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Abstract: Antihypertensive sartans, such as valsartan (VST), have been proven to competitively block 

access to angiotensin II type 1 receptor (AT1R), regulating arterial blood pressure. Despite various 

commercially available sartan drugs, more effective novel inhibitors capable of appropriate blood 

pressure control are still required. Here we suggest the rational design of new valsartan analogs based 

on the structural modification of the parent VST drug molecule. Six transformation routes of a VST 

scaffold were considered. The first three schemes are based on functionalizing the VST carboxylic 

group either into an ester group or an amide moiety, following different degrees of further chemical 

modifications. Next, the role of tetrazole ring alkylation in tuning inhibitory activity is examined. 

Finally, two series of deep recursive structural alterations of a parent VST drug were also outlined 

utilizing Ugi and Passerini reactions. The inhibitory activity of all novel VST derivatives against AT1 

receptor was screened using molecular docking calculations, followed by ADMET property analysis. 

Moreover, the binding affinity of ten well-known commercial sartans was also subject to re-docking 

against AT1R, allowing direct comparison with our designed VST derivatives. Altogether, our findings 

suggest that some proposed VST analogs may be promising candidates for developing and synthesizing 

novel antihypertensive agents. 

Keywords: antihypertensive drug; angiotensin II type 1 receptor; valsartan; sartan; drug design; 

molecular docking. 
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1. Introduction 

Antagonists of Angiotensin II type 1 receptor (AT1R) have been widely used to treat 

numerous diseases, such as hypertension, heart failure, myocardial infarction, and diabetic 

nephropathy [1]. Their beneficial effects are related to the inhibition of Angiotensin II by the 

blockade of AT1R. Valsartan (VST) is an orally active antihypertensive drug that selectively 

inhibits AT1R, causes a reduction in blood pressure, and is used to treat hypertension [2]. VST 

belongs to a broad family of antihypertensive sartans and has been well-tolerated in clinical 
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studies [3]. Therefore, it is a very good scaffold for generic industries and the development of 

novel, effective analogs. Moreover, many analytical methods have been developed to quantify 

and determine VST in biological fluids and pharmaceutical dosage forms [4-6]. 

Due to its essential pharmaceutical role, VST has also been explored by using 

computational chemistry tools. The conformational properties of VST have been analyzed both 

in solution and at the binding site of the receptor by using docking calculations and molecular 

dynamics (MD) simulations [7]. The interaction of valsartan and valsartan-Zn(II) complex with 

DNA has recently been studied by spectroscopic and in silico methods [8]. Most recently, 

active conformation of VST bound to AT1R has been studied by all-atom MD simulations [9]. 

The binding interactions of the AT1 antagonist losartan with dipalmitoylphosphatidylcholine 

(DPPC) bilayer have been studied by MD simulations [10]. Molecular insights into the AT1 

antagonism based on biophysical and in silico studies of telmisartan have been reported [11]. 

The role of the AT1 receptor flexibility in the binding of olmesartan and its derivatives in 

solution has been studied by all-atom MD simulations [12]. The role of the membrane bilayer 

in the recognition of candesartan by its G protein-coupled (GPC) AT1 receptor has been 

explored [13]. Finally, interactions of valsartan with a sodium dodecyl sulfate (SDS) micelle 

have been examined by MD simulations [14]. 

Modifying the structural scaffold of drugs already available on the market is a common 

strategy used by the pharmaceutical industries to optimize a drug design's performance [15-

18]. Following this strategy, here we suggest a rational drug design strategy based on the 

structural modification of the parent VST drug. We consider several transformation routes of 

a native VST scaffold to design novel VST analogs that reveal effective antihypertensive 

properties. Receptor-based molecular docking has become a powerful tool to screen the 

inhibitory activity of new compounds [18-28]. So, all designed VST derivatives were screened 

over molecular docking calculations against an AT1 receptor. For hit candidates,  the analysis 

of the drug-like property, such as Absorption, Distribution, Metabolism, Excretion, and 

Toxicity in the human body, referred to as ADMET, was evaluated. Finally, we also evaluated 

the binding affinity of ten well-known commercial sartans by their re-docking against AT1R, 

which allows us to make a direct comparison with our suggested VST hit-analogs. 

