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Abstract: In this work, a computational chemical study of the naratriptan was 
carried out at the X/DGDZVP (where X = B3LYP, M06, M06L and ωB97XD) 
level of theory, the results suggest the existence of two possible conformers in 
the aqueous phase. The evaluation of the global and local reactivity descriptors 
indicates that both conformers show the same chemical behaviour. The dock-
ing studies reveal that both conformers bind to TYR359 residue of the 5HT1B 
receptor. Also, the first conformer binds to the receptor through THR209 and 
THR213 while the second one through THR209 and SER 212. 
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INTRODUCTION 
Migraine is a common neurovascular disorder,1,2 characterized by moderate 

to severe headaches, which in some cases are accompanied by dizziness, nau-
sea,2,3 hypersensitivity to light, sounds, and odours2. According to studies rep-
orted in the literature, migraine is considered a hereditary dysfunction of sensory 
modulation networks.1,4 In this sense, the mitigation of the discomfort caused by 
migraine can be done through drugs capable of reducing the activity of secondary 
neurons, which allows effective treatment of pain caused by this condition.4 In 
this sense, Naratriptan (N-methyl-3-(1-methyl-4-piperidinyl)-1H-indol-5-ethane) 
is a second generation triptan drug,5,6 see Fig. 1, selective for the 5-hydroxytryp-
tamine (5HT) receptor subtype and is able of causing a therapeutic effect in 
migraine patients.7 Also, naratriptan has no clinical effects on blood pressure or 
heart rate,8 and has a long duration of action with very good tolerability and a 
high oral bioavailability. Moreover, naratriptan is excreted largely as unchanged 
drug in the urine,9 which eliminates the possibility to generate metabolites with 
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undesirable side effects. Here, it is interesting to mention that some triptanes 
exhibit polymerphism, which generate structures with different physicochemical 
behaviour in properties of pharmaceutical interest.10 However, for naratriptan 
only one principal conformer has been reported (National Center for Biotechno-
logy Information. PubChem Database; naratriptan, CID = 4440, 2019), although, 
other investigations suggest the existence of polymorphic forms of naratriptan, in 
solid phase, but without report of the structures.11 To our knowledge, a comput-
ational chemical study of naratriptan to evaluate its global and local reactivity 
descriptors in aqueous phase is still missing. We consider that this kind of study 
will contribute to get a better understanding of the chemical behaviour of this 
important serotonergic agonist and a vasoconstrictor agent, in the aqueous phase. 

 
Figure 1. Naratriptan (N-methyl-3-(1-methyl-4-piperidi-
nyl)-1H-indol-5-ethane) structure. 

Theory 
Global reactivity parameters. Global reactivity parameters such as the electronic chem-

ical potential (μ), electrophilicity (χ), hardness (η) and the electrophilicity index (ω) are used 
to understand the general chemical behaviour of a molecule.12,13 They can be evaluated within 
the framework of the DFT through Eqs. (1)–(4), respectively:14–17 
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In these equations, the variables E, N and ν(r) are the energy, number of electrons and 
the external potential exerted by the nuclei, respectively. I is the ionization potential while A 
corresponds to the electronic affinity. Also, some reports suggest that the Koopmans’ theorem 
may become valid for calculations of the global reactivity parameters at the DFT level.15,18,19 
Under this approximation, A is related to the minus lowest unoccupied molecular orbital 
(LUMO) energy (–εL), while I is associated with the minus highest occupied molecular orbital 
(HOMO) energy (–εH).15,18,19 On the other hand, the electronic chemical potential is asso-
ciated to the escaping tendency of an electron,18 η is related to the stability of the molecular 
system;14,15 while ω measures the susceptibility of chemical species to accept electrons.19 

Thus, low values of ω suggest a good nucleophile while higher values indicate the presence of 
a good electrophile. Besides, it is possible to define the electrodonating (ω-) and electroaccept-
ing (ω+) powers as:19 
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Local reactivity parameters. Probably, the Fukui function(f(r)) is one of the local para-
meters most used to identify the more reactive regions or sites on a molecular system,20,21 
which is defined as:22 
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where ρ(r) is the electronic density. From Eq. (7), it is clear that FF indicates the regions 
where a chemical species will change its electronic density, when the number of electrons is 
modified, which is useful to identify the preferred either molecular regions, susceptible to 
electrophilic or nucleophilic attacks.21 In this sense, FF can be evaluated using different 
approximations, but the more employed are: a) frozen core approximation (FC),22 b) finite 
differences (FD)22 and c) atomic charges.23 In the FC approximation, FF for electrophilic and 
nucleophilic attacks can be evaluated through the Eqs. (8) and (9), respectively: 

 ( ) ( ) ( ) ( )*
H H Hf r r r rϕ ϕ ρ− = =  (8) 

 ( ) ( ) ( ) ( )*
L L Lf r r r rϕ ϕ ρ+ = =  (9) 

In these equations, ρH(r) is the electronic density of the HOMO, while ρL(r) is the 
electronic density of the LUMO. 

