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Abstract: Under physiological conditions HSP70 plays crucial roles in protein homeostasis. This protein is 

overexpressed in many types of cancer cells and increased levels of HSP70 is closely associated with 

tumorigenesis and poor clinical outcomes. The present study was designed to evaluate in silico assessment 

of newly designed 30 different 2-Phenylethyne-1-Sulfonamide derivatives potential heat shock protein 70 

inhibitors. The mentioned structures were optimized at B3LYP/6-31+G(d,p) level in water and active sites 

of them are determined. Then, molecular docking calculations were done between the related structures and 

4PO2 and 5JZN. It is found that compound (5), (12) and (20) were found as the better ones than those of 

compound (1) and (2). Drug likeness studies were performed via pharmacological ADME (absorption, 

distribution, metabolism, and excretion) properties estimation and the drug properties of (5) and (12) were 

found as the better than those of compound (1), (2) and (20). 
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1. Introduction 

Heat shock proteins (HSPs) are highly 

evolutionarily conserved molecular chaperones 

whose expression is induced by several 

physiological and environmental insults such as: 

hyperthermia, hypoxia, toxins, viral infections, 

ischemia, heavy metals, chemotherapy and cancer 

[1]. HSPs have been shown to participate in various 

crucial processes such as: protein folding, protein 

assembly/disassembly, repair, secretion, 

trafficking, refolding of misfolded peptides, and 

involvement in intracellular protein transport [2]. 

Mammalian HSPs are generally classified 

according to their molecular weights: HSP100, 

HSP90, HSP70, HSP60 and the small HSPs [3]. 

Among them, Hsp70 family is one of the best 

studied, most common and evolutionary conserved 

chaperone that is found in every membranous 

organelle of all cells [4]. It has been reported that 

human cells contain at least 13 Hsp70 isoforms 
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including stress inducible cytosolic Hsp70 

(HSPA1A, HSPA1B) and constitutively expressed 

cytosolic heat shock cognate (HSC70) which are 

two main cytoplasmic forms [5]. Hsp70 isoforms 

exhibit a similar domain structure and they are 

composed of a ~44 kDa N-terminal nucleotide-

binding domain (NBD) that possesses ATPase 

activity, a ~28-kDa C-terminal polypeptide 

substrate-binding domain (SBD) that recognizes 

and binds extended polypeptide substrates. 

Moreover, these two domains are connected to each 

other via a short and highly conserved flexible 

linker [6,7]. Hsp70 family members are involved in 

several protein-folding process for the maintenance 

of protein homeostasis [8,9]. In addition to protein 

folding and homeostasis roles, Hsp70 also plays 

important roles in cancer development, tumor cell 

survival and tumor growth [3]. It is known that 

malignant cells have higher metabolic requirements 

than healthy cells; therefore, they have higher need 
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of HSPs than normal cells [10]. Under 

physiological conditions, Hsp70 is marginally 

expressed in healthy cells; however, Hsp70 

expression levels are significantly increased in 

various types of tumor cells [11]. Furthermore, 

Hsp70 inhibits apoptosis both in intrinsic and 

extrinsic pathways and increased levels of Hsp70 in 

human tumors is closely related with high 

invasiveness, higher resistance to anticancer 

treatment, increased cell proliferation rate, low 

survival rate and poor prognosis [12,13]. For these 

reasons, specific inhibition of Hsp70 in tumor cells 

by specific chemical inhibitors is an attractive 

strategy for cancer therapy [14,15]. There are 

several Hsp70 inhibitors that bind to NBD or SBD 

and inhibit its chaperon functions [16]. One of them 

is 2-phenylethyenesulfonamide (PES); also known 

as pifithrin-µ selectively interacts with the C-

terminal PBD of endogenous Hsp70 and disrupts its 

association with co-chaperones and substrate 

polypeptides [10,17]. This compound also displays 

significant anti-cancer effect on various human 

cancer cell types such as: breast cancer, head and 

neck cancer, and lung cancer. Moreover, currently 

it has been discovered that the chlorinated version 

of pifithrin-μ (PES-Cl) has more potent anti-cancer 

activities than PES [18]. According to this 

information, in the present study a series of PES 

derivatives were designed and evaluated for their 

interactions with inducible Hsp70 using the 

Schrödinger program. 