2. Materials and Methods 

2.1. Molecular docking setup.  

Molecular docking was carried out for all the designed valsartan derivatives against the 

angiotensin II type 1 receptor (AT1R) (PDB ID: 4ZUD) [29]. The receptor and ligands were 

prepared with the AutoDock Tools (ADT) software, version 1.5.7 [30]. The hydrogen atoms 

were added to the PDB structure by the ADT software. The same software was used to calculate 

the Gasteiger charges at the receptor and ligands. All molecular docking calculations were 

carried out using the AutoDock Vina 1.1.2 software [31]. We performed the semi-flexible 

docking, so the receptor macromolecule was kept rigid, and the ligand molecules were 

conformationally flexible. The Lamarckian genetic algorithm was used as a research parameter. 

The size of the cubic box generated by ADT in the region of the AT1 receptor interaction was 

assigned to be 606060 Å, The center of the grid box was set at Cartesian coordinates x=-

37.030, y=66.809 and z=26.261 with the grid point spacing set to 0.375 Å, respectively. For all 

molecular docking runs, the number of binding modes was set to 9 and the exhaustiveness to 

200. We performed up to three independent runs for each ligand using different random seeds. 
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The best docking mode of the ligand corresponds to the largest ligand-binding affinity. 

Molecular graphics and visualization were performed using VMD 1.9.3 [32]. 

2.2. ADMET virtual screening.  

The essential physicochemical characteristics of a bioactive molecule are its 

Absorption, Distribution, Metabolism, Excretion, and Toxicity in the human body, referred to 

as ADMET. In this study, we evaluated one of these parameters, namely, the lipophilicity 

parameter LogP, using the SwissADME web server [33]. 

3. Results and Discussion 

3.1. Molecular model of AT1R. 

The AT1R protein belongs to a family of G-protein coupled receptors (GPCRs) and 

consists of an amino-terminal extracellular region, a carboxyl group terminal intracellular tail, 

and eight, mostly hydrophobic, membrane-spanning α-helixes (TM1-TM8). Recently, several 

high-resolution structures of AT1R and its complex with agonists have become available [29, 

34]. Figure 1 shows the X-ray structure of AT1R in complex with Olmesartan ligand (PDB 

4ZUD). This high-resolution structure has already been used as the initial target for molecular 

docking and molecular dynamics simulations [35]. Therefore, after removing the ligand, we 

used this structure for our molecular docking calculations. Moreover, the binding position of 

the co-crystallized ligand allowed us to define a space grid box for molecular docking, as 

highlighted by a shaded area in Figure 1. 

 
Figure 1. The X-ray structure of AT1R in complex with olmesartan is shown as a color-coded cartoon (PDB 

4ZUD) [29]. Membrane boundaries, as defined by the CHARMM-GUI web server, are shown by dotted lines. 

Olmesartan is shown as licorice-colored blue. A grid box, selected for molecular docking calculations, is shown 

by a shaded square.  

3.2. Rational design of new VST analogs.  

The analysis of commercially available AT1R antagonists revealed that they bear the 

following structural features [36]: (i) aromatic segments suitable to form π-π stacking 
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interactions, including biphenyl tetrazole or biphenyl carboxylate and various heterocyclic 

rings; (ii) acidic moieties as tetrazole or carboxylate groups that can be ionized and form 

various acid-base forms in solution; (iii) alkyl aliphatic chain responsible for its hydrophobic 

interactions with the active site of the AT1R; (iv) other groups as hydroxyl or halogen that are 

also essential for specific interactions with the AT1 receptor. 

Therefore, a few series of new AT1R inhibitors were designed based on six structural 

modification routes of a parent VST structure, as outlined in Scheme 1. In the first two series, 

either the NH moiety of the tetrazole heterocycle is alkylated, or the carboxylic group of VST 

is esterified. The proposed structural modifications lead to two series, 1a-s and 2a-r, which can 

easily be synthesized. We considered the introduction of bulk hydrophobic moieties to enhance 

the binding affinity of designed VST derivatives towards AT1R. The list of proposed 

substituents R and R1 and the physicochemical properties of compounds 1a-s and 2a-r, are 

summarized in Table 1. 

