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Abstract: 

 

5HT1A receptor targeting drugs have been used as the treatment for the many neuropsychiatric 

disorders, such as schizophrenia and depression. As a part of ongoing research, we designed series of 

new compounds that share arylpiperazine common structural motif with the 5HT1A receptor ligand 

aripiprazole. Receptor-ligand interactions were determined by the molecular docking simulations, 

revealing the positive impact of the phenyl substitution in the arylpiperazine part of the molecules. Nine 

selected compounds were synthesized in four reaction steps in high overall yields (59-73%). In vitro 

pharmacological evaluation of the synthesized compounds revealed three compounds (5b, 6b and 6c) 

with high 5HT1A binding affinity, comparable with aripiprazole (Ki 12.0, 4.8, 12.8, 5.6 nM, 

respectively). Compounds from b series, 5b and 6b, possess 2-methoxyphenyl substituents, while 6c 

possess 2,3-dichlorophenyl substituent in the arylpiperazine part of the molecule. The pharmacological 

results are therefore in accordance with the molecular docking simulations thus proving the rational 

design. Compounds 5c, 6b and 6c can be considered as the candidates for further evaluation as new, 

potential antidepressants. 

 

Keywords: 5HT1A, aripiprazole, arylpiperazines, molecular docking, binding assay 

 

1. Introduction  

 

Depression is one of the most abundant neuropsychiatric disorders, present in more than 300 million 

people worldwide. Followed by serious symptoms affecting person’s behaviours and feelings which 

often lead to suicidal intentions, represents a global health issue.[1] Having that in mind, the 

development of new therapeutics for the treatment of depression symptoms has been scientificaly 

imortant form many years because of the limited efficiancy of the curent aproved drugs.[2] One of the 

targets for the development of new antidepressants is serotonine 5HT1A repceptor. Some antidepressants 

known to bind to 5HT1A receptor possess N-arylpiperazine structural motifs. Aripiprazole represents 

one of such molecules, recently approved for the treatment of the major depressive disorder.[3] 

Recent advances in serotonin receptors structure research gave us a number of crystal 5HT1A 

receptor structures, most notably 5HT1A bound to the aripiprazole.[4] This discovery prompted us to re-
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evaluate a docking analysis of previously synthesized compounds,[5,6] since they share minimal 

common arylpiperazine structure with aripiprazole. Based on these findings we designed some new 

arylpiperazine derivatives which were subjected to the detailed molecular docking analysis using the 

crystal structure of 5HT1A receptor with aripiprazole. Nine novel N-{4-[2-(4-aryl-piperazin-1-yl)-

ethyl]-phenyl}-arylamides (5a-c - 7a-c) were then selected for the synthesis and pharmacological 

evaluation.  

 

2. Result and discussion  

 

2.1. Molecular docking 

 

Docking analysis was done using aripiprazole-bound serotonin 5HT1A receptor-Gi protein complex 

receptor model (PDB: 7E2Z)[4] and selected ligands (Figure 1, Table 1.). All ligands were protonated 

at physiological pH (pH=7.4). Schrodinger Maestro software induced fit docking procedure was carried 

out using standard protocol and flexible ligand/flexible bind site. Receptor binding site was determined 

using bound aripiprazole position. The dimensions of the grid box and receptor setup were 10x10x10 

(x,y,z) Å during docking study, respectively, with a grid space of 1 Å.  Up to 20 docking poses within 

30 kcal/mol of the best docked pose were generated and results were sorted based on the docking score 

and number of key receptor-ligand interactions.[7,8] 
 

A 

 

B 

 

 

Fig. 1. 2D docking schematics of ligand and 5HT1A receptor. A: Best docking pose of 6b in the active site of the 

5HT1A; B: Best docking pose of 6c in the active site of the 5HT1A. The most relevant interacting residues are 

labeled. Key interactions are color coded as follows: purple – electrostatic interactions (salt bridge, hydrogen 

bonding), green – aromatic interactions (edge to face, C-H…Pi). Gray nodes represent solvent accessible ligand 

atoms. 

 

5HT1A receptor binding site can be divided in two distinctive parts. Orthosteric binding site (OBS) 

that is located deep inside the binding cavity, between transmembrane helices 3 and 5 and extended 

binding pocket (EBP) bordering extracellular space, and formed in part by receptor extracellular loops. 

OBS is responsible for binding of arylpiperazine part of the ligand, and correct ligand orientation in the 

receptor binding site. Key interactions observed in OBS are with Asp116 (salt bridge), and number of 

aromatic interactions with Phe361 and 362 (edge-to-face, C-H…Pi) as well as hydrogen bond with 

Ser199. On the other side, EBP forms number of hydrogen bonds with ligand, that adds to binding 

affinity. Key interactions in the EBP are with Asn100 and Asn386, reinforced by aromatic interaction 

(edge-to-face) with Tyr96.  