In the FD approximation, FF the electrophilic, nucleophilic and free radical attacks can 
be evaluated by Eqs. (10)–(12), respectively: 

 ( -1)( ) ( ) ( )N Nf r r rρ ρ− = −  (10) 

 ( ) ( ) ( )+1N Nf r r rρ ρ+ = −  (11) 

 ( ) ( ) ( )0
+1 -1

1
2 N Nf r r rρ ρ= −     (12) 

where ρN+1(r), ρN (r), and ρN-1(r) correspond to the electronic density of the anion, neutral 
and cationic chemical species, respectively. 

Also, it is possible to condense the FF to an atomic position, employing the values of the 
atomic charges, as is shown inEqs. (13)–(15): 

 ( )-
j j( -1) j( )N Nf r q q= −  (13) 

 ( )+
j( ) j( +1)j N Nf r q q= −   (14) 

 ( ) ( )( )0
j( -1) j +1j

1
2 N Nf r q q= −   (15) 

where qj is the atomic charge (evaluated from Löwdin, Mulliken or Hirshfeld population 
analysis, electrostatic derived charge, etc.) at the jth atomic site in the neutral (N), anionic 
(N+1) or cationic (N–1) chemical species. In the present work, Hirshfeld population have been 
used to evaluate the values of the Condensed Fukui function(CFF), because Hirshfeld charges 
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are less sensitive to the basis set size employed, in comparison to the Löwdin or Mulliken 
charges. Additionally, the CFF values obtained through Hirshfeld charges are consistent when 
different electronic structure methods are employed.24 

COMPUTATIONAL METHODOLOGY 
The conformational analysis of naratriptan was carried out using molecular mechanics, 

and molecular dynamics (not shown). The optimal conformations of naratriptan were sub-
jected to full geometry optimization in the aqueous phase employing the X/DGDZVP,25 
(where X = B3LYP,26,27 M06,28 M06L29 and ωB97XD30) level of theory. Solvent phase 
optimization were carried out using the polarizable continuum model (PCM) developed by 
Tomasi and coworkers.31,32 In all cases the vibrational frequencies were calculated to make 
sure that the stationary points were minima in the potential energy surface. All the quantum 
calculations reported here were performed with the package Gaussian 09,33 and visualized 
with the GaussView V.3.09,34 Arguslab,35 Gabedit36 and Multwfn37 packages. Docking study 
was done through the PYRX,38 and Autodock Vina39 packages and visualized employing 
Chimera,40 Pymol41 and LigPlot+.42 

RESULTS AND DISCUSSION 

Geometry optimization 
From the conformational analysis, it was possible to identify the two lowest 

energy conformations of naratriptan, see Fig. 2. These conformations were opti-
mized without restrictions at the X/DGDZVP25 (where X = B3LYP,26,27 M06,28 
M06L29 and ωB97XD30) level of theory, in the gas and aqueous phases. Here, it 
is important to mention that significant differences were not obtained, neither in 
distances nor angles, when the solvent effect was considered at the different 
levels of theory employed in this work. All frequency values calculated at the 
X/DGDZVP25 (where X = B3LYP,26,27 M06,28 M06L29 and ωB97XD30) level 
of theory were positive in the aqueous phase and are in good agreement with the 
values reported in the literature;43 which suggests that the level of theory emp-
loyed is able to predict the electronic properties of naratriptan. A summary of the 
main bands is depicted in Fig. S-1 of the Supplementary material to this paper. 

The total energy calculated in the gas phase, at the B3LYP/DGDZVP level 
of theory for the conformer I (Nar-I) is –1375.77174094 hartrees, while its 
HOMO–LUMO gap is 4.97 eV. The energy for conformer II (Nar-II) is 
–1375.77163113 hartrees and its HOMO–LUMO gap is 4.95 eV. An energy dif-
ference of 0.067 kcal* mol–1 suggests that both structures are equivalent. In 
aqueous phase, the energies of Nar-I and Nar-II are –1375.79387626 and 
–1375.79377903 hartrees respectively, with a difference of 0.061 kcal mol–1. 
Also, the energy difference between the naratriptan in the gas phase in compar-
ison to the same molecule in aqueous phase is 13.9 kcal mol–1, in both cases, 
which suggests that Nar-I and Nar-II have the same solvation energy. 

