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Abstract— Three organic ligands of 3-allyl-5-((4-derivative phenyl)diazenyl)-2-thioxothiazolidin-4-one (HLn) were synthesized. The ligands 
(HLn) were characterized showing a good agreement with those yielded from elemental analysis, IR and 1H-NMR spectroscopy. The 
geometrical molecular structures of the ligands were optimized theoretically by HF method with 3-21G basis set and the quantum chemical 
parameters were explored by using molecular orbital calculations. Proton–ligand dissociation constants for HLn ligands and their metal 
stability constants with Mn2+, Co2+, Ni2+ and Cu2+  in monomeric and polymeric forms were determined potentiometrically. The effect of 
temperature was discussed in detail showing a significant effect and the corresponding thermodynamic parameters (ΔG, ΔH and ΔS) were 
obtained.  An attempt has been made with molecular docking to investigate and predict the binding between azo compounds with the 
receptor of prostate cancer 2q7k-Hormone and 3hb5-oxidoreductase receptor of breast cancer to provide a brief insight to the inhibition 
applicability. Finally, the dissociation process is non-spontaneous, endothermic and entropically unfavorable. The formation of the metal 
complexes has been found to be spontaneous, endothermic and entropically favorable. The presence of the azo group is an efficient 
inhibitor for prostate cancer 2q7k-Hormone and 3hb5-oxidoreductase receptor of breast cancer. 

Keywords — Molecular docking, Molecular structure, Potentiometry, Thermodynamics  
 

——————————      ——————————                                                                

1. INTRODUCTION 
The polymeric metal complexes [1,2] with coordination li-

gands have attracted considerable interests, because they 
gather the advantage of inorganic metal ions and conjugation 
polymer and have many advantages compared with inorganic 
and organic/aliphatic small molecule complexes.  The poly-
meric metal complexes play an important role in many fields 
such as industrial chemistry [3], environmental studies [4], as 
well as medicinal [5] and analytical chemistry. 

 
In the last years, the potentiometric titration technique 

of some organic compounds and their metal complexes in  
monomeric and polymeric forms has been extensively investi-
gated through the determination of  dissociation and stability 
constants, both from an experimental and a theoretical point 
of view [6,7]. One of the most striking features  and implicit 
assumption of potentiometric technique is the measurement of 
the metal complex equilibrium in monomeric and polymeric 
forms to  determine the average number of ligands coordi-
nated with metal ion. 

 
In continuation of our interest in studying behavior of 

dissociation and stability constants of some organic com-
pounds and their metal complexes by potentiometric tech-
niques [8-13], we synthesize and characterize some N-allyl 
rhodamine azo  compounds and their metal complexes in  
monomeric and polymeric forms using  spectroscopic tech-
niques. 

———————————————— 
 

• 1Chemistry Department, Faculty of Science, Damietta University, Damietta 
34517, Egypt 

• 2Chemistry Department, Faculty of Science, Port Said University, Port Said, 
Egypt 

• *Corresponding author:  E-mail: ah.moslem@yahoo.com (A.M. Mossalam). 

 
Furthermore we report here the proton-ligand dissocia-

tion constants of N-allyl rhodamine and its metal stability con-
stants with (Mn2+, Co2+, Ni2+ and Cu2+) in monomeric and po-
lymeric forms. On the other hand, a number of empirical rela-
tions  of thermodynamic parameters (ΔG, ΔH and ΔS) have 
been derived and discussed. 

Furthermore, some details have been overlooked when 
fitting experimental data to theoretical curves during the cal-
culation of  molecular docking  that was used to predict the 
binding between azo compounds with the receptor of prostate 
cancer 2q7k-Hormone and 3hb5-oxidoreductase receptor of 
breast cancer. The molecular structure of the investigated li-
gands (HLn) set are studied and quantum chemical parame-
ters are calculated. The geometrical structures of the ligand are 
carried out by HF method with 3-21G basis set. 

2. EXPERIMENTAL 

2.1. Reagents and Materials 
All the compounds and solvents used were purchased 

from Aldrich or Sigma and used as received without further 
purification. N- allylrhodanine was used without further puri-
fication. 2,2'-Azobisisobutyronitrile (AIBN) was used as initia-
tor for all polymerizations. It was purified by dissolving it in 
hot ethanol and left to cool. The pure material was being col-
lected by filtration and then dried [14]. 

2.2. Synthesis of allyl rhodanine azodyes 
The organic compounds 3-allyl-5-((4-derivative 

phenyl)diazenyl)-2-thioxothiazolidin-4-one (HLn) (Fig. 1) are 
prepared by gradual addition of an aqueous solution of 0.01 
mol of sodium nitrite to a concentrated hydrochloric acid solu-
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tion of 0.01 mol of p-aniline derivatives with stirring and kept 
for about 20 min. in an ice bath [15-17]. The formed diazonium 
chloride solutions were added gradually with vigorous stir-
ring to a 0.01 mol cold solution of 3-allyl-4-hydroxythiazole-
2(3H)-thione in 20 ml pyridine. The reaction mixture was 
stirred until coupling was complete. The solid precipitate was 
filtered, washed with water, dried and crystallized from etha-
nol and then dried in a vacuum desiccator over anhydrous 
calcium chloride. 

2.3. Potentiometeric studies 

2.3.1. Preparation of solutions 

13TL 13Tigands solution of 3-allyl-5-((4-derivative 
phenyl)diazenyl)-2-thioxothiazolidin-4-one (HLRnR) (0.001 M) 
was prepared by dissolving an accurate weight of the solid in  
DMF (AnalaR). Metal ion solutions (0.0001 M) were prepared 
from AnalaR metal chlorides in bidistilled water and standar-
dized with EDTA [14]. Solutions of 0.001 M (HCl) and 1 M 
(KCl) were also prepared in bidistilled water. A carbonate-free 
sodium hydroxide solution in a 50 % (by volume) DMF-water 
mixture was used as titrant and standardized against oxalic 
acid (AnalaR). 

