Journal of Computational Methods in Molecular Desig, 2014, 4 (3):38-47

Scholars Research

Scholars Research Library
(http://scholarsresearchlibrary.com/archive.html)

Library

ISSN : 2231- 3176
CODEN (USA): JCMMDA

A note on the relationships between electronic staiure and inhibition of
Chikungunya virus replication by a group of [1,2,3triazolo[4,5-d]pyrimidin-
7(6H)-one derivatives

Juan S. Gomez-Jeria

Quantum Pharmacology Unit, Department of Chemigtagulty of Sciences, University of Chile. Las Raias,
Santiago, Chile

ABSTRACT

We present a study of the relationships betweenetbetronic structure and the Chikungunya vir@@HIKV)
inhibitory capacity of a group of [1,2,3]triazolo[8-d]pyrimidin-7(6H)-one derivatives. The electronic structure of
all the molecules was obtained with the Densityd&iomal Theory at the B3LYP/6-31g(d,p) level withh §eometry
optimization. We found a statistically significaetationship between the variation of the inhibjtarapacity and
the variation of the values of four local atomi@cévity indices belonging to a common moleculalston (n=14,
adj R=0.91, F(4,9)= 32.81 (p<0.00002), SD=0.16). A paitinhibitory pharmacophore is proposed and diseass

It is shown that there is a full qualitative agresmh between the molecular electrostatic potentialcture and the
pharmacophore features. Our results strongly sugthed we are dealing with a single site belongiaghe CHIKV
that it is related to the control of the viral régation machine.

Keywords: Chikungunya virus, CHIKV, DFT, RNA virus, QSARAR, Quantum Pharmacology, local atomic
reactivity indices.

INTRODUCTION

Chikungunya (CK) is a viral sickness first descdbe southern Tanzania in 1952 [1, 2]. The virusramsmitted
from human to human through the bites of infecetdle mosquitoes. The name “chikungunya” originfi@s a
word in the Kimakonde tongue meaning "to becomearted”. The disease occurs in Asia, Africa and Itidian
subcontinent and several outbreaks have occur@@7(th Gabon, 1999-2000 in the Democratic Repubiithe
Congo, 2005 in islands of the Indian Ocean (200&arRéunion), 2006 and 2007 in India) [3-26]. ReefK

spread to Europe (CK transmission was reportedhfffirst time in an outbreak in north-easternyltal 2007) and
the Americas (2013 in Anguilla, British Virgin Islds, French Guiana, Guadeloupe, Martinique, SttiMand St.
Barthélémy) [27-37]. By July 2014 cases of CK haeen reported in 23 countries and territories ef Aimericas
(with about 350,000 suspected cases). CK causelyimyfever, headache, rash, nausea, vomiting,aatidfalgia.
The majority of patients recover completely, bugimumber of cases joint pain may continue for sameths or
even years. There is no specific antiviral drugtiment or vaccine for CK. The treatment consistmarily in

relieving the symptoms using fluids, anti-pyretansd analgesics. The causative agent of CK is thku@bunya
Virus (CHIKV) which is an RNA virus belonging toghalphavirus genus of the family Togaviridae [38-48 the

search for antiviral agents, several molecules leen synthesized and tested [49-55]. Here we miréise results
of a quantum-chemical study relating the electrastiticture and the CHIKV inhibitory activity for group of
recently reported [1,2,3]triazolo[4,8]pyrimidin-7(6H)-one derivatives [55].
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MATERIALS AND METHODS

Methods
The methodology employed in this work has beengmtesl and discussed in detail in several paper§@b@nd it
is now used as a standard quantum-pharmacologioalfér extracting useful information from experintally

measured equilibrium constants ACs, K, [61-78]) and biological activities [79-88]. €hlogarithm of the
biological activity (BA) can be written as:

logBA)=a+Y [ §Q +$ s8]
+3 2 [h (M)F (m)+x (m)$ (] X[ (m)F ()t (S (3}

w
+Z[gi“i +Kin +q o +7.6 +w Qmax]Jrz Q
i =

where Q is the net charge of atorj S]E and S}\' are the total atomic electrophilic and nucleoghili

superdelocalizabilities of Fukui et al,;,Fis the Fukui index of the occupied [empty] molecubrbitals (MO) m
[m’] located on atom j. S(m) is the atomic electrophilic superdelocalizapilbf MO m on atom j, etc. The total
atomic electrophilic superdelocalizability of atgris the sum over occupied MOs of all thﬁ(&)’s and the total
atomic nucleophilic superdelocalizability of atoris jdefined as the sum over the empty MOs of J-ﬂllnﬁi;)'s [89].
The last bracket of Eq. 1 contains local atomictigdy indices (local atomic electronic chemicaitential, local
atomic hardness, etc., see REF) recently obtaintidnvthe Hartree-Fock-Roothaan framework [60]. Tast term
of Eqg. 1 includes the so-called orientational pagtars of the substituents [58].