                                                                                                                    

*  1 kcal = 4184 J 
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Fig. 2. Naratriptan conformers: a) Nar-I and b) Nar-II, optimized at the B3LYP/DGDZVP 

level of theory in the aqueous phase employing the PCM solvation model. Bond distances are 
given in Å; DA = dihedral angle. 

From Fig. 2, it is possible to observe a different orientation of the sulfon-
amide group in Nar-I in comparison to Nar-II, which may be caused by the pre-
sence of noncovalent interactions. In this sense, it is possible to determine these 
interactions through the NCI index proposed by Johnson et al.,44 through the plot 
of the reduced density gradient (s(r), versus ρ(r), where s(r) is given by: 
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According to the NCI index in regions far from the molecule the density 
decays to zero exponentially and in consequence the reduced gradient will have 
large positive values, while that in regions of covalent bonding and noncovalent 
interactions, the reduced gradient will have values close to zero.44 Fig. S-2 of the 
Supplementary material shows a 2D NCI plot for Nar-I and Nar-II and at the low 
reduced gradient region both plots are exhibiting a similar number of spikes, but 
at 0.009 for Nar-I, there is an additional interaction which is not present in Nar- 
-II. This interaction may be related to a noncovalent interaction. In order to elu-
cidate the nature of this interaction the s(r) isosurfaces of Nar-I and Nar-II were 
plotted, see Fig. S-3 of the Supplementary material, where it is shown that the 
additional interaction observed in the 2D NCI plot is corresponding to a hydro-
gen bond. 

Global reactivity parameters 
The global reactivity descriptors for Nar-I and Nar-II were evaluated emp-

loying the Eqs. (1)–(6) and they are reported in Table I. Note that the values of 
all the descriptors for Nar-I and Nar-II are similar when they are compared at the 
same level of theory, which suggests the same global chemical behaviour of the 
two conformers. 
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TABLE I. Global reactivity parameters, for Nar-I and Nar-II, evaluated at the X/DGDZVP25 
(where X = B3LYP,26,27 M06,28 M06L29 and ωB97XD30) level of theory and in the aqueous 
phase, employing Eqs. (1)–(6). The values between parentheses corresponds to the values 
calculated employing the Koopmans’ theorem. 
Procedure I / eV A / eV μ / eV η / eV χ / eV ω / eV ω+ / eV ω- / eV Δω / eV 

Nar-I 
B3LYP 5.59 

(5.69) 
0.89 

(0.75) 
–3.24 

(–3.22)
4.69 

(4.94) 
3.24 

(3.22) 
1.12 

(1.05) 
0.46 

(0.40) 
2.08 

(2.01) 
2.53 

(2.40) 
M06 5.68 

(5.98) 
0.95 

(0.59) 
–3.32 

(–3.29)
4.73 

(5.39) 
3.32 

(3.29) 
1.16 

(1.00) 
0.48 

(0.35) 
2.14 

(1.99) 
2.62 

(2.34) 
M06L 5.37 

(5.01) 
0.86 

(1.20) 
–3.11 
(3.10) 

4.51 
(3.81) 

3.11 
(3.10) 

1.07 
(1.26) 

0.44 
(0.61) 

1.99 
(2.16) 

2.43 
(2.76) 

ωB97XD 5.79 
(7.62) 

0.82 
(–1.08) 

–3.31 
(–3.27)

4.97 
(8.70) 

3.31 
(3.27) 

1.10 
(0.62) 

0.43 
(0.07) 

2.08 
(1.70) 

2.51 
(1.77) 

Nar-II 
B3LYP 5.58 

(5.68) 
0.89 

(0.74) 
–3.23 

(–3.21)
4.69 

(4.94) 
3.23 

(3.21) 
1.12 

(1.04) 
0.45 

(0.40) 
2.07 

(2.00) 
2.52 

(2.40) 
M06 5.67 

(5.97) 
0.93 

(0.57) 
–3.30 

(–3.27)
4.74 

(5.40) 
3.30 

(3.27) 
1.15 

(0.99) 
0.47 

(0.34) 
2.13 

(1.98) 
2.60 

(2.32) 
M06L 5.36 

(5.00) 
0.84 

(1.18) 
–3.10 

(–3.09)
4.52 

(3.83) 
3.10 

(3.09) 
1.06 

(1.25) 
0.43 

(0.59) 
1.98 

(2.14) 
2.41 

(2.73) 
ωB97XD 5.78 

(7.61) 
0.81 

(–1.09) 
–3.30 

(–3.26)
4.98 

(8.71) 
3.30 

(3.26) 
1.09 

(0.61) 
0.42 

(0.07) 
2.07 

(1.70) 
2.49 

(1.76) 