2.3.2. Apparatus and procedures for the potentiometric 
titrations 

The apparatus model, general conditions and methods 
of calculation were the same as in previous work [18-21] based 
on alkaline potentiometric titrations. The following solution 
mixtures containing specific volumes (i)-(iii) were prepared 
and thoroughly mixed under continuous stirring. 

i)   5 cmP

3
P 0.001 M (HCl) + 5 cmP

3
P 1 M (KCl) + 25 cmP

3
P DMF. 

ii)  5 cmP

3
P 0.001 M (HCl) + 5 cmP

3
P 1 M (KCl) + 20 cmP

3
P DMF + 5 cmP

3
P 

0.00l M ligand. 

iii) 5 cmP

3
P 0.001 M (HCl) + 5 cmP

3
P l M (KCl) + 20 cmP

3
P DMF + 5 cmP

3
P 

0.001 M ligand + 10 cmP

3
P  0.0001 M metal chloride. 

 
The simultaneous Potentiometric  titration of  prepared 

solution mixtures carried out at 298 K against standard 0.002 
M (NaOH) in a 50% (by volume)  DMF-water mixture.  Under 
continuous stirring the volume of added NaOH and pH val-
ues of solution were recorded. The titration was carried out 
between pH 4.0 and 12.0.  

For each solution mixture, the volume was made up to 
50 cmP

3
P with bidistilled water before the  titration. The Potenti-

ometric titrations also were carried out in the presence of 5 ml 
of AIBN (0.001 M) as initiator for the polymerization step. 
These titrations were repeated for temperatures of 308 and 318 
K between pH 4.0 and 12.0. 

2.4. Measurments 
IR spectra (KBr  discs, 4000–400 cm P

−1
P) by Jasco-4100 

spectrophotometer. P

1
PH-NMR spectrum was obtained with a 

Joel FX90 Fourier transform spectrometer with DMSO-dR6R as a 
solvent.  

The molecular structures of the investigated compound 
were optimized by HF method with 3-21G basis set. The mole-
cules were built with the Perkin Elmer ChemBio Draw and 
optimized using Perkin Elmer ChemBio 3D software [22-25]. 
Quantum chemical parameters such as the highest occupied 
molecular orbital energy (ERHOMOR), the lowest unoccupied mo-
lecular orbital energy (ERLUMOR) and HOMO–LUMO energy gap 
(ΔE) for the investigated molecules are calculated. In this 
study simulates the actual docking process in which the li-
gand–protein interaction energies are calculated using a Dock-
ing Server [26]. The MMFF94 Force field was used for energy 
minimization of ligand molecule using Docking Server. Gas-
teiger partial charges were added to the ligand atoms. Non-
polar hydrogen atoms were merged, and rotatable bonds were 
defined. Docking calculations were carried out on ligands 
(HLRnR) protein models. Essential hydrogen atoms, Kollman 
united atom type charges, and solvation parameters were 
added with the aid of AutoDock tools [27]. Affinity (grid) 
maps of 0.375 Å spacing were generated using the Autogrid 
program [28]. Auto Dock parameter set- and distance-
dependent dielectric functions were used in the calculation of 
the van der Waals and the electrostatic terms, respectively. 

3. Results and Discussion 

3.1.  Infrared spectra spectra  
The infrared spectra of the free ligands show no characte-

ristic absorption assignable to NHR2R function. This confirms the 
formation of the azo compounds. The infrared spectrum of 
ligand exhibit strong to medium broad bands in the frequency 
~3325 cmP

-1
P. These bands can be attributed to intramolecular 

hydrogen bonded –OH group [29]. Furthermore, ligand exhi-
bit a strong band due to C=O [29]. The discussed infrared fea-
tures beside the band appeared at 1615 cm P

-1
P can guide to as-

sume the presence of C=N structure through resonating phe-
nomena. 

3.2.  1H-NMR spectra 
The P

1
PH NMR spectrum of ligands (HLRnR) show two 

singlets corresponding to phenolic –OH and –NH. The singlet 
at δ 12.8 ppm and δ 10.9 ppm represent –OH and –NH, respec-
tively of the formation of intramolecular hydrogen bonding 
with azonitrogen. The ligand do not show any peak attributed 
to enolic–OH proton indicating that they exist in keto form. 
Upon addition of DR2RO the intensities of both OH and NH pro-
tons significant decrease. Further, the CH signal vanish and a 
new NH signal appear i.e., change from azo to hydrazone 
form. This supports the assignment. The protons of the aro-
matic ring resonate downfield in the δ 7.3–8.4 ppm range. 

 
The P

1
PH NMR spectrum of HLRnR monomers showed the 

expected peaks and pattern of the vinyl group (CHR2R=CH), δ 
6.25 ppm (dd, J = 17, 11 Hz) for the vinyl CH proton and pro-
ton δ 5.12 ppm (AM part of AMX system dd, J = 17, 1 Hz) for 
the vinyl CHR2R protons, respectively. These peaks disappeared 
on polymerization while a triplet at δ 1.86 ppm (t, J = 7 Hz) 
and a doublet at 1.80 ppm (d, J = 7 Hz) appeared, indicating 
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that the polymerization of HLn monomer occurs on the vinyl 
group [30]. It is worth noting that the rest of the proton spec-
trum of the monomer and polymer remain almost without 
change. 

3.3. Molecular structure 

Geometry optimization option was employed to ob-
tain the most stable structure. The molecular structures of li-
gands 3-allyl-5-((4-derivative phenyl)diazenyl)-2-
thioxothiazolidin-4-one (HLn) were optimized by HF method 
with 3-21G basis set. The molecules were built with the Perkin 
Elmer ChemBioDraw and optimized using Perkin Elmer 
ChemBio3D software. The HOMO–LUMO energy gap, ΔE, 
which is an important stability index, is applied to develop 
theoretical models for explaining the structure and conforma-
tion barriers in many molecular systems. From Table 1, forms 
(B) of HLn ligands have smaller ΔE values indicate that their 
structures are more stable than the forms (A) (Fig. 1). The cal-
culated molecular structures of stable form B for HLn are 
shown in Fig. 2. Also corrosponding geometric parameters 
bond lengths and bond angles of HLn are tabulated in Tables 2 
and 3.  In our present study, the corresponding bond lengths 
of C5-C6 and C5-O7 are calculated as 1.356 and 1.364 Å, these 
values are lesser than the rhodanine molecule due to the at-
tachment of p-anline derivatives. On the other hand, the C-C 
bond length (C10-C11, C11-C12, C12-C13, C13-C14, C14-C15 
and C15-C10) of six membered rings are relatively equal to 
1.35 Å. The bond angles of N(4)-C(3)-S(2), N(4)-C(3)-S(8), S(2)-
C(3)-S(8), C(3)-S(2)-C(6), C(6)-C(5)-N(4), N(4)-C(5)-O(7), C6-
C5-O7 and H21-O7-C5 are equal 108, 130, 121, 94, 114, 123, 123 
and 110, respectively. These bond angles are relatively equal to 
simple rhodanine molecule [31].  