 
Scheme 1. Outline of structure-based design of some novel VST derivatives following six modification routes: 

the tetrazole ring alkylation (tetrazole route (1a-s)) and the carboxylic group esterification (ester route (2a-r)); 

two amide group routes with varying substituents R1 (3a-m) and R (4a-i); Ugi and Passerini reaction routes lead 

to two other series of VST derivatives 5a-j and 6a-j.  

Before in silico screening the inhibitory activity of newly designed VST derivatives, 

we first examined the activity of the parent VST drug 1a towards AT1R by molecular docking 

calculations. We found that docking calculations correctly reproduce VST binding into the 

active site of AT1R with the binding affinity of -8.5 kcal/mol (Table 1). Figure 2 shows the 

binding configurations of VST (1a) within the binding pocket of the AT1 receptor. The VST 

ligand makes close contact with Thr88 by the tetrazole ring. Other essential residues 

contributing to the ligand binding are Tyr35, Trp84, and Tyr87, respectively. 

Theacid–base equilibria of VST are of great pharmacological importance because the 

action and liposolubility of VST depend on its charge, which, in turn, govern its passage across 

cell membranes during such processes as body absorption, distribution, and elimination. At 

physiological pH, VST can exist in anionic and dianionic forms [2, 6, 37]. 

https://doi.org/10.33263/BRIAC135.440
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC135.440  

 https://biointerfaceresearch.com/ 5 of 13 

 

 
Figure 2. Molecular docking of VST(1a) to the crystal structure of AT1R (PDB ID: 4ZUD). The binding site of 

the ligand overlaps the AT1R binding pocket so that only the nearest residues surrounding VST are shown. 

Ligand is rendered in CPK mode; a hydrogen bond formed by Thr88 residue is indicated by a dotted line.  

Table 1. Physicochemical parameters of designed VST derivatives 1a-s and 2a-r.  

Ligand R R1 
Molecular 

formula 

Mw 

(g/mol) 
LogPa 

Еb 

(kcal/mol) 