Schema 1. Structures and names of designed drug candidates. 

 

In computational chemistry application, twenty nine molecules was designed which are represented in 

Schema 1 with their name. The related compounds are optimized at B3LYP/6-31+G(d,p) level in water. 

Molecular orbital energy diagram, contour plots of the important molecular orbitals and molecular 

electrostatic potential map and molecular electrostatic potential contours are examined in detail. At the 

present time, 2-phenylethye-1-sulfonamide (1) and 2-(3-cholorophenyl)ethyne-1-sulfonamide (2) are used 

as commercial compounds. In addition to these data, it is known that the compound (2) exhibits better 
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results than compound (1) in the inhibition of HSP70 protein. These compounds are converted PDB format 

and related compounds are interacted with target proteins which PDB IDs are 4PO2 and 5JZN. 4PO2 is 

related with HSP70 protein while 5JZN is related with Doublecortin-like Kinase Domain 1 (DCLK1). This 

protein is highly expressed in gastric cancer. Otherwise, DCLK1 is among the 15 most common putative 

driver genes for gastric cancers. In molecular docking calculation, OPLS3 method is used. The interactions 

between compound candidates and target proteins are investigated and compared with the results of 

compound (1) and (2) in detail. The better compound candidates than compound (1) and (2) are examined 

with SwissADME web tool to evaluate pharmacokinetics, compound-likeness and medicinal chemistry 

friendliness. As a result, the better compounds were determined as compound (5), (12) and (20). These 

compounds can be synthesized and can take the place of existing compounds. 

 

2. Computational Method 

The mentioned compound were prepared using GaussView 5.0.8 and ChemDraw Proffesional 15.1 

programs [19,20]. Quantum chemical calculations of the prepared input files of studied compound 

candidates were performed by using Gaussian AS64L-G09RevD.01 [21] program at B3LYP [22], one of 

the hybrid density functional theory (DFT) functions, with 6-31+G(d,p) basis set [23-31]. Molecular orbital 

energy diagram was redrawn by the selecting of degeneracy threshold as 0.01 a.u. Degeneracy molecular 

orbitals to frontier molecular orbitals are determined and contour plots of them were calculated at same 

level of theory by using Gaussian IA32W-G09RevA.02 program [32]. Additionally, density of state (DOS) 

spectrum of related compounds was calculated by using GaussSum 3.0 program [33] and examined in 

detail. Molecular electrostatic potential (MEP) map and contours were obtained by the calculation of 

electrostatic potential (ESP) charges. These charges were calculated by using Gaussian IA32W-

G09RevA.02 program. The interactions between ligand and target proteins were investigated at OPLS3 

method [34] by using Schrödinger Maestro XXX program [35-37]. Finally, absorption, distribution, 

metabolism and excretion of compound candidates are evaluated by using SwissADME web tool [38,39]. 

In this way, the most efficient compounds were determined. The crystal structures of homo sapiens Hsp70 

PBD (PDB code: 4PO2) [40] and homo sapiens Doublecortin-like Kinase Domain 1 (PDB code: 5JZN) 

[41] were downloaded from RCSB Protein Data Bank (PDB, www.rcsb.org). 

 

3. Results and discussion 

3.1. Electronic Structure at Ground State 

The related chemical are fully-optimized at B3LYP/6-31+G(d,p) level in water. Any imaginary frequecy is 

obtained from frequency calcualations. The optimized structures of the mentioned compounds are 

represented in Figure 1. Some structural parameters are reported. 

According to Figure 1, the whole structures are generally similar to each other. The calculated bond lengths 

between C – C; C – H; C ≡ C C – S; S – O and S – N are calculated nearly 1.402 Å; 1.214 Å; 1.084 Å; 

1.716 Å; 1.468 Å and 1.662 Å, respectively. As theoretically, the structure containing the triple bond is 

expected to be flat. However, the torsion angles in S1–C1–C2–C3 are calculated nearly -169.86 º due to the 

fact that the π electrons are not localized between carbon atoms. In the IR spectrum, imaginary frequency 

is not observed and it implies that the all structure is at ground state. 