The HOMO and LUMO for form B of the ligands 
(HLn) are shown in Fig. 3. According to the frontier molecular 
orbital theory, FMO, the chemical reactivity is a function of 
interaction between HOMO and LUMO levels of the reacting 
species [32]. The EHOMO often associated with the electron do-
nating ability of the molecule to donate electrons to appro-
priated acceptor molecules with low-energy, empty molecular 
orbital. Similarly, ELUMO indicates the ability of the molecule to 
accept electrons. The lower value of ELUMO indicates the high 
ability of the molecule is to accept electrons [33]. While, the 
higher is the value of EHOMO of the inhibitor, the easer is its 
offering electrons. Stability of ligands increases with the order 
HL3 < HL2 < HL1 related to ΔE values which are tabulated in 
Table 1, as expected from Hammett’s constant (σR) (Fig. 4).  

 
Additional parameters such as separation energies, 

∆E, absolute electronegativities, χ, chemical potentials, Pi, ab-
solute hardness, η, absolute softness, σ, global electrophilicity, 
ω, global softness, S, and additional electronic charge, ∆Nmax, 
have been calculated according to the following equations (1-
8) [34]: 

 
  HOMOLUMO EEE −=∆                 (1) 

 
2

)( LUMOHOMO EE +−
=χ            (2) 

 

2
HOMOLUMO EE −

=η                      (3) 
 

ησ /1=                                          (4) 
 

χ−=Pi                                              (5) 
 

η
=

2
1S                                                (6) 

 ηω 2/2Pi=                                     (7) 
 η/max PiN −=∆

                             (8) 

3.4. Molecular docking 
Molecular docking aims to achieve an optimized confor-

mation for both the protein and drug with relative orientation 
between them such that the free energy of the overall system is 
minimized. Docking study showed the binding affinity, num-
ber of hydrogen bonds. It is interesting to note that the bind-
ing affinities have negative values. This reveals the high feasi-
bility of this reaction. Molecular docking is a key tool in com-
puter drug design [35,36]. 

 
In this context, the docked ligands were analysis with 

the prostate cancer mutant 2q7k-Hormone and breast cancer 
3hb5 as shown in Fig. 5(A, C, E) and (B, D, F) and Fig. 6(A1, 
C1, E1) and (B1, D1, F1). The study simulates the actual dock-
ing process in which the ligand–protein pair-wise interaction 
energies are calculated in Tables 5 and 6. According to our 
results, HB plot curve indicates that, azo compound binds to 
the two proteins with hydrogen bond interactions of ligands 
(HLn) with 2q7k and 3hb5 as shown in Figs. 7 and 8. The cal-
culated efficiency is favorable, Ki values estimated by Auto-
Dock were compared with experimental Ki values, when 
available, and the Gibbs free energy is negative [37,38]. Also, 
based on this data, we can propose that interaction between 
the 2q7k and 3hb5 receptors and the ligands (HLn) is possible. 
2D plot curve of docking with ligands (HLn) is shown in Figs. 
9 and 10. 

 
This interaction could activate apoptosis in cancer cell 

energy of interactions with ligands (HLn). From the analysis of 
the values, it is evident that the binding energy of ligands 
(HLn) decreases. So that is decrease in binding energy of HLn 
on transpiration of mutation for prostate cancer 2q7k whereas 
increase with HLn for breast cancer. Binding energies are most 
widely used mode of measuring binding affinity of a ligand. 
Thus, the decrease in binding energy due to mutation will in-
crease the binding affinity of the allylrhodanine azodye deriv-
atives towards the receptor. Their characteristic feature 
represents the presence of several active sites available for  
hydrogen bonding. This feature gives them the ability to be 
good binding inhibitors to the protein and will help to pro-
duce augmented inhibitory compounds. The results confirm 
that, the azo ligand derived from 3-allylrhodanine is an effi-
cient inhibitor of prostate cancer. 
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Molecular docking and binding energy calculations of 

ligands (HLn) with prostate cancer mutant 2q7k-hormone and 
breast cancer mutant 3hb5-oxidoreductase receptors indicated 
that the ligands (HLn) are efficient inhibitors of 3hb5-
oxidoreductase and 2q7k-hormone receptors. 

3.4.1. Species distribution curves 
Docking measurements can be used as a new tech-

nique for prediction of the dissociation constants, pKa. From 
microspecies distribution curves obtained by docking mea-
surements for the ligands, it was found that, there is one dis-
sociable proton, pKH, nearly in the range ~7.0-7.6 for ligands 
(HLn) as shown in Fig. 11. The predicted Ki and experimently 
calculated pKH  values  of the ligands. 

3.5. Proton-ligand dissociation constant 
The interaction of a metal with an electron donor 

atom of ligands (HLn) is usually followed by the release of H+. 
Alkaline potentiometric titrations are based on the detection of 
the protons released upon complexation in this direction it is 
possible to calculate the dissociation constants and the stabili-
ty constants of its complexes from the potentiometric titration. 

 
The acid dissociation constant of ligands (HLn) was 

first determined from titration curves in the presence and ab-
sence of ligands (HLn). It can be seen that for the same volume 
of NaOH added, the compound titration curves show a lower 
pH value than the titration curve of free acid. From these titra-
tion curves, the average number of protons associated with 
HLn molecule, nA, in monomeric forms were determined at 
different pH values applying the following equation (9) ac-
cording to Irving and Rossotti equation [39,40] 

o
L

o

oo

A
TCVV

ENVVYn
)(

))((

1

21

−
+−

±=        (9)       

 
where Y is the number of available protons in HLn 

(Y=1) and V1 and V2 are the volumes of alkali required to 
reach the same pH on the titration curve of hydrochloric acid 
and reagent, respectively, V° is the initial volume (50 cm3) of 
the mixture, TC°L is the total concentration of the reagent, N° 
is the normality of the sodium hydroxide solution and E° is 
the initial concentration of the free acid. The average number 
of protons associated with the ligands (HLn) at different pH 
values,nA was calculated. Thus, the formation curves (nA vs. 
pH) for the proton-ligand systems were constructed and 
found to extend between 0 and 1 in thenA scale. This means 
that ligands (HLn) has one dissociable proton (the hydrogen 
ion of the -OH rhodanine moiety, pKH) are listed in Table 5. 
The PHLn has a lower acidic character (higher pKH values) 
than HLn. This is quite reasonable because the presence of the 
vinyl group (H2C=CH) in monomeric form will decrease the 
electron density, whereby weaker -OH bond is formed. The 
absence of vinyl group in polymeric form will lead  to the op-
posite effect (i.e., retard the removal of the ligand proton and 
hence increase the basicity of ligands (HLn). 