1a H H C24H29N5O3 435.53 3.72 -8.5 

1b Methyl H C25H31N5O3 449.55 3.91 -8.5 

1c Ethyl H C26H33N5O3 463.57 4.24 -8.1 

1d Propyl H C27H35N5O3 477.60 4.53 -8.0 

1e iso-Propyl H C27H35N5O3 477.60 4.55 -8.3 

1f n-Butyl H C28H37N5O3 491.63 4.80 -8.2 

1g tert-Butyl H C28H37N5O3 491.63 4.75 -8.5 

1h Cyclobutyl H C28H35N5O3 489.61 4.63 -8.4 

1i Cyclopentyl H C29H37N5O3 503.64 4.87 -8.6 

1j Cyclohexyl H C30H39N5O3 517.66 5.26 -9.4 

1k Phenyl H C30H33N5O3 511.61 5.04 -9.3 

1l Benzyl H C31H35N5O3 525.64 5.06 -8.4 

1m 4`-CF3-C6H4 H C31H32N5O3F3 579.61 6.06 -9.9 

1n 4`-CH3-C6H4 H C31H35N5O3 525.64 5.53 -9.9 

1o 4`-F-C6H4 H C30H32N5O3F 529.61 5.39 -9.6 

1p 4`-HO-C6H4 H C30H33N5O4 527.61 4.71 -9.1 

1q 4`-CH3O-C6H4 H C31H35N5O4 541.64 5.18 -9.3 

1r 4`-HOOC-C6H4 H C31H33N5O5 555.62 4.64 -9.6 

1s 4`-CH3OOC- C6H4 H C32H35N5O5 569.65 5.00 -9.5 

2a H Methyl C25H31N5O3 449.55 4.06 -8.2 

2b H Ethyl C26H33N5O3 463.57 4.35 -8.1 

2c H Propyl C27H35N5O3 477.60 4.73 -8.3 

2d H iso-Propyl C27H35N5O3 477.60 4.71 -8.7 

2e H n-Butyl C28H37N5O3 491.63 5.12 -8.0 

2f H tert-Butyl C28H37N5O3 491.63 4.88 -8.8 

2g H Cyclobutyl C28H35N5O3 489.61 4.80 -9.0 

2h H Cyclopentyl C29H37N5O3 503.64 5.06 -9.0 

2i H Cyclohexyl C30H39N5O3 517.66 5.41 -9.3 

2j H Phenyl C30H33N5O3 511.61 5.12 -9.1 

2k H Benzyl C31H35N5O3 525.64 5.28 -9.1 

2l H 4`-CF3-C6H4 C31H32N5O3F3 579.61 6.13 -9.5 

2m H 4`-CH3-C6H4 C31H35N5O3 525.64 5.45 -9.2 

2n H 4`-F-C6H4 C30H32N5O3F 529.61 5.40 -9.3 

2o H 4`-HO-C6H4 C30H33N5O4 527.61 4.71 -9.2 

2p H 4`-CH3O-C6H4 C31H35N5O4 541.64 5.20 -9.4 

2q H 4`-HOOC-C6H4 C31H33N5O5 555.62 4.82 -9.3 

2r H 4`-CH3OOC- C6H4 C32H35N5O5 569.65 5.24 -9.2 

a - LogP was estimated by the SwissADME web server (http://www.swissadme.ch). 

b - The binding affinity was averaged after tree-independent docking runs. 
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For these reasons, we also docked the monoanion and dianion forms of VST and found 

that these forms have binding configurations very similar to that of neutral VST; however, their 

binding energy decreased from -8.2 to -8.3 kcal/mol. These findings suggest that VST prefers 

to bind into AT1R in the neutral form. Therefore, we used the neutral VST scaffold for our 

further docking calculations. 

To gain insight into the inhibitory activity of the new VST derivatives, their binding 

affinity towards AT1R was explored and characterized using molecular docking calculations. 

We found that the compounds 1a-s have a high binding affinity to AT1R, so their docking 

binding scores varied in the range from -8.0 up to -9.9 kcal/mol, as summarized in Table 1. It 

could be noticed that the introduction of bulk-branched alkyl groups in 1c-1f decreases the 

binding affinity compared to a parent VST drug. The highest affinity of -9.9 kcal/mol was 

observed for VST analogs 1m-1n bearing 4`-CF3-phenyl- or 4`-CH3-phenyl-substituents. 

It is instructive to highlight that the ester route derivatives 2a-r revealed a moderate 

binding affinity (Table 1). Among this series, the best binding ligand 2l, also bearing 4`-CF3-

phenyl-moiety, is only characterized by the binding energy of -9.5 kcal/mol. Therefore, we can 

suggest that the ester modification, while being easily synthetically affordable, has little 

potential for tuning the inhibitory activity of a parent VST drug. 

Figure 3 shows the molecular docking for the best-binding analogs 1m and 2l to the 

AT1 receptor. The binding site of both ligands overlaps the receptor binding pocket so that only 

the nearest residues surrounding the ligands are shown. Ligand 1m binding is stabilized within 

the receptor pocket by strong H-bonding interactions with Thr87 and Thr260, as seen in Figure 

3A. The other string polar interactions are between the ligand tetrazole ring and Arg167. In the 

case of 2l, the binding interactions are very similar in many aspects to those of the parent VST 

drug. 2l is bound at AT1R mainly through the tetrazole-Thr88 interactions (Figure 3B). 

 
Figure 3. Molecular docking of the hit-ligands 1m and 2l to AT1R (PDB ID: 4ZUD). The ligands are rendered 

in CPK mode; dotted lines indicate the receptor residues involved in salt bridges and hydrogen bonds.  