3.2. Molecular Orbital Energy Diagram, Contour Plots and Density of State Spectrum 

Molecular orbital energy diagram (MOED) of related chemicals are drawn by the selecting of degeneracy 

threshold as 0.01 a.u. Molecular orbitals energy diagrams of compound (1), (2), (5), (12) and (20) are 

represented in Figure 2. The other MOEDs of the other ones are represented in Supp. Figure S1 in 

Supplemental Information. 

It can be easily seen the degeneracy molecular orbitals to frontier molecular orbitals which are the highest 

occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) are determined 

from Figure 2. The molecular orbitals are important in the determination of chemical reactivity of 

chemicals. As generally, molecular orbitals give important information about interaction mechanism, active 

regions, electronic freedom and etc. Significant molecular orbitals are mainly determined as HOMO and 

LUMO. Additionally, HOMO-1 is important for compound (12). Contour plots of these molecular orbitals 

are calculated.  
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Figure 1. Optimized structures of studied compounds. 

 

Figure 2. The calculated molecular orbital energy diagram of mentioned compounds. 
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The related contour plots of mentioned compounds 

are represented in Figure 3. Contour plots of the 

others are given in Supplementary Information. 

According to Figure 3, two electrons in HOMO are 

mainly delocalized on the whole structure. The 

effect of sulfonamide group in related compounds 

in the formation of contour plots of HOMO is lower 

than those of benzene rings. Additionally, π 

electrons are dominant in the formation of HOMO 

contour plots. The interactions will be occurred 

mainly from π electrons. Additionally, chemical 

properties of heteroatoms and electronic charges of 

atoms will affect the interaction strength and 

mechanism of compounds. As for the LUMO, 

similar evaluations can be done for them. However, 

the effects of hetero atoms in contour plots of 

LUMO are lower than those of HOMO ones. 

Density of state spectrum are calculated to 

investigate the proximity of molecular orbitals to 

each other. This spectrum can be useful in the 

determination of electronic properties of related 

compound candidates. The gap between occupied 

and unoccupied molecular orbitals can be easily 

seen from these spectra. The mentioned spectrum 

are calculated for each chemicals. DOS spectrum of 

compound (1), (2), (5), (12) and (20) are given in 

Figure 4. The DOS spectrum of the other related 

chemicals are given in Supplementary Information. 

The occupied molecular orbitals are represented by 

green line while the unoccupied molecular orbitals 

are represented via red lines. According to Figure 4, 

the value of energy gap between occupied and 

unoccupied molecular orbitals is often similar to 

each other in each compound. Additionally, 

molecular orbitals are mainly gathered between -10 

– +10 eV range. The intensity of DOS spectrum of 

unoccupied molecular orbitals are similar to each 

other. However, there are some differences in the 

DOS spectrum of the occupied molecular orbitals. 

This point is important in the determination of 

target compounds. The occupied molecular orbitals 

are close to each other in terms of energy, especially 

in the first ten compounds. These outcomes 

canalize the direction of the project to the focusing 

the first ten compounds. However, the whole 

compounds is examined in detail in this study. 

 

 

Figure 4. DOS spectrum of the compound (1), (2), (5), (12) and (20). 

 

3.3. Molecular Electrostatic Potential Map and 

Contour 

Molecular electrostatic potential (MEP) map and 

contour are significant to determine the 

electrophilic active regions to any interactions. The 

electrostatic potential load helps the molecular 

surface to be stained in different colors, thus 

identifying the active site. MEP maps and contours 

of compound (4) – (9) are represented in Figure 5 

and the other MEP maps and contour for the other 

compounds are represented in Supplementary 

Information. 
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According to Figure 5, there are different color zone 

in MEP maps. The red color represents the 

electrophilic active region while dark blue implies 

the nucleophilic active region. The electrostatic 

charges on molecular surface inhibit the differences 

respect to substituent effects. In the related 

compounds, π electrons are active and these 

electrons are appropriate to any interaction with the 

target protein. Additionally, the effect of 

heteroatoms to the surface charge distribution can 

be seen easily from these maps. Especially, the 

cyanide group enhanced the reactivity of 

compounds. In addition to these results, chlorine 

atoms show the same effect such as cyanide group. 

According to MEP maps, compound (5), (12) and 

(20) is more reactive than those of compound (1) 

and (2). 