3.6. Stability constants  
Dissociation constant behavior and the effect of metal ion 

on the ligand titration curve provides a selective means for 
measuring stability constants of metal complexes by the same 
way potentiometrically. The formation curves for the metal 
complexes were obtained by plotting the average number of 
ligands attached per metal ions (n) (calculated according to 
Irving and Rossotti [40,41]); versus the free ligand exponent 
(pL), can be calculated using the Eqs. 10 and 11.  

 
 

o
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n
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=             (10)                                               

                                                    
and 

[ ]
o

o

o
M

o
L

Jn

on

n
H
n

V
VV

TCnTC
H

pL 3
10 .

.
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=
∑
=

=
+

β
        (11) 

where TC°M is the total concentration of the metal ion present 
in the solution, βHn is the overall proton-reagent stability con-
stant. V1, V2 and V3 are the volumes of alkali required to reach 
the same pH on the titration curves of hydrochloric acid, or-
ganic ligand and complex, respectively. The values of the sta-
bility constants (log K1 and log K2) are given in Table 6. 

 
The following general remarks can be made:     
i) The maximum value ofn was ~ 2 indicating the formation 

of 1:1 and 1:2 (metal:ligand) complexes  [42]. 

ii) The metal ion solution used in the present study was very 
dilute (2 x 10-5 M), hence there was no possibility of forma-
tion of metal hydroxide and polynuclear complexes [43,44]. 

iii) The metal titration curves were displaced to the right-hand 
side of the ligand titration curves along the volume axis, 
indicating proton release upon complex formation of the 
metal ion with the ligand. The large decrease in pH for 
the metal titration curves relative to ligand titration 
curves point to the formation of strong metal complexes 
[45,46]. 

iv) For all the complexes, the stability constants of  PHLn are 
higher than HLn. This is quite reasonable because the li-
gand in polymeric forms are better complexing agent 
[14]. 

  v) For the same ligand (HLn and PHLn) at constant tempera-
ture, the stability of the chelates increases in the order 
Mn2+, Co2+, Ni2+, Cu2+ [47-49].  This order largely reflects 
that the stability of Cu2+ complexes are considerably larg-
er as compared to other metals of the 3d series. Under the 
influence of  both the polarizing ability of the metal ion 

[50] and the ligand field [51], Cu2+ will receive some extra 
stabilization due to tetragonal distortion of octahedral 
symmetry in its complexes. The greater stability of  Cu2+ 
complexes is produced by the well known Jahn–Teller ef-
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fect [52]. 

3.7. Effect of temperature 
The dissociation constants (pKH), for ligands (HLn) set 

in monomeric and polymeric forms as well as the stability 
constants of its complexes with (Mn2+ , Co2+ , Ni2+  and Cu2+)  have 
been evaluated at 298, 308 and 318 K which are listed in Tables 
5 and 6.  

 
The enthalpy change (ΔH˚) for the dissociation or com-

plexation process was calculated from the slope of the plot 
(pKa or logK vs. 1/T) using the graphical representation of the 
van Hoff equation (12) or (13). i.e., the complexation produces 
a sufficient change in the pKa. 

∆G˚ = -2.303 RT log K = ∆H˚ – T ∆S˚   (12) 

or 

R
S

TR
HK

oo

303.2
1

303.2
log ∆

+













 ∆−
=          (13) 

 

From the  ∆G˚ and ∆H˚ values one can deduce the ∆S 
using the well known relationships 12 and 14: 

∆S˚ = (∆H˚-∆G˚) / T            (14) 

where R = 8.314 J K P

-1
P mol P

-1
P  is the gas constant, K is the dissocia-

tion constant for the ligand or the stability constant of the com-
plex, and T is absolute temperature. 

 

     All thermodynamic parameters of the dissociation process 
of ligands (HLRnR) set in monomeric and polymeric forms are 
recorded in Tables 6,7 and 8. From these results the following 
conclusions can be made: 
i) The pK P

H
P values decrease with increasing temperature, i.e., 

the acidity of the ligand increases. 
ii) A positive value of ∆H indicates that the process is endo-
thermic. 
iii) A large positive value of ∆G˚ indicates that the dissociation 

process is not spontaneous [53]. 
iv) A negative value of ∆S˚ is obtained due to the increased or-

der as a result of the   solvation process.  

All the thermodynamic parameters of the stepwise sta-
bility constants of ligands (HLRnR) complexes set in monomeric 
and polymeric forms are recorded in Tables 5 and 7. 

It is known that the divalent metal ions exist in solution 
as octahedrally hydrated species [54] and the obtained values 
of ∆H˚ and ∆S˚ can then be considered as the sum of two con-
tributions: (a) release of HR2RO molecules, and (b) metal-ligand 
bond formation. Examination of these values shows that: 

i) The stepwise stability constants (log KR1R and log KR2R) for HLRn 

Rand PHLRnR complexes increases with increasing tempera-
ture [55]. 

ii) The negative value of ∆G˚ for the complexation process of 
HLRn Rand PHLRnR suggests the spontaneous nature of such 
processes [56, 57].  

 iii) The ∆H˚ values of HLRn Rand PHLRnR are positive, meaning 

that these processes are endothermic and favourable at 
higher temperature. 

iv) The ∆S˚ values for the complexes of HLRn Rand PHLRnR are 
positive, confirming that the complex formation is 
entropically favourable [14]. 