Next, we considered modifying the VST carboxylic group into an amide moiety with a 

different degree of complexity (Scheme 1). The list of proposed substituents R and R1 for these 

two amide routes and the physicochemical properties of compounds 3a-m and 4a-i are 

summarized in Table 2. 
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Molecular docking calculations of amides 3a-m revealed moderate binding affinity to 

AT1R, so the best docking score ligand 3l, bearing a benzyl moiety, is characterized by the 

binding energy of -9.7 kcal/mol, as summarized in Table 2. It should also be noted that the 

structural modification according to amide route 2 (Scheme 1) by introducing both methyl and 

bulky phenyl groups in 4h has a similar effect on the binding score, which is found to be -9.8 

kcal/mol. 

 

Table 2. Physicochemical parameters and binding energy of VST derivatives 3a-m and 4a-i designed according 

to the two amide routes (Scheme 1).  

Ligand R R1 Molecular 

formula 

Mw  

(g/mol) 

LogP Е  

(kcal/mol) 

3a H H C24H30N6O2 434.53 3.39 -8.7 

3b H Methyl C25H32N6O2 448.56 3.70 -8.3 

3c H Ethyl C26H34N6O2 462.59 3.98 -8.5 

3d H Propyl C27H36N6O2 476.61 4.46 -8.6 

3e H iso-Propyl C27H36N6O2 476.61 4.35 -8.9 

3f H n-Butyl C28H38N6O2 490.64 4.66 -8.4 

3g H tert-Butyl C28H38N6O2 490.64 4.53 -8.9 

3h H Cyclobutyl C28H36N6O2 488.62 4.44 -9.0 

3i H Cyclopentyl C29H38N6O2 502.65 4.67 -9.3 

3j H Cyclohexyl C30H40N6O2 516.68 5.03 -9.8 

3k H Phenyl C30H34N6O2 510.63 4.76 -9.5 

3l H Benzyl C31H36N6O2 524.66 4.79 -9.7 

3m Methyl Methyl C26H34N6O2 462.59 3.90 -8.9 

4a H H C30H41N7O3 547.69 4.11 -9.2 

4b H Methyl C31H43N7O3 561.72 4.31 -9.2 

4d Methyl H C31H43N7O3 561.72 4.20 -9.3 

4c Methyl Ethyl C33H47N7O3 589.77 4.89 -9.4 

4e Methyl Methyl C32H45N7O3 575.74 4.46 -9.4 

4f Methyl 2CH3 C33H47N7O3 589.77 4.58 -9.5 

4g Methyl Phenyl C37H47N7O3 637.81 5.38 -9.6 

4h Phenyl Methyl C37H47N7O3 637.81 5.48 -9.8 

4i Cyclopropyl Methyl C34H47N7O3 601.78 4.90 -9.2 

 
Figure 4. Molecular docking of the ligands 3l (A) and 4h (B) to AT1R. The ligands are rendered in CPK mode; 

the receptor residues involved in salt bridges and hydrogen bonds are indicated by dotted lines. 

Despite the structural modifications made in 3l and 4h analogs, the molecular docking 

suggest that their binding motif is conserved and resembles the main features of the binding 

interactions of the parent VST drug, as summarized in Figure 4. The tetrazole-Thr88 

interactions mainly govern the binding of both ligands. 
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Some promising structure-based designs of VST analogs 1n, 3l, and 4h have a better 

binding affinity towards AT1R; however, their LogP parameter increases up to 4.8-6.1, which 

differs significantly from the VST value of 3.72 (Table 1). Therefore, two other structural 

modifications of the VTS drug were also considered. 

The Ugi reaction is a multi-component reaction involving a ketone or aldehyde, an 

amine, an isocyanide, and a carboxylic acid [38]. Using the principles of combinatorial 

chemistry, the Ugi reaction could be utilized to synthesize VST analogs 5a-j (Scheme 1). 

We found that all designed analogs 5a-j have a binding affinity to AT1R higher than 

that of the parent VST drug, varying in a range of -9.4…-10.5 kcal/mol, as summarized in 

Table 3. The best binding analog 5d, bearing a 4`-CF3-phenyl-substituent, is characterized by 

the affinity of -10.5 kcal/mol, and logP equals 4.48. While the logP value of 5d is found to be 

somewhat larger than that of VST, other analogs from this series, such as 5g-5h, can 

compromise both these parameters and reveal the affinity of -10.2…-10.3 kcal/mol and logP 

of 2.59…3.72. 