 

 

Figure 5. Calculated MEP map and contours of the mentioned compounds. 
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3.4. Molecular Docking  

Molecular docking calculations between related 

compounds and target proteins which belong to 

heat shock protein 70 (HSP4A) and Doublecortin-

like Kinase (DCLK). These targets are examined in 

protein data bank and 4PO2 and 5JZN are selected 

for HSP4A and DCLK, respectively. The first one 

is the member of molecular chaperones. The 

functions of HSP70 are the maintain protein quality 

control and homeostasis. It is accepted that HSP4A 

is the target of the anti-cancer compounds due to the 

constitutively overexpressed in a number of human 

cancers and promotes cancer cell survival [23]. The 

latter one is one of the doublecortin-like kinase 

domain 1 (DCLK1) protein. DCLK1 is among 15 

driver genes for gastric cancer [24]. It is reported 

that HSP4A is determined in stomach cancer. The 

inhibition of these proteins can be seen as one of the 

anticancer steps. Molecular docking calculations 

are performed at OPLS3e method by using Maestro 

Schrödinger program. Interaction energies and 

docking score are given in Table 1.  

 
Table 1. Calculated docking score and interaction energies between related compounds and target proteins. 

Comp. 

4PO2 5JZNa 

Comp. 

4PO2 5JZNa 

Docking 

Scoreb 

Interaction 

Energyb 

Docking 

Scoreb 

Interaction 

Energyb 

Docking 

Scoreb 

Interaction 

Energyb 

Docking 

Scoreb 

Interaction 

Energyb 

1 -1.689 -24.406 
-4.322 

(-3.372) 

-18.696 

(-16.571) 
16 -2.585 -18.917 

No Posec 

(No Posec) 

No Posec 

(No Posec) 

2 -2.276 -18.252 
-3.884 

(-3.601) 

-22.495 

(-21.609) 
17 -0.386 -20.876 

-4.089 

(-3.514) 

-24.208 

(-22.723) 

3   
 

 

 

 
18 -0.072 -15.481 

-3.846 

(-3.834) 

-22.999 

(-21.117) 

4 -0.339 -16.314 
-4.376 

(No Posec) 

-21.566 

(No Posec) 
19 -2.573 -15.005 

-4.649 

(-3.557) 

-21.039 

(-22.456) 

5 -2.341 -28.237 
-3.839 

(-4.246) 

-26.318 

(-21.802) 
20 -2.423 -26.409 

-4.735 

(No Posec) 

-22.612 

(No Posec) 

6 -2.379 -16.154 
-4.287 

(No Posec) 

-21.620 

(No Posec) 
21 -1.888 -22.803 

-3.813 

(-3.975) 

-18.622 

(-20.969) 

7 -0.191 -15.689 
-4.545 

(-3.717) 

-21.620 

(-16.724) 
22 -2.919 -17.868 

-4.059 

(-4.951) 

-20.127 

(-18.089) 

8 -0.874 -21.239 
-4.147 

(-4.101) 

-17.113 

(-23.116) 
23 -1.662 -25.994 

-4.956 

(-4.577) 

-21.597 

(-23.874) 

9 -1.773 -23.063 
-4.388 

(-4.562) 

-19.835 

(-23.273) 
24 No Posec No Posec 

No Posec 

(No Posec) 

No Posec 

(No Posec) 

10 -0.065 -22.220 
-4.164 

(-4.708) 

-23.171 

(-24.988) 
25 No Posec No Posec 

No Posec 

(No Posec) 

No Posec 

(No Posec) 

11 -2.084 -29.397 
No Posec 

(-4.102) 

No Posec 

(-22.997) 
26 No Posec No Posec 

No Posec 

(No Posec) 

No Posec 

(No Posec) 

12 -2.294 -28.001 
-4.520 

(-4.985) 

-24.374 

(-24.643) 
27 -2.075 -26.515 

No Posec 

(-4.124) 

No Posec 

(-23.229) 

13 -0.620 -21.651 
-4.494 

(-4.492) 

-16.771 

(-21.190) 
28 -2.585 -18.917 

-4.089 

(-3.731) 

-19.015 

(-22.840) 

14 -2.121 -29.366 
-4.559 

(No Posec) 