 

4. CONCLUSION 
A series of three closely related organic ligand com-

pounds consisting 3-allyl-5-((4-derivative phenyl)diazenyl)-2-
thioxothiazolidin-4-one (HLRnR)  has been designed, synthesized 
and characterized by different spectroscopic techniques. Cal-
culated geometries investigated to obtain the most stable 
structure. Simultaneous potentiometric titration analysis for 
the solution of ligands (HLRnR) and its metal stability constants 
with (Mn P

2+
P, CoP

2+
P, Ni P

2+
P and CuP

2+
P) P

 
Pin monomeric and polymeric 

forms was established with good prediction ability. The pro-
ton–ligand dissociation constant of ligands (HLRnR) and metal–
ligand stability constants of their complexes with metal ions 
(Mn P

2+
P, CoP

2+
P, Ni P

2+
P and CuP

2+ 
P) at different temperatures were de-

termined. At constant temperature the stability constants of 
the formed complexes decrease in the order of Mn P

2+
P > CoP

2+ 
P> 

NiP

2+
P > CuP

2+
P.  From This performance, the dissociation process is 

non spontaneous, endothermic and entropically unfavorable. 
The formation of the metal complexes has been found to be 
spontaneous, endothermic and entropically favorable based 
on thermodynamic principles. The values of stability constants 
(log KR1R and log KR2R) of complexes increase with increasing 
temperature. The molecular docking performance of these 
ligands (HLRnR) set observed an indication that presence of azo 
group is an efficient inhibitor for prostate cancer 2q7k-
Hormone and 3hb5-oxidoreductase receptor of breast cancer. 
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        Table 1: EHOMO, ELUMO and some chemical parameters of HLn 

Comp.  ERHOMOR 
(a.u) 

ERLUMOR 
(a.u) ΔE (a.u) χ 

(a.u) 
η 

(a.u) 
σ 

(a.u) P

-1 
Pi 

(a.u) 
S 

(a.u) P

-1 
ω 

(a.u) ∆NRmax 

HLR1 (A) -3.336 -2.415 0.921 2.876 0.461 2.172 -2.875 1.085 8.977 6.24 

 (B) -2.303 -2.247 0.056 2.275 0.028 35.714 -2.275 17.857 92.422 81.250 
HLR2 (A) -3.363 -2.948 0.415 3.156 0.208 4.819 -3.156 2.409 23.993 15.21 

 (B) -2.433 -2.245 0.188 2.339 0.094 10.638 -2.339 5.319 29.101 24.88 
HLR3 (A) -3.330 -2.302 1.028 2.816 0.514 1.946 -2.816 0.973 7.714 5.48 

 (B) -2.244 -2.032 0.212 2.138 0.106 9.434 -2.138 4.717 21.56 20.17 

 

 
                                     Table 2: Bond lengths for ligands (HLRnR). 

Bond lengths( ) 
HLR1 HLR2 HLR3 

C(19)-H(32) 1.1 C(18)-H(29) 1.1 C(19)-H(29) 1.1 
C(19)-H(31) 1.101 C(18)-H(28) 1.101 C(19)-H(28) 1.101 
C(18)-H(30) 1.104 C(17)-H(27) 1.104 C(18)-H(27) 1.104 
C(17)-H(29) 1.114 C(16)-H(26) 1.114 C(17)-H(26) 1.114 
C(17)-H(28) 1.113 C(16)-H(25) 1.113 C(17)-H(25) 1.113 
C(16)-H(27) 1.114 C(15)-H(24) 1.103 C(15)-H(24) 1.103 
C(16)-H(26) 1.114 C(14)-H(23) 1.103 C(14)-H(23) 1.103 
C(16)-H(25) 1.113 C(12)-H(22) 1.105 C(12)-H(22) 1.105 
C(15)-H(24) 1.103 C(11)-H(21) 1.103 C(11)-H(21) 1.103 
C(14)-H(23) 1.103 C(10)-H(20) 1.103 O(7)-H(20) 0.972 
C(12)-H(22) 1.105 O(7)-H(19) 0.972 C(10)-C(15) 1.342 
C(11)-H(21) 1.103 C(10)-C(15) 1.341 C(14)-C(15) 1.343 
O(7)-H(20) 0.972 C(14)-C(15) 1.343 C(13)-C(14) 1.348 
C(10)-C(15) 1.344 C(13)-C(14) 1.348 C(12)-C(13) 1.348 
C(14)-C(15) 1.343 C(12)-C(13) 1.348 C(11)-C(12) 1.342 
C(13)-C(14) 1.347 C(11)-C(12) 1.342 C(10)-C(11) 1.341 
C(12)-C(13) 1.347 C(10)-C(11) 1.341 C(3)-S(2) 1.79 
C(11)-C(12) 1.342 C(3)-S(2) 1.79 C(6)-S(2) 1.486 
C(10)-C(11) 1.343 C(6)-S(2) 1.486 C(5)-C(6) 1.356 
C(3)-S(2) 1.79 C(5)-C(6) 1.356 N(4)-C(5) 1.274 
C(6)-S(2) 1.486 N(4)-C(5) 1.274 C(3)-N(4) 1.265 
C(5)-C(6) 1.356 C(3)-N(4) 1.265 C(18)-C(19) 1.34 
N(4)-C(5) 1.274 C(17)-C(18) 1.34 C(17)-C(18) 1.507 
C(3)-N(4) 1.265 C(16)-C(17) 1.508 N(4)-C(17) 1.479 

C(18)-C(19) 1.34 N(4)-C(16) 1.479 C(13)-N(1) 1.269 
C(17)-C(18) 1.508 C(13)-N(1) 1.269 C(10)-Cl(16) 1.727 
N(4)-C(17) 1.479 C(6)-N(9) 1.268 C(6)-N(9) 1.268 
C(13)-N(1) 1.268 N(1)-N(9) 1.252 N(1)-N(9) 1.252 
C(10)-C(16) 1.51 C(3)-S(8) 1.573 C(3)-S(8) 1.573 
C(6)-N(9) 1.268 C(5)-O(7) 1.364 C(5)-O(7) 1.364 
N(1)-N(9) 1.252     
C(3)-S(8) 1.573     
C(5)-O(7) 1.364     
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                  Table 3: Bond angles for ligands (HLn). 
Bond angles (°) 