Selection of molecules and experimental data

The selected molecules were taken from a recedy stnd are shown in Figure 1 and Table 1 [55]. Biodogical

activity to be analyzed is the antiviral activity these molecules against CHIKV (defined as the mound

concentration that is required to inhibit the viinduced cytopathic effect by 50% and reported @sy)En Vero

cells (African green monkey kidney cells). The neubm of action of these molecules is not knownwebeer, it is

interesting to note that molecules 1 and 14 dohaste the same antiviral ratio when compared agaiasous

CHIKYV strains. Also, 14 has antiviral activity agat the Vietham strain of the Semliki forest viarsgd the HRsp
strain of the Sindbis virus while 1 has no actityall (see Table 2 of [55]).

R4

Figure 1. General formula of [1,2,3]triazolo[4,5d]pyrimidin-7( 6H)-one derivatives
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Table 1. [1,2,3]Triazolo[4,5d]pyrimidin-7( 6H)-one derivatives and CHIKV inhibitory activity in Ve ro cells

Mol. | Mol. R; R, Rs R, 10g(EGsq)
1 2 Me H COMe H 1.28
2% 6A* Me H COMe H 2.10
3 11A Me OMe H H 2.54
4 11B Me H OMe H 145
5 11C Me H Cl H 151
6 11D Me H COPh H 1.36
7 11E Me H OCH(CH), H 1.08
8 11F Me H NHCOMe H 2.50
9 11H Me H CN H 212
10 11J Me H H COMe 2.51
11 11K Me H H OCHCH,CHjz3 2.23
12 11M Me H COOEt H 2.31
13 15A Ch H OCH(CH,), H 1.83
14 15B CHMe H OCH(CH), H 0.48
15 15C CHCN H OCH(CH), H 2.06
16 15E | CH(CH), H OCH(CHy), H 245
17 15F Ph H OCH(Chk H 231
18 | 15G 4-Py H | OCH(CH, H 1.88

*Carbon instead of nitrogen at position marked *Hig. 1.

Calculations

The electronic structure of the molecules was obthwith the Density Functional Theory at the B3L&B1g(d,p)
level using the Gaussian suite of programs [90leMfull geometry optimization and single pointaadations, the
values of the LARIs were calculated with D-CENT-Q$f91]. Negative electron populations or MO popiolas
greater than 2 arising from Mulliken Population Arsés were corrected as usual [92]. Orientatiorelameters
were calculated as usual [58]. We employed Linealtiple Regression Analysis (LMRA) to find out whiatoms
are involved in the variation of the biological iaityy. We worked with the hypothesis that thereaiset of atoms
common to all the molecules (the common skeletem}pding the variation of the biological activibraughout the
group of molecules. It is the variation of the \edof one or more local atomic reactivity indicéshe atoms of the
common skeleton that accounts for the variatiothefinhibition of CHIKV-induced cytopathic effeat the series.
The substituents modify the electronic structurehaf common skeleton and direct the precise otientaf the
common skeleton with its partner through the oagahal parameters. For the LMRA, we built a mat@ntaining
the logarithm of the dependent variable {fCthe local atomic reactivity indices of the atoomenstituting the
common skeleton and the orientational parametersubstituents Rto R,. The Statistica software was used for
LMRA [93]. In this kind of model statistics is engyed as a slave and not as a master. The commdetmske
numbering is depicted in Fig. 2.

15
11 Rs
14
12 13
R4

Figure 2. Numbering used here for the common skelet of the [1,2,3]triazolo[4,5d]pyrimidin-7( 6H)-one derivatives
RESULTS
A first LMRA was carried out with all the moleculés=18). No statistically significant equation walstained.