-25.777 

(No Posec) 
29 -0.386 -20.876 

-4.089 

(-3.514) 

-24.208 

(-22.723) 

15 -2.075 -26.515 
-3.880 

(-4.124) 

-24.932 

(-23.229) 
- - - - - 

a The results of B chain are given in parenthesis for 5JZN. 
b in kcal/mol 
c No interaction is calculated between compound and target protein 

According to Table 1, related compounds are 

interacted with mentioned heat schock protein 

which PDB ID is 4PO2. The whole compounds 

appear to interact with almost good. However, the 

finding the better compounds is the aim of this 

study. Therefore, two parameters which are 

docking score and interaction energies are 

examined in detail. The docking score is an 

empirical scoring function designed to maximize 

separation of compounds with strong binding 
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affinity from those with little to no binding ability. 

Interaction energy shows the relationship between 

compounds and proteins. The compounds (1) and 

(2) have been usually used nowadays. The main 

focus is the searching the better compounds than 

these two compounds. When these two parameters 

are examined in detail, three compounds are stand 

out which are compound (5), (12) and (20). 

Docking scores and interaction energies of the 

related three compounds are better than those of 

compound (1) and (2). The compound – protein 

complex structures belong to mentioned 

compounds are represented in Figure 6. 

 

Figure 6. The compound – protein complex structure. 

 
Figure 7. The interaction schema and compound-protein complex structure. 

 

According to Figure 6 and docking results 

compounds with chlorine atom seem as popular in 

these interaction. The amino acids which are 

arginine, leucine, alanine, valine and serine play the 

significant role in the interaction between 

compound and target protein. Additionally, the 

interactions between studied compounds and 5JZN 

are examined in detail. There are two chains in this 

proteins which are called as A and B Chain. The 

docking results are given in Table 1. According to 

this table, the best compound is searched respect to 

compound (1) and (2). In A Chain, compound (12), 

(14) and (20) has been found as the better 

compounds than compound (1) and (2). However, 

there is no interaction between the last two 

compounds and B chain of 5JZN protein. 

According to the obtained results, compound (12) 

is found as the best compound in the protection and 
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prevention from gastric cancer. The docking score 

and interaction energies are calculated as -4.520, -

24.374 for A Chain; -4.985 and -24.643 for B 

Chain, respectively. The interaction schema and 

complex structure of compound (12) is represented 

in Figure 7. 

According to Figure 7, the main interaction types 

are hydrogen bond, π-π interaction, dipole dipole 

interaction and solvent exposure in the both 

interaction. There is a hydrogen bond between 

amine site and valine in A chain while there are two 

hydrogen bonds in B Chain. These bonds strength 

the interaction between compound and protein. 

3.5. Assessment of Absorption, Distribution, 

Metabolism and Excretion (ADME) 

To estimate solubility and permeability of the 

designed PES-derives the computational study was 

performed. SwissADME online property 

calculation tool 

(http://www.swissadme.ch/index.php) was utilized 

for the prediction of drug-likeness properties.  

Table 2. The ADME prediction for the PES, PES-Cl and newly designed inhibitors. 