Local reactivity parameters 
The local reactivity of a molecular system can be evaluated through the 

Fukui Function, employing different approximations. Fig. S-4 of the Supplement-
ary material shows the distribution of the electrophilic sites on Nar-I and Nar-II, 
employing the FC approximation. For both conformers the HOMO’s distribution 
is located on the piperidinyl-indole section, while that LUMO’s distribution is 
located on the indole ring. On the other hand, the Fukui functionevaluated for 
Nar-I, employing the FD approximation (Eqs. (10)–(12)) is reported in Fig. 3. 
For the case of Nar-I, the more nucleophilic active sites are 2C, 3C and 11C, Fig. 
3a, located on the piperidinyl-indole section; while the more electrophilic active 
sites are on the 10C, 12N and 16N atoms, see Fig. 3b. The more reactive sites to 
free radical attacks are located on 2C, 3C and 11C, see Fig. 3c. For the case of 
Nar-II, the more nucleophilic active sites are located on 2C, 3C and 11C (see Fig. 
S-5a of the Supplementary material). For electrophilic attacks, the more reactive 
sites are located are on 10C, 12N and 16N positions (Fig. S-5b), while for free 
radical attacks the more reactive sites are 2C, 3C and 11C (Fig. S-5c). From these 
results, it is clear that the more reactive sites are located on the same positions in 
both conformers, which is indicative that they are exhibiting the same reactivity 
at the local level to the different kind of attacks. Similar results to those obtained 
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in Figs. 3 and S-5 were obtained at the level of theory X/DGDZVP25 (where X =  
= B3LYP,26,27 M06,28 M06L29 and ωB97XD30). 

 
Fig. 3. Isosurfaces of the Fukui Functions for Nar-I according to Eqs. (10)–(12) at the 
B3LYP/DGDZVP level of theory employing the PCM solvation model. In the case of: 

a) nucleophilic, b) electrophilic and c) free radical attacks. In all cases the isosurfaces were 
obtained at 0.004 e/u.a.,3 dashed circles show the more reactive zones in each molecule. 

Also, it is possible to condense the Fukui function through Eqs. (13)-(15) to 
identify the pint point distribution of the active sites, because the higher values of 
CFF correspond to more reactive atoms in the referent molecule.45 In the case of 
Eqs. (13)–(15), we used the Hirshfeld population to evaluate the values of CFF 
because the values obtained are non-negative.20,46 The values of CFF for electro-
philic, nucleophilic and free radical attacks at the B3LYP/DGDZVP level of 
theory employing the PCM solvation model for Nar-I are reported in Fig. 4. It is 
possible to observe that Nar-I exhibit more nucleophilic sites on 3C, 2C and 11C. 
In the electrophilic case, the more reactive sites are 10C, 11C and 12N while that 
for free radical attacks the more reactive sites are 2C, 3C and 11C. For the case 
of Nar-II, the more reactive sites, at the B3LYP/DGDZVP level of theory, are 
identical to those reported for Nar-I. Moreover, these results are coincident with 
those derived from the FF reported in Figs. 3 and S-5, which suggests that a 
change of the orientation of the sulfonamide group is not modifying the position 
of the more reactive sites on Nar-I and Nar-II.  
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Fig. 4. Condensed Fukui function values for nucleophilic attacks on Nar-I at the X/DGDZVP 

(where X = B3LYP, M06, M06L and ωB97XD) level of theory, in the aqueous phase 
employing Hirshfeld population and Eqs. (13)–(15). 

In Figs. S-6–S-8 of the Supplementary material are reported the CFF of Nar-I 
for the nucleophilic, electrophilic and free radical attacks respectively, at the 
X/DGDZVP (where X = B3LYP, M06, M06L and WB97XD) level of theory, in 
the aqueous phase employing Hirshfeld population. For Nar-II the results are rep-
orted in Figs. S-9–S-11 of the Supplementary material, for the nucleophilic, the 
electrophilic and the free radical attacks, respectively. The local reactivity of 
Nar-I and Nar-II through the evaluation of the Fukui function employing the FC 
and FD approximations are in agreement with the CFF values. 