Considering that the experimental inhibitory capasiare reported inM, we have tested the hypothesis that the
highest EG, values might represent another inhibitory mechanis mixture of mechanisms or a saturation effect.
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We have consequently eliminated from the origimdltsose molecules having an 5£2.45uM, aware that 2.45 is
an arbitrary value determined only from the se¢xjferimental data. Earlier work on other systensdiewn that
this technique produces good results when all oplessibilities of forming a molecular set have besplored

without success. We obtained the following equafiori4):

log(EC,,) = 2.02- 3.090, (UMO+ 2)t 0.2& HOMO- 2)*

(2)
-6.42F, LUMO+ 1)*+2.0F,, CUMO+ 1)*
with n=14, R=0.97, &0.94, adj B=0.91, F(4,9)=32.81p<0.00003 and SD=0.16. No outliers were detected and
no residuals fall outside the ¢:2imits. Here, Fy(LUMO + 2)* is the Fukui index (the electron population) cf th

third lowest vacant MO localized on atom 955 (HOMO-2)* is the orbital atomic electrophilic
superdelocalizability of the third highest occupM® localized on atom 7F,(LUMO +1)* is the Fukui index

of the second lowest vacant MO localized on atoand F,,(LUMO+1)* is the Fukui index of the second

lowest vacant MO localized on atom 15. Tables 2 arghow the beta coefficients, the results of tiest for
significance of coefficients and the matrix of sgagacorrelation coefficients for the variables of. B. There are no
significant internal correlations between indepertdariables (Table 3). Figure 3 displays the plibbbservedrs.
calculated log(E&g) values. The associated statistical parameteExjo® indicate that this equation is statistically
significant and that the variation of the valueaofjroup of four local atomic reactivity indices atoms of the
common skeleton explains about 91% of the variatioih the inhibitory capacity in this group of
[1,2,3]triazolo[4,5d]pyrimidin-7(6H)-one derivatives.

2.4 . . . . . . . . . >
22} e -

20} e

18} s

16} A

1.4} Ry

1.2}t - ”

1.0} - 7

Observed log(ECsgg) Values

08 F - /,

06f 7

0.4
04 06 08 10 12 14 16 18 20 22 24 26

Predicted log(ECs) Values
Figure 3. Plot of predictedvs. observed log(EG) values (Eg. CC). Dashed lines denote the 95% caifénce interval

Table 2. Beta coefficients and t-test for signifiaace of coefficients in Eq. 2

Beta | t(9) | p-level

Fo(LUMO+2)* | -048| -454| 0.001
SF(HOMO-2)* | -0.67| -7.00| 0.00006
F,(LUMO+1)* | -0.48| -5.03| 0.0007

Fs(LUMO+1)* | 034 | 317 o001
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Table 3. Matrix of squared correlation coefficientsfor the variables in Eq. 2

F,(LUMO+2)* | SS(HOMO-2)* | F,(LUMO+1)*
SF(HOMO-2)* 0.03 1.00
F,(LUMO+1)* 0.14 0.06 1.00
Fs(LUMO+1)* 0.23 0.17 0.01
DISCUSSION

Despite the fact that the mechanism(s) of actiothee molecules is(are) not known, the ensuingudgon is
based on the hypothesis that they act directlyhenG@HIKV. Table 3 shows that the relative impor&amf the

= F,(LUMO+1)* >F (LUMO+1)*. A
high inhibitory capacity of CHIKV-induced cytopatheffect is associated with high values fog(LUMO + 2)*

and F,(LUMO +1)* and with small values forS; (HOMO-2)* andF,.(LUMO +1)*. Table 4 shows the

local MO structure of atoms 2 (nitrogen), 7 (niead 9 (nitrogen) and 15 (carbon) (see Fig. 2). Blochature:
Molecule (HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LIMO)* (LUMO+1)* (LUMO+2)*. The molecules
not employed in the generation of Eq. 2 are higttég in boldface.

calculated indices isS; (HOMO-2)* > F,(LUMO+2)*

Table 4. Local Molecular Orbital structure of atoms2, 7, 9 and 15

Mol.

[=}

Atom 2

Atom 7

Atom 9

Atom 15

2 (70)

66681 70r-71n72173n

65666070r-71n73n74n

65066070r-71n72n75n

68169670r-71n72n73n

6A (70)

6669m70n-72n73n 740

67569 70n-71n72n74n

63665669n-72r73n74n

63668069n-71n72173n

11A (67)

6@66m6 /1-68n69170n

65m66m6 7n-68n69m 701

64065n6 7n-68r70m7 21

65m66m6 /n-68n69170n

11B (67)

6465n66m-6816917 0

64566n6 7n-68169m 7O

6516616 7n-68n71n7 21

65166n6 /n-68169m 7 0n

11C (67)