HL1 HL2 HL3 
H(32)-C(19)-H(31) 117.569 H(29)-C(18)-H(28) 117.562 H(29)-C(19)-H(28) 117.563 
H(32)-C(19)-C(18) 121.407 H(29)-C(18)-C(17) 121.409 H(29)-C(19)-C(18) 121.407 
H(31)-C(19)-C(18) 121.024 H(28)-C(18)-C(17) 121.029 H(28)-C(19)-C(18) 121.031 
H(30)-C(18)-C(19) 119.064 H(27)-C(17)-C(18) 119.071 H(27)-C(18)-C(19) 119.072 
H(30)-C(18)-C(17) 116.995 H(27)-C(17)-C(16) 116.998 H(27)-C(18)-C(17) 117 
C(19)-C(18)-C(17) 123.941 C(18)-C(17)-C(16) 123.931 C(19)-C(18)-C(17) 123.928 
H(27)-C(16)-H(26) 108.468 H(24)-C(15)-C(10) 119.647 H(24)-C(15)-C(10) 120.478 
H(27)-C(16)-H(25) 107.795 H(24)-C(15)-C(14) 120.031 H(24)-C(15)-C(14) 119.321 
H(27)-C(16)-C(10) 110.016 C(10)-C(15)-C(14) 120.322 C(10)-C(15)-C(14) 120.201 
H(26)-C(16)-H(25) 107.196 H(20)-C(10)-C(15) 120.315 C(15)-C(10)-C(11) 119.499 
H(26)-C(16)-C(10) 110.67 H(20)-C(10)-C(11) 120.287 C(15)-C(10)-Cl(16) 120.251 
H(25)-C(16)-C(10) 112.55 C(15)-C(10)-C(11) 119.398 C(11)-C(10)-Cl(16) 120.25 
H(24)-C(15)-C(10) 119.328 H(21)-C(11)-C(12) 120.119 H(21)-C(11)-C(12) 119.418 
H(24)-C(15)-C(14) 119.408 H(21)-C(11)-C(10) 119.894 H(21)-C(11)-C(10) 120.726 
C(10)-C(15)-C(14) 121.264 C(12)-C(11)-C(10) 119.987 C(12)-C(11)-C(10) 119.855 
C(15)-C(10)-C(11) 117.927 H(23)-C(14)-C(15) 116.997 H(23)-C(14)-C(15) 116.994 
C(15)-C(10)-C(16) 120.449 H(23)-C(14)-C(13) 121.933 H(23)-C(14)-C(13) 121.834 
C(11)-C(10)-C(16) 121.624 C(15)-C(14)-C(13) 121.07 C(15)-C(14)-C(13) 121.172 
H(21)-C(11)-C(12) 119.204 H(22)-C(12)-C(13) 120.365 H(22)-C(12)-C(13) 120.272 
H(21)-C(11)-C(10) 119.959 H(22)-C(12)-C(11) 118.175 H(22)-C(12)-C(11) 118.155 
C(12)-C(11)-C(10) 120.837 C(13)-C(12)-C(11) 121.46 C(13)-C(12)-C(11) 121.573 
H(23)-C(14)-C(15) 117.075 H(26)-C(16)-H(25) 104.126 H(26)-C(17)-H(25) 104.122 
H(23)-C(14)-C(13) 121.897 H(26)-C(16)-C(17) 108.426 H(26)-C(17)-C(18) 108.415 
C(15)-C(14)-C(13) 121.028 H(26)-C(16)-N(4) 111.755 H(26)-C(17)-N(4) 111.766 
H(22)-C(12)-C(13) 120.272 H(25)-C(16)-C(17) 111.401 H(25)-C(17)-C(18) 111.411 
H(22)-C(12)-C(11) 118.232 H(25)-C(16)-N(4) 111.223 H(25)-C(17)-N(4) 111.211 
C(13)-C(12)-C(11) 121.496 C(17)-C(16)-N(4) 109.779 C(18)-C(17)-N(4) 109.785 
H(29)-C(17)-H(28) 104.113 S(2)-C(3)-N(4) 103.702 S(2)-C(3)-N(4) 103.699 
H(29)-C(17)-C(18) 108.458 S(2)-C(3)-S(8) 124.816 S(2)-C(3)-S(8) 124.815 
H(29)-C(17)-N(4) 111.733 N(4)-C(3)-S(8) 131.446 N(4)-C(3)-S(8) 131.451 

H(28)-C(17)-C(18) 111.386 H(19)-O(7)-C(5) 110.182 H(20)-O(7)-C(5) 110.196 
H(28)-C(17)-N(4) 111.255 C(5)-N(4)-C(3) 117.115 C(5)-N(4)-C(3) 117.126 
C(18)-C(17)-N(4) 109.765 C(5)-N(4)-C(16) 120.83 C(5)-N(4)-C(17) 120.841 

S(2)-C(3)-N(4) 103.704 C(3)-N(4)-C(16) 122.055 C(3)-N(4)-C(17) 122.033 
S(2)-C(3)-S(8) 124.811 C(3)-S(2)-C(6) 93.879 C(3)-S(2)-C(6) 93.876 
N(4)-C(3)-S(8) 131.447 C(6)-C(5)-N(4) 113.86 C(6)-C(5)-N(4) 113.846 

H(20)-O(7)-C(5) 110.179 C(6)-C(5)-O(7) 123.147 C(6)-C(5)-O(7) 123.158 
C(5)-N(4)-C(3) 117.113 N(4)-C(5)-O(7) 122.972 N(4)-C(5)-O(7) 122.975 

C(5)-N(4)-C(17) 120.807 C(14)-C(13)-C(12) 117.763 C(14)-C(13)-C(12) 117.699 
C(3)-N(4)-C(17) 122.08 C(14)-C(13)-N(1) 125.647 C(14)-C(13)-N(1) 125.692 
C(3)-S(2)-C(6) 93.876 C(12)-C(13)-N(1) 116.589 C(12)-C(13)-N(1) 116.609 
C(6)-C(5)-N(4) 113.857 S(2)-C(6)-C(5) 111.413 S(2)-C(6)-C(5) 111.423 
C(6)-C(5)-O(7) 123.152 S(2)-C(6)-N(9) 131.465 S(2)-C(6)-N(9) 131.407 
N(4)-C(5)-O(7) 122.969 C(5)-C(6)-N(9) 117.122 C(5)-C(6)-N(9) 117.169 

C(14)-C(13)-C(12) 117.448 C(6)-N(9)-N(1) 119.3 C(6)-N(9)-N(1) 119.3 
C(14)-C(13)-N(1) 125.777 C(13)-N(1)-N(9) 119.622 C(13)-N(1)-N(9) 119.648 
C(12)-C(13)-N(1) 116.775     

S(2)-C(6)-C(5) 111.418     
S(2)-C(6)-N(9) 131.477     
C(5)-C(6)-N(9) 117.105     
C(6)-N(9)-N(1) 119.311     

C(13)-N(1)-N(9) 119.569     
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Table 4.   Energy values obtained in docking calculations of ligands (HLn) with of prostate cancer mutant 2q7k and breast cancer  mu-
tant 3hb5 receptors. 