Also, the chemical reactivity of Nar-I and Nar-II was analyzed through maps 
of the molecular electrostatic potential (MEP).47 The MEPs for Nar-I and Nar-II 
are depicted in Fig. S-12 of the Supplementary material. In these images, the 
areas of negative potential (red colour), are characterized by an abundance of 
electrons while areas of positive potential (blue colour), are characterized by a 
relative lack of electrons. In the case of Nar-I and Nar-II the nitrogen atoms 
exhibit the lowest values of potential in comparison to the other atoms; conse-
quently they have a higher electron density around it, and shows that the oxygen 
atoms as the places with the lowest potential and therefore they are the more 
electrophilic active sites. Additionally, in order to analyze the possible influence 
of the naratriptan confomers in their role as receptor agonists for treatment of 
migraine attacks, the optimal ligand/protein configuration and the binding affi-
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nity for Nar-I and Nar-II with 5HT1B was analyzed. The receptor 5HT1B has 
been identified as the target of triptane receptor agonists.7 Fig. S-13 of the Sup-
plementary material shows the Nar-I/5HT1B configuration, where the binding 
energy is –9.3 kcal mol–1 and Nar-II is interacting with 5HT1B with the same 
binding energy. In order to identify the residues in 5HT1B, which are interacting 
with naratriptan conformers, a 2D ligand interaction diagram was plotted emp-
loying the LigPlot+ software, see Fig. S-14 of the Supplementary material. Note 
that Nar-I establishes hydrogen bonds with Tyr359[O–H⋅⋅⋅N]; Thr213[O⋅⋅⋅N], 
Thr209[O⋅⋅⋅N] with a distance of 3.12, 3.07 and 3.18 Å, and hydrophobic inter-
actions with the residues Asp352, Val201, Thr355, Phe330, Ile130, Ser212. On 
the other hand, Nar-II is forming hydrogen bonds with Tyr359[O–H⋅⋅⋅N], 
Ser212[O⋅⋅⋅N], Thr209[O⋅⋅⋅N] with a distance of 3.04, 2.97 and 3.24 Å, 
respectively, and hydrophobic interactions with the residues Asp 129, Leu126, 
Val200, Asp352 Ile130, Thr213 and Phe331. In both cases Nar-I and Nar-II are 
interacting with 5HT1B at the same active site, suggesting the same agonist effect. 

CONCLUSION 

In this work, we analyzed the chemical reactivity of two conformers of nara-
triptan in aqueous phase. According to the global descriptors both conformers 
exhibit the same global and local reactivity. The docking study indicates that 
Nar-I and Nar-II are binding with the 5HT1B receptor through TYR359 residue. 
Additionally, Nar-I binds to the receptor through THR209 and THR213 while 
Nar-II through THR209 and SER 212. 
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Additional data are available electronically at the pages of journal website: https://  
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И З В О Д  
ТЕОРИЈСКО ИСТРАЖИВАЊЕ МОЛЕКУЛСКЕ СТРУКТУРЕ И МОЛЕКУЛСКОГ ДОКИНГА 

НАРАТРИПТАНА 

WENDOLYNE LÓPEZ-OROZCO1, CLARA HILDA RIOS REYES2 и LUIS HUMBERTO MENDOZA HUIZAR1 
1
Universidad Autónoma del Estado de Hidalgo. Academic Area of Chemistry. Carretera Pachuca-Tulancingo 

Km. 4.5 Mineral de la Reforma, Hgo., México и 
2
Universidad Lasalle Pachuca, Calle Belisario Domínguez 

202, Centro, 42000 Pachuca de Soto, Hgo. México 

У овом раду изведено је рачунарско хемијско проучавање Наратриптана на X/DGDZVP 
(где је X = B3LYP, M06, M06L и �B97XD) нивоу теорије. Резултати сугеришу постојање два 
могућа конформера у воденој фази. Израчунавање глобалних и локалних дескриптора реак-
тивности указује да оба конформера имају једнако хемијско понашање. Студије доковања 
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откривају да се оба конформера везују за TYR359 остатак 5HT1B рецептора. Дакле, први 
конформер се везује за рецептор преко THR209 и THR213док се други везује преко THR209 
и SER 212. 

(Примљено 29. децембра 2019, ревидирано 10 априла, прихваћено 11. маја 2020) 
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