Table 3. Physicochemical parameters and binding energy for the VST derivatives designed according to the Ugi 

route (5a-j) and the Passerini route (6a-j) (Scheme 1).  

Ligand R R1 Molecular 

formula 

Mw  

(g/mol) 

LogP a Е b 

(kcal/mol) 

5a H H C22H27N7O2 421.50 2.12 -9.3 

5b tert-Butyl H C26H35N7O2 477.60 3.00 -9.6 

5c H tert-Butyl C26H35N7O2 477.60 3.12 -9.4 

5d 4`-CF3-C6H4 H C29H30N7O2F3 565.59 4.48 -10.5  

5e 4`-CH3OOC-C6H4 H C30H33N7O4 555.63 3.39 -10.1  

5f 4`-CH3OOC-C6H4 Methyl C31H35N7O4 569.65 3.78 -9.4  

5g 4`-HOOC-C6H4 H C29H31N7O4 541.60 2.59 -10.3  

5h 4`-F-C6H4 H C28H30N7O2F 515.58 3.72 -10.2  

5i 4`-CH3O-C6H4 H C29H33N7O3 527.62 3.40 -10.2  

5j 4`-HOOC-C6H4 Methyl C30H33N7O4 555.63 2.89 -10.2  

6a H H C22H26N6O3 422.48 2.48 -8.8 

6b Methyl H C23H28N6O3 436.51 2.64 -9.1 

6c Methyl Methyl C24H30N6O3 450.53 3.01 -9.3 

6d tert-Butyl H C26H34N6O3 478.59 3.66 -9.1  

6e Phenyl H C28H30N6O3 498.58 3.65 -9.0  

6f 4`-CF3-C6H4 H C29H29N6O3F3 566.57 4.69 -9.7  

6g 4`-CH3OOC-C6H4 H C30H32N6O5 556.61 3.68 -9.4 

6h 4`-HOOC-C6H4 H C29H30N6O5 542.59 2.80 -9.9  

6i 4`-F-C6H4 H C28H29N6O3F 516.57 3.91 -9.7  

6j 4`-CH3O-C6H4 H C29H32N6O4 528.60 3.69 -10.0  

 

The Passerini-type reaction involves an isocyanide, an aldehyde (or ketone), and a 

carboxylic acid to form an α-acyloxyamide [39]. This multi-component combinatorial 

chemistry reaction offers the opportunity to design VST analogs 6a-j (Scheme 1). 

All designed analogs 6a-j were docked against AT1R and demonstrated a high binding 

affinity, varying in a range of -8.8…-10.0 kcal/mol, as summarized in Table 3. The best analog 

6j bears a 4`-CH3O-phenyl-substituent and is characterized by the binding affinity of -10.0 

kcal/mol and logP of 3.69. Moreover, most analogs 6a-j, except 6f, all have promising AMDET 

parameters (Table 3). These analogs are characterized by Mw<500 kDa and logP in a range of 

2.48-3.69, so they obey the Lippinsky rule (logP < 5.0). 

Figure 5 summarizes the molecular docking calculations for the two hit-analogs 5d and 

6j. It can be noticed that the strong binding of the ligand 5d to the receptor is driven by multiple 

non-covalent interactions (Figure 5A). The binding mode of 5d is changed compared to the 

parent VST drug, so the ligand is penetrated deeper into the receptor pocket. In the case of 6j, 
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the strong polar interaction of the introduced –OCH3 moiety with Arg167 is observed (Figure 

5B). In addition, the receptor residue Tyr35 governs the other crucial interactions. 

The recent crystal structure of the AT1R in complex with an antagonist [18, 19] has 

shown that residues Arg167 in the second extracellular loop of the receptor and Val108 in TM3 

interact with AT1R antagonists [34, 40]. It is therefore believed that the molecular mechanism 

underlying AT1R antagonism involves ligand interaction with these residues and stabilization 

of the tight hydrophobic network between TM3 and TM7, thus impeding the TM movements 

responsible for the increase in the distance between TM3 and TM7 during receptor activation 

[34]. These findings suggest that the ligand 6j has a promising binding mode, which stabilizes 

the interaction network of TM3 with other TM segments via interactions with the bound ligand 

6j. 