Receptor  Est. free 
energy of 
binding 

(kcal/mol) 

Est. inhibition 
constant (Ki) 

(µM) 

vdW+ bond+ 
desolve 
energy 

(kcal/mol) 

Electrostatic 
Energy 

(kcal/mol) 

Total inter-
cooled 
Energy 

(kcal/mol) 

Interact 
surface 

2q7k HL1 -6.65 13.28 -7.93 -0.00 -7.93 539.824 
 HL2 -7.09 6.34 -8.38 -0.01 8.39 511.396 
 HL3 -4.08 1.01 -6.07 -0.00 -6.07 540.873 
        

3hb5 HL1 -6.71 12.05 -8.11 +0.01 -8.10 778.469 
 HL2 -6.03 37.79 -7.73 +0.03 -7.70 751.366 
 HL3 -7.52 3.08 -8.83 -0.04 -8.87 765.084 

 
 
 
 

                      Table 5: Thermodynamic functions for the dissociation of HL1-3 and PHL1-3  in 50 % (by volume) DMF-water mixture in the 
presence of 0.1 M KCl at different temperatures. 

Comp. Temp. 
K 

Dissociation con-
stant 

Free energy 
change 
kJ mol-1 

Enthalpy change 
kJ mol-1 

Entropy change 
J mol-1 K-1 

pKH ∆G ∆H - ∆S 
HL1 298 8.31 47.42  70.89 

 308 8.17 48.18 26.29 71.07 
 318 8.02 48.83  70.89 

HL2 298 8.10 46.22  85.13 
 308 7.99 47.12 20.85 85.29 
 318 7.87 47.92  85.12 

HL3 298 7.90 45.08  66.12 
 308 7.77 45.82 25.37 66.39 
 318 7.62 46.40  66.11 
      

PHL1 298 8.82 50.33  86.74 
 308 8.69 51.25 24.48 86.92 
 318 8.55 52.06  86.74 

PHL2 298 8.61 49.13  91.75 
 308 8.48 50.01 21.79 91.64 
 318 8.37 50.96  91.75 

PHL3 298 8.41 47.99  78.76 
 308 8.26 48.71 24.52 78.56 
 318 8.14 49.56  78.76 
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                Table 6: Stepwise stability constants for ML and ML2 complexes of HL1-3 and PHL1-3  in 50 % (by volume) DMF-water mixture 
                 in the presence of 0.1 M KCl at different temperatures. 

 
M

n+
 

298 K 308 K  318 K  
Comp. log KR

1
 log KR

2
 log KR

1
 log KR

2
 log KR

1
 log KR

2
 

HLR1 MnP

2+ 5.00  4.20  5.18  4.37  5.37  4.56  
 CoP

2+ 5.18  4.37  5.35  4.53  5.47  4.71 
 NiP

2+ 5.24  4.43  5.41  4.58  5.52  4.75  
 CuP

2+ 5.44  4.61   5.62                                               4.79  5.70  4.90  
HLR2 MnP

2+ 5.15 4.34 5.32 4.55 5.85 4.74 
 CoP

2+ 5.33 4.49 5.47 4.70 6.03 4.89 
 NiP

2+ 5.41 4.63 5.63 4.84 6.20 5.06 
 CuP

2+ 5.60 4.75 5.79 4.96 6.36 5.23 
HLR3 MnP

2+ 5.32 4.52 5.50 4.73 6.03 4.92 
 CoP

2+ 5.46 4.66 5.64 4.88 6.19 5.05 
 NiP

2+ 5.61 4.81 5.80 5.01 6.33 5.20 
 CuP

2+ 5.76 4.95 5.95 5.17 6.46 5.36 
        
PHLR1 MnP

2+ 6.00 5.02 6.28 5.30 6.56 5.60 
 CoP

2+ 6.14 5.15 6.43 5.44 6.71 5.75 
 NiP

2+ 6.29 5.29 6.56 5.58 6.85 5.91 
 CuP

2+ 6.43 5.44 6.70 5.72 6.99 6.04 
PHLR2 MnP

2+ 6.18 5.20 6.46 5.48 6.74 5.78 
 CoP

2+ 6.31 5.33 6.61 5.61 6.90 5.91 
 NiP

2+ 6.46 5.48 6.76 5.76 7.03 6.05 
 CuP

2+ 6.61 5.62 6.90 5.91 7.16 6.19 
PHLR3 MnP

2+ 6.36 5.38 6.64 5.66 6.92 5.96 
 CoP

2+ 6.48 5.51 6.79 5.80 7.07 6.11 
 NiP

2+ 6.63 5.65 6.92 5.93 7.21 6.26 
 CuP

2+ 6.77 5.79 7.06 6.06 7.35 6.40 
 
 
 

        Table  7: Thermodynamic functions for ML and MLR2R complexes of HLR1-3 R in 50 % (by volume) DMF-water mixture and 0.1 M P

 
PKCl  

        at different temperatures. 

Comp. M P

n+ T/K 

Free energy change 

(kJ mol P

-1
P) 

Enthalpy change 

( kJ mol P

-1
P) 

Entropy change 

( J molP

-1
P KP

-1
P) 

- ∆GR1 - ∆GR2 ∆HR1 ∆HR2 ∆SR1 ∆SR2 
HLR1 MnP

2+ 298 28.53 23.96 33.55 32.63 208.31 189.91 
  308 30.55 25.77 33.55 32.63 208.10 189.61 
  318 32.70 27.76 33.55 32.63 208.31 189.92 
 CoP

2+ 298 29.56 24.93 26.35 30.82 187.60 187.08 
  308 31.55 26.71 26.35 30.82 187.99 186.79 
  318 33.31 28.68 26.35 30.82 187.59 187.09 
 NiP

2+ 298 29.90 25.28 25.45 29.00 185.74 182.14 
  308 31.90 27.01 25.45 29.00 186.22 181.85 
  318 33.61 28.92 25.45 29.00 185.73 182.15 
 CuP

2+ 298 31.04 26.30 23.68 23.68 183.62 167.72 
  308 33.14 28.25 23.68 23.68 184.48 168.59 
  318 34.71 29.84 23.68 23.68 183.60 168.28 

HLR2 MnP

2+ 298 29.39 24.76 63.13 36.30 310.45 204.90 
  308 31.37 26.83 63.13 36.30 306.83 204.96 
  318 35.62 28.86 63.13 36.30 310.53 204.90 
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 Co2+ 298 30.41 25.62 63.07 36.30 313.70 207.77 
  308 32.26 27.72 63.07 36.30 309.51 207.84 
  318 36.72 29.77 63.07 36.30 313.79 207.77 
 Ni2+ 298 30.87 26.42 71.30 38.99 342.86 219.48 
  308 33.20 28.54 71.30 38.99 339.30 219.25 
  318 37.75 30.81 71.30 38.99 342.93 219.49 
 Cu2+ 298 31.95 27.10 68.55 43.47 337.26 236.83 
  308 34.15 29.25 68.55 43.47 333.43 236.12 
  318 38.72 31.84 68.55 43.47 337.35 236.85 