Obtained results showed that compounds 6b and 6c have most key interactions. The best docking 

pose of the compounds revealed the key interactions of the arylpiperazine part of the molecule in the 

OBS are the salt bridge with Asp116 and hydrogen bond with Ser199 (6b, Figure 1. A) and aromatic 

interactions with Phe361, Phe362 (6c, Figure 1. B). The most notable interactions of the carboxamide 

part of the molecule in the EBP included hydrogen bonds with Asn100, Asn386 and aromatic 

interactions with Tyr96 (Figure 1.). 

 

2.2. Chemistry 

 

The general synthetic route towards 5 a-c, 6 a-c and 7a-c is presented in Scheme 1. 
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Scheme1. Reagents and conditions for the synthesis of 5 a-c, 6 a-c and 7a-c: (i) Arylpiperazine, 

propylphosphonic acid anhydride (PPAA), N,N-dimethylformamide (DMF), r.t.; (ii) B2H6, THF, 0°C for 6 h, r.t. 

for 1 h, then reflux for 2 h; (iii) NH4CHO2, 10% Pd/C, MeOH, (iv) ArCO2H (3-hydroxybenzoic acid for 

preparation of  5 a,b,c or 4-hydroxybenzoic acid for preparation of  6 a,b,c or 2-(4-hydroxyphenyl)acetic acid 

for preparation of  7 a,b,c), PPAA, DMF, r.t. 
 

Acylation of the appropriate arylpiperazine by 4-nitrophenylacetic acid 1 afforded amides 2 a-c, 

which upon reduction by B2H6 provided corresponding amines 3 a-c. Reduction of the nitro group in 3 

with Pd/C/ammonium formate, followed by N-acylation of 4 with aryl acids, yielded final products 5 

a-c, 6 a-c and 7a-c in high overall yields (59-73%). All compounds were spectroscopically 

characterized.  

 

2.3. 5HT1A binding assay  

 

Competitive binding assay at serotonin 5HT1A receptors was performed using radio ligand [3H] 8-

OH-DPAT, as previously described.[5] The observed Ki values (Table 1.) indicated that introduction of 

2-methoxy and 2,3-dichloro substituents on the phenyl ring of arylpiperazine part of the molecule has 

positive impact on the 5HT1A receptor binding affinity.  
 

 

Biggest affinity gain was observed in the case of ligands 5b, 6b and 6c compared to 

phenylpiperazine derivatives 5a and 6a respectively. The binding affinity of the most active compound 

from the series 6b compared with aripiprazole [9] (4.8 and 5.6 nM, respectively), illustrates the positive 

impact of the 2-methoxy substituent on the phenyl ring in the arylpiperazine part of the molecule, which 

is in accordance with the molecular docking analysis. 
 

3. Conclusions 

 

In summary, molecular docking analysis was performed on aripiprazole-bound serotonin 5HT1A 

receptor-Gi protein complex receptor model and newly designed ligands. Nine selected N-{4-[2-(4-

aryl-piperazin-1-yl)-ethyl]-phenyl}-arylamides were synthesized and pharmacologically evaluated. 

Based on the observed interactions with the binding site, molecular docking analysis predicted the best 

binding affinities for the two compounds from the series, 6b and 6c. In vitro obtained 5HT1A binding 

affinities are in accordance with molecular docking predictions. Three compounds (5b, 6b and 6c) are 

highlighted as the best candidates to be further investigated as potential antidepressants. 

 

Table 1. Summary of  affinity activities (Ki) and observed key interactions for tested ligands and 

5HT1A receptor 

Compound Ki (nM) Observed key interactions 

5a 37.8 Asn100, Asp116, Phe361, Phe362 

5b 12.0 Asn100, Asn386, Asp116, Phe361, Phe362, Ser199 

5c 35.4 Asn100, Asp116, Phe361, Phe362 

6a 52.2 Asn100, Asn386, Asp116, Phe361, Phe362 

6b 4.8 Tyr96, Asn100, Asn386, Asp116, Phe361, Phe362, Ser199 

6c 12.8 Tyr96, Asn100, Asn386, Asp116, Phe361, Phe362 

7a 1887 Tyr96, Asn386, Asp116, Phe361, Phe362 

7b 46.8 Asn100, Asn386, Asp116, Phe361, Phe362, Ser199 

7c 25.7 Asn100, Asn386, Asp116, Phe361, Phe362 

aripiprazole 5.6 Tyr96, Asp116, Phe361, Phe362 
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