Compound % ABS TPSA Log S at pH 7.4 Parameter     

MW cLog P nHBA nHBD RB 

(1) 85.35 68.54 -2.01 181.21 0.71 3 1 0 

(2) 85.35 68.54 -2.60 215.66 1.57 3 1 0 

(3) 85.35 68.54 -2.60 215.66 1.31 3 1 0 

(4) 85.35 68.54 -3.18 250.10 1.82 3 1 0 

(5) 85.35 68.54 -3.76 284.55 2.63 3 1 0 

(6) 85.35 68.54 -2.16 199.20 1.04 4 1 0 

(7) 85.35 68.54 -2.31 217.19 1.40 5 1 0 

(8) 85.35 68.54 -2.46 235.18 1.96 6 1 0 

(9) 85.35 68.54 -2.91 260.11 1.67 3 1 0 

(10) 85.35 68.54 -3.81 339.00 2.29 3 1 0 

(11) 85.35 68.54 -4.71 417.90 2.54 3 1 0 

(12) 85.35 68.54 -4.95 353.44 3.32 3 1 0 

(13) 85.35 68.54 -2.78 271.16 2.22 8 1 0 

(14) 85.35 68.54 -6.53 575.69 4.12 3 1 0 

(15) 75.20 97.97 -1.68 210.21 0.62 5 1 1 

(16) 75.20 97.97 -1.68 210.21 0.58 5 1 1 

(17) 75.20 97.97 -1.68 210.21 0.58 5 1 1 

(18) 77.14 92.33 -1.94 206.22 0.50 4 1 0 

(19) 77.14 92.33 -1.94 206.22 0.44 4 1 0 

(20) 77.14 92.33 -1.94 206.22 0.46 4 1 0 

(21) 78.37 88.77 -1.86 197.21 0.60 4 2 0 

(22) 78.37 88.77 -1.86 197.21 0.31 4 2 0 

(23) 78.37 88.77 -1.86 197.21 0.59 4 2 0 

(24) 85.35 68.54 -2.34 208.21 0.38 4 1 0 

(25) 85.35 68.54 -2.34 208.21 0.38 4 1 0 

(26) 85.35 68.54 -2.34 208.21 0.38 4 1 0 

(27) 75.20 97.97 -1.68 210.21 0.62 5 1 1 

(28) 75.20 97.97 -1.68 210.21 0.58 5 1 1 

(29) 75.20 97.97 -1.68 210.21 0.58 5 1 1 

TPSA: Topological Polar Surface Area; %ABS = 109–(0.345 X TPSA); Log S: Solubility; MW: Molecular 

Weight; Log P: Octanol-water partition coefficient; nHBA: Number hydrogen bond acceptor; nHBD: 

Number hydrogen bond donors; RB: Number Rotatable Bonds. 

 

Lipinski’s “rule of five” parameters indicating 

molecular weight (MW), lipophilicity (log P), 

number of rotatable bonds, number of hydrogen 

bond donors and acceptor were calculated in silico 

using the SwissADME tool kit. According to 

Lipinski’s rules a compound should present a 

molecular weight<500 g/mol, a calculated log P < 

5, a number of hydrogen bond acceptors ≤10 and a 
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number of hydrogen bond donors ≤5. Furthermore, 

when the compounds that violate more than one of 

these rules bioavailability issues may occur. 

According to these criteria, compound 5, 12 and 20 

obeyed Lipinski's rule of five and do not show any 

violation. Hence, these newly designed three 

compounds were predicted to have good 

bioavailability. Compounds (5) and (12) showed 

same absorption (%ABS) and cell membrane 

permeation characteristics with (1) and (2). 

Meanwhile, they showed different polar-nonpolar 

partition coefficient characteristics from (1) and 

(2). Our findings also displayed that compounds 5 

and 12 exhibited better solubility characteristics 

when compared to compound (1) and (2). However, 

compound 20 showed lower solubility and 

absorption characteristics compared to compounds 

(1), (2), (5) and (12). 

 

4. Conclusion 

Newly designed 30 different 2-Phenylethyne-1-

Sulfonamide derivatives which are potential heat 

shock protein 70 inhibitors are investigated by 

computational chemistry methods. Initially, related 

compounds are optimized B3LYP/6-31+G(d,p) 

level in water. C-PCM method is taken into 

consideration in solvent phase calculations. The 

chemical reactive regions are determined by using 

molecular orbital energy diagram, contour plots of 

molecular orbital and molecular electrostatic 

potential map. The optimized structures of studied 

compounds are accepted as orginal structure for 

docking calculations.  The orginal structures and 

possible ones at pH=7±2 are calculated by using 

LigPrep module. All structures are taken into 

account for docking calculations. Then, molecular 

docking calculations are done between the related 

structures and 4PO2. It is found that compound (5), 

(12) and (20) are found as the better ones than those 

of compound (1) and (2). Also, compound (5), (12) 

and (20) are found as the better ones for 5JZN like 

as in 4PO2. Drug likeness studies are performed via 

pharmacological absorption, distribution, 

metabolism, and excretion (ADME) properties 

estimation. According to ADME analyses, the drug 

properties of (5) and (12) were found as the better 

than those of compound (1), (2) and (20). Finally, it 

is pointed out that compounds (5) and (12) could be 

potential candidates for heat shock protein 70 

inhibition and anticancer agent. 
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