HL3 Mn2+ 298 30.36 25.79 64.05 36.30 316.79 208.34 
  308 32.44 27.89 64.05 36.30 313.25 208.41 
  318 36.72 29.96 64.05 36.30 316.86 208.34 
 Co2+ 298 31.15 26.59 65.84 35.42 325.49 208.08 
  308 33.26 28.78 65.84 35.42 321.76 208.43 
  318 37.69 30.75 65.84 35.42 325.57 208.07 
 Ni2+ 298 32.01 27.45 64.96 35.38 325.41 210.82 
  308 34.20 29.55 64.96 35.38 321.97 210.79 
  318 38.54 31.66 64.96 35.38 325.49 210.82 
 Cu2+ 298 32.87 28.24 63.17 37.21 322.27 219.65 
  308 35.09 30.49 63.17 37.21 319.02 219.81 
  318 39.33 32.64 63.17 37.21 322.34 219.65 

 

 

Table 8 : Thermodynamic functions for ML and MLR2R complexes of PHLR1-3 R in 50 % (by volume) DMF-water mixture and 0.1 M P

 
PKCl at different 

temperatures. 

Comp. M P

n+ T/K 
Free energy change 

(kJ mol P

-1
P) 

Enthalpy change 

( kJ mol P

-1
P) 

Entropy change 

( J molP

-1
P KP

-1
P) 

- ∆GR1 - ∆GR2 ∆HR1 ∆HR2 ∆SR1 ∆SR2 
PHLR1 MnP

2+ 298 34.24 28.64 50.79 52.58 285.31 272.57 
  308 37.04 31.26 50.79 52.58 285.14 272.20 
  318 39.94 34.10 50.79 52.58 285.31 272.57 
 CoP

2+ 298 35.03 29.39 51.70 54.39 291.07 281.14 
  308 37.92 32.08 51.70 54.39 290.99 280.77 
  318 40.86 35.01 51.70 54.39 291.07 281.15 
 NiP

2+ 298 35.89 30.18 50.77 56.19 290.80 289.84 
  308 38.69 32.91 50.77 56.19 290.43 289.27 
  318 41.71 35.98 50.77 56.19 290.80 289.85 
 CuP

2+ 298 31.04 26.30 23.68 26.37 183.62 176.76 
  308 33.14 28.25 23.68 26.37 184.48 177.33 
  318 34.71 29.84 23.68 26.37 183.60 176.74 
PHLR2 MnP

2+ 298 35.26 29.67 50.79 52.58 288.76 276.01 
  308 38.10 32.32 50.79 52.58 288.58 275.64 
  318 41.04 35.19 50.79 52.58 288.76 276.02 
 CoP

2+ 298 36.00 30.41 53.52 52.58 300.41 278.50 
  308 38.98 33.08 53.52 52.58 300.32 278.13 
  318 42.01 35.98 53.52 52.58 300.41 278.51 
 NiP

2+ 298 36.86 31.27 51.72 51.68 297.26 278.36 
  308 39.87 33.97 51.72 51.68 297.37 278.09 
  318 42.80 36.84 51.72 51.68 297.26 278.37 
 CuP

2+ 298 37.72 32.07 49.91 51.70 294.04 281.11 
  308 40.69 34.85 49.91 51.70 294.16 281.03 
  318 43.60 37.69 49.91 51.70 294.04 281.11 

PHLR3 MnP

2+ 298 36.29 30.70 50.79 52.58 292.20 279.46 
  308 39.16 33.38 50.79 52.58 292.03 279.09 
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  318 42.13 36.29 50.79 52.58 292.21 279.47 
 Co2+ 298 36.97 31.44 53.54 54.39 303.73 288.03 

  308 40.04 34.20 53.54 54.39 303.83 287.66 
  318 43.05 37.20 53.54 54.39 303.73 288.04 
 Ni2+ 298 37.83 32.24 52.60 55.27 303.46 293.66 
  308 40.81 34.97 52.60 55.27 303.28 293.00 
  318 43.90 38.12 52.60 55.27 303.46 293.67 
 Cu2+ 298 38.63 33.04 52.60 55.25 306.14 296.27 
  308 41.64 35.74 52.60 55.25 305.96 295.42 
  318 44.75 38.97 52.60 55.25 306.14 296.29 

 
 
 
 
 
 
 

 

R NH2

i)  NaNO2 / HCl

ii) Alkaline solution
        0 - 5 oC
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Fig. 1: The formation mechanism of allylrhodanine azodye (HLn); (where R = -CH3 (HL1), -H (HL2) and –Cl (HL3) ) in monomeric form. 
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HL1 

 

HL2 

 

HL3 

 

Carbon atom                                            Oxygen atom 

Nitrogen atom                                         Hydrogen atom 

Fig. 2: Molecular structure with atomic numbering of HLn  in monomeric form. 
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 HOMO LUMO 

HL1 

 
 

HL2 

 
 

HL3 

 
 

Carbon atom                                            Oxygen atom 

Nitrogen atom                                         Hydrogen atom 

Fig. 3: Molecular structures (HOMO & LUMO) for HLn ligands. 
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Fig. 4: The relation between Hammett’s substitution coefficients (σR) vs. energy gap (∆E) of the ligands (HLn). 
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Fig. 5. The ligands (HLn) (green in (A) and blue in (B)) in interaction with prostate cancer mutant 2q7k receptor. (For 

interpretation of the references to color in this figure legend, the reader is referred to the web version of this article). 
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Fig. 6. The ligands (HLn) (green in (A1) and blue in (B1)) in interaction with breast cancer mutant 3hb5 receptor. (For interpretation of 

the references to color in this figure legend, the reader is referred to the web version of this article). 
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Fig. 7. HB plot of interaction between ligands (HLRnR) with receptor of prostate cancer mutant 2q7k. 
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Fig. 8. HB plot of interaction between ligands (HLn) with receptor of breast cancer mutant 3hb5. 
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HL3 

 
 

Fig. 9. 2D plot of interaction between ligands (HLRnR) with receptor of prostate cancer mutant 2q7k. 
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Fig. 10. 2D plot of interaction between ligands (HLn) with receptor of breast cancer mutant 3hb5. 
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Fig. 11. Microspecies distribution curves of the ligands.  
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