031104n1067 100m10171027-103710671 071
29(118) 115n1167118n-1197120m1 21w 116m1177 118n-119712171237
30(106) 103710571067-107710871 10 104710571067-1077110n1 117
31(70) 67n69170n-71n73n74n 68169170n-71172173 1
32(78) 75176n78n-79n8 118271 76m77n78n-79n80n8 11t
33(78) 7417 7n78n-79n8 118271 76m77n78n-79n80n8 11t

4. DISCUSSION

The results obtained indicate that the variation of the antiplasmodial activity of these
quinazolines derivatives is related to the variation of the numerical values of a set of six local
atomic reactivity indices of the common skeleton. This result is very good considering the
approximations made to construct the model.

The beta values shows that the importance of variables is S;>F,(HOMO-2)">
F.(HOMO) >S[; =S (LUMO+2)’=Si(LUMO+2)". The process seems to be orbital-
controlled. A variable-by-variable analysis indicates that a good activity is associated with
low negative numerical values of SZE (they are always negative), with high numerical values
of F,(HOMO -2)* and F,(HOMO)* (their values are always positive). If Sj is positive, a
high inhibitory activity is associated with high numerical values.

If Sy (LUMO+2)" is positive, a good activity is associated with high numerical values
for this index. If S[;(LUMO+2)" is positive, a high inhibitory activity is associated with low
numerical values. Atom 2 is a carbon in ring A (Fig. 2). Table 4 shows that all local MOs
have m nature. A low value of SZE indicates that atom 2 should interact with a © electron rich

center through its empty © local MOs. Atom 17 is a carbon in ring C (Fig. 2). Table 5 shows
that all local MOs have a 7 nature. A high value of F,(HOMO —2)* suggests that atom 17

interacts with an electron-deficient center such as a cation or an aromatic moiety (a m-n
interaction).
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The three highest occupied local MOs participate in the modulation of the activity.
Atom 15 is a carbon in ring C (Fig. 2). Table 5 shows that all local MOs have a 7 nature.
Following a similar reasoning used for atom 17, we suggest that atom 15 is interacting with
an electron-deficient center via its highest occupied local MO. Atom 13 is a carbon atom in
ring C (Fig. 2). Table 4 shows that all local MOs have a © nature. If S)'(LUMO+2)" is

positive, a higher activity is associated with higher numerical values for this index. Now,
higher positive values are obtained by shifting downwards the (LUMO+2)* eigenvalue,
making this MO more reactive.

Therefore, it is suggested that atom 13 is interacting with a © electron-rich center. This
is confirmed by the appearance of Si3" in Eq. 1 when we notice that large positive values for
Si3" are obtained by the same mechanism used for (LUMO+2)*. Atom 9 is a carbon atom

belonging to rings A and B (Fig. 2). High numerical values of S (LUMO +2)" are associated

with high activity. These values are obtained by lowering the lowest MOs eigenvalues and
making these MOs more reactive. So, atom 9 should interact with a m electron-rich center. All
the above suggestions are shown in the partial 2D pharmacophore (Fig. 4).

-

ELECTRON DEFICIENT ELECTRON DEFICIENT
CENTER WITH PI Ms CENTER WITH PI MO

i
-

PN Pl ELECTRON
= N .
RICH
‘ A B CENTER
s =
.H""\-\..,\_\_\:;:’i H"‘“-. r]qi"'
Pl ELECTRON
Pl ELECTROMN RICH
RICH CENTER
CENTER

Figure 4. Proposed 2D-pharmacophore for the antiplasmodial activity
of quinazoline derivatives.

4. CONCLUSION

We obtained statistically good results that show a relationship between the variation of
the antiplasmodial activity and the variation of the numerical values of a set of local atomic
reactivity indices. This regression equation obtained could serve as a tool for predicting the
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antiplasmodial activity of quinazolines on malaria. The results were employed to build a
partial two-dimensional pharmacophore. Our results could be used to make proposals for
molecules with potentially stronger antiplasmodial activity.
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