6466n6 7n-68n69n7 In

65166n6 7/n-68n69n 7 In

6406516 7n-68n71n7 26

6216516 7n-68r70n7 1n

11D (86)

8085n86mn-88189n91n

84085n86m-8 7188189

79580086m-88n93n95n

81n84086m-8 7188189

11E (75)

7873n74n-76r77r78n

73n74r75n-76n7 77 8n

73t74n75n-76n80n83c

73n74n75n-76n7 77 8n

11F (74)

7672n73n-75n76n78n

72 73n74n-75176n 780

72r73n74n-7517 91800

72n73n74n-757 Tn78n

11H (65)

o|o|~|o|u|h|lw|dRZ

6462565n-66n6 7168t

63164n651-66168169n

631641651-66n6 7n68r

63164n65n-6616 7n68t

11J (70)

6668r70n-71n72rn73n

65066670r-71n72173n

65066070r-7 1721751

68n69670n-71n72n74n

11K (75)

7874n75r-76n77n79n

72674n75n-76n77n79n

7165726 75n-76n80n83c

676690 75n-76m78n 79

11M (78)

7475078n-79180n81n

7567 7n78r-79n80n81n

7567 7r78r-79180n81n

756777 8n-79n81n82n

15A (87)

8485n86mn-88189m90r

8518618 7n-88n89m90n

84n86n87n-88n90n9 1n

82586n8 7n-8819019 1n

158 (79)

7677n78r-80n81182r

7T 78r79n-80n81n82n

77781 79n-80n83n84n

77n78n79n-80n81n82n

15C (81)

7879n80n-82n83n84n

78580n8 1n-82183n84n

79n80n81n-82186n8 7

7980n81n-82183n84n

15E (83)

7880n82r-84n85n86n

81n82rn83n-84n85n86n

81n82183n-84n88n910

81n82n83n-84n85n86n

15F (91)

8388590n-92193194n

89190n91n-92193n94n

89190n9 1n-92194n96n

8I90n91n-92194n 951

15G (91)

8388590n-92195196n

8990n9 1n-93n94n95r

8990n9 1n-92194n951

8990n91n-92194n95n

Atom 9 is a nitrogen atom belonging to ring B (§ég. 2). A higher value fof/y(LUMO + 2)* is achieved by

raising this MO’s population. (LUMO+2) is of = nature in 11 molecules and ®m nature in 3. We suggest that
atom 9 is interacting with a rich-electron moietly @HIKV through at least (LUMQ} and (LUMO+1)*. An

optimal molecular system should have its three Bi@cal vacant MOs of atom 9 sfnature. Figure 4 shows four
examples of (LUMO+2y [94].
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Figure 4. (LUMO+2)¢* in molecules 4 (upper left), 5 (upper right), 13lower left) and 18

We can see that in molecules 4, 5 and 18 that &tdnelongs tar systems possessing different localizations and
population densities. Atom 2 is a nitrogen atomobging to ring A (see Fig. 2). A higher value for

F,(LUMO+1)* is obtained by raising the corresponding MO poiprta (LUMO+1)* is of = nature in all

molecules. This suggests that atom 2 is interactiitp an electron-rich moiety of CHIKV through agalst
(LUMO),* and (LUMO+1)*. Atom 7 is a nitrogen atom belonging to ring BedsFig. 2). A lower value of

S,E( HOMO-2)* is obtained by shiftingthe MO energy downwards,degreasing the MO population or by

both methods. (HOMO-2) is of = nature in 7 molecules and efnhature in 7. We know that occupiedMOs can
act as electron donors aadccupied ones cannot. In general terms, (HOM®<2) or &) seems to participate in a
repulsive interaction with occupied MOs of somet pfiICHIKV. Then, a way to minimize this repulsiirgeraction

is by shifting the (HOMO-2} energy downwards and keeping #sature. This is becauseMOs lie in the plane
of ring B (see Fig. 2) while MOs are perpendicular to that plane and thereiffatleract more strongly with the
occupied MOs of a CHIKV moiety. In summary: atonséems to interact with empty MOs located on a CHIKV
moiety through at least (HOM&) and perhaps (HOMO-3). This moiety has one or more occupied MOs,
probably oft nature, that repel (HOMO-Z) The participation of (HOMO-1¥ is not mandatory because there is at
least one molecule in which (HOMO-1)s of ¢ nature. Atom 15 is a carbon atom belonging to @ngsee Fig. 2).