 
Figure 5. Molecular docking of the ligands 5d (A) and 6j (B) to AT1R. The ligands are rendered in CPK mode; 

the receptor residues involved in salt bridges and hydrogen bonds are indicated by dotted lines.  

3.3. Comparison with other sartans.  

Sartans are nonpeptidergic AT1R antagonists that have an essential role in the treatment 

of cardiovascular diseases. VST is one of the sartan family, among which other well-known 

analogs exist, such as forasartan, embusartan, candesartan, and losartan, and others [10, 41-42] 

that are in clinical trials or at preclinical stages of development (Scheme 2). 

To compare the in silico predicted inhibitory action of our designed VST analogs with 

the available experimental activity, we carried out the docking calculations of ten known 

sartans, as summarized in Scheme 2 and Table 6. The results showed that most sartans showed 

stronger binding than the parent VST drug except losartan and eprosartan (Table 2). It can be 

noticed that one of the best-binding sartans is telmisartan, having a binding affinity of -10.8 

kcal/mol. This affinity is the same order of magnitude as those of 5d and 5g-5j (Table 3), 

making them promising candidates for developing and synthesizing novel antihypertensive 

agents. 
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Scheme 2. Some known sartans.  

Table 6. Comparison of physicochemical parameters and binding energy for valsartan and other sartans.  
Compound Molecular formula Mw  

(g/mol) 

Log P Е 

(kcal/mol) 

valsartan C24H29N5O3 435.53 3.72 -8.5 

forasartan C23H28N8 416.52 4.14 -8.9 

pratosartan C25H26N6O 426.51 4.06 -9.5 

telmisartan C33H30N4O2 514.62 5.92 -10.8 

azilsartan C25H20N4O5 456.45 3.79 -9.8 

losartan C22H23N6OCl 422.91 3.86 -8.4 

irbesartan C25H28N6O 428.53 4.28 -9.4 

eprosartan C23H24N2O4S 424.51 3.92 -8.0 

embusartan C24H29N5O3 435.53 3.72 -8.5 

olmesartan C24H26N6O3 446.50 3.08 -8.9 

candesartan C24H20N6O3 440.45 3.53 -9.5 

4. Conclusions 

The discovery of novel therapeutic candidates has always been associated with essential 

financial requirements and is also time-consuming; therefore, the application of computer-

aided drug design has become a powerful technology in the drug discovery pipeline [43]. Here, 

the structure-guided rational design of new valsartan analogs has been performed. The analysis 

of known sartans revealed that they have some common essential structural features: (i) the 
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presence of aromatic segments, suitable to form π-π stacking interactions, including biphenyl 

tetrazole or biphenyl carboxylate and various heterocyclic rings; (ii) alkyl aliphatic linear or 

branched chain, responsible for its hydrophobic interactions with the active site of the AT1R; 

(iv) other groups as hydroxyl or halogen that are also essential for specific interactions with 

the AT1 receptor. Therefore, six different optimization modes of a parent VST scaffold have 

been considered. The first three schemes were based on functionalizing the VST carboxylic 

group into either an ester group or an amide moiety, following different degrees of further 

chemical modifications of these fragments. Next, tuning inhibitory activity by the tetrazole ring 

alkylation is examined. Finally, two series of deep recursive structural alterations of a parent 

VST drug were also outlined utilizing Ugi and Passerini reactions. The inhibitory activity of 

all novel VST derivatives against AT1 receptor was screened using molecular docking 

calculations, followed by ADMET property analysis. Moreover, the binding affinity of ten 

well-known commercial sartans was also re-docked against AT1R, allowing direct comparison 

with our designed VST derivatives. Altogether, our findings suggest that some proposed VST 

analogs, such as 5d and 6j, bearing 4`-CF3-phenyl- or 4`-CH3O-phenyl-moiety, may be 

promising pharmaceutical candidates for developing and synthesizing novel antihypertensive 

agents. 
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