(LUMO+1),5* is of n nature in all molecules. A low value &f,(LUMO +1)* suggests that atom 15 interacts

through (LUMO)s* with an electron-rich CHIKV moiety. This moietyrgbably also contains one or more vacant
MOs repelling (LUMO+1)s*. All these suggestions are encompassed in thisaptwo-dimensional (2D) inhibition
pharmacophore shown in Fig. 5.
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Fig. 5. Partial 2D inhibition pharmacophore

A corollary of these results is that the commonretke hypothesis seems to be validated for this.cas

Molecular Electrostatic Potential (MEP)

Molecules that need to be recognized and guideghtinteraction site should have a qualitativelyilsimthree-
dimensional MEP map. Figure 6 shows the MEP mapaiécules 2 and 11F at 4.5 A from the nuclei [95].

Electrostatic Potential

0.0210

. 0.00730

0.00123

I -0.00894

-0.0191

Figure 6. MEP map of molecules 1 (left) and 8 (righ at 4.5 A from the nuclei

We can see that there are at least three perceptibhmon areas in the figure. The first one isdidudk blue region
of positive MEP at the left-center part of the noolles. The second and third ones are the weaklgtivegregions

located at the bottom and upper right parts ofleéecules. Figure 7 shows the MEP map of the saoleaules for
surfaces with isovalues of £0.01 [94].

Figure 7. MEP map of molecules 1 (left) and 8 (righ. The green isovalue surface corresponds to nega MEP values (-0.01) and the
yellow isovalue surface to positive MEP values (QL)

We can see that the two MEP maps are very similae. most important fact to notice is the directtiehship
between the sign of the MEP map at certain voluimélse molecules and the proposed pharmacophorietddpn
Fig. 5. It was suggested that atoms 2, 9 and lfdcimteract with electron-rich moieties. These etigis can
effectively interact with these atoms if the MEPm@ound them is positive, a condition that isyfatisfied. The
other suggestion is that atom 7 seems to interébt avregion with vacant MOs. From Fig. 7 we car fat a
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negative MEP area surrounds atom 7, facilitatirgititeraction of this atom with its partner. Theref the QSAR
results are in full qualitative agreement with MEP map structure.

Conformational aspects

Molecule 14 is the most active in the series andeocuwbe 16 one of the least active ones. Figuredvstthe ten
lowest energy conformers of these two moleculesingtl with MarvinView and superimposed with Hypech
[96, 97].

Figure 8. Superimposition of the ten lowest energgonformers of 14 (left) and 16 (right)

We can see that the -OCH(@H substituent can adopt four spatial orientationddth molecules. Before the
molecule approaches the site, it is highly posditdé a mixture of conformers exists, a mixture thidl depend on
the exact microscopic composition of the vitro milieu. Results from the X-ray structure of frozdrug-site
complexes or drug-site docking studies can be usefy if it is first demonstrated that they refléhe reality of the
dynamic situation existing in the experimentaliggttin the case of these molecules, two factsateworthy. The
first is that the relative positions of rings A,aBd C is almost the same in both molecules. Thenseis that their
only structural difference lies in an ethyl suhstitt (in 14)versusa CH(Me} (in 16). Then, the only explanation for
such different inhibitory activities must involvieet effect that these substituents have on the wholecular orbital
structure and not only on the specific carbon atmmwhich they are attached. Simple quantum chemical
considerations within a LCAO-MO framework indicdteat the CH(Me) substituent will add three moke MOs
than the ethyl substituent. These “extra” MOs wilbduce changes in the energies and localizatidheofemaining
MOs with the consequent changes in the valueseofdtal atomic reactivity indices and in the conifias of the
set of local atomic MOs (compare the local MOstofha9 in both molecules, Table 4). This is the saase when
we compare molecules 1 and 2: N8 has been exchdag&@H (see Fig. 2), the aromaticiy has been pueskbut
the inhibitory activity is considerably reducedthe latter case. Finally, equation 2 indicates iy Yeigh degree of
orbital control [98, 99], suggesting that the gite sites) involved in the inhibition process amrwselective. The
results strongly suggest that we are dealing witlingle site on the CHIKYV that it is related to thentrol of the
viral replication machine.

CONCLUSION

We have obtained a formal relationship betweenirthiition of CHIKV-induced cytopathic effect andeetronic
structure for a group of [1,2,3]triazolo[4dpyrimidin-7(6H)-one derivatives. We have established some
conditions that could lead to more active moleculgishough the action mechanism is unknown, theultes
obtained here suggest that these molecules acsimgle site involved in the viral replication syst.
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