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Abstract
Recently, the 5-HT7 receptor has achieved greater attention in research fraternity due to the involvement of neurotrans-
mitter serotonin (5-hydroxytryptamine, 5-HT) in several neurological disorders. Targeting this neuroreceptor, we have 
synthesized six compounds named as butyl-benzoxazolone substituted piperazinium derivatives (BBOP) derivatives, 
abbreviated as L1-L6. These compounds have been evaluated for their binding interaction with BSA through photophysical 
and in-silico approaches. The UV absorption of these compounds with BSA at λmax = 280 nm, showed an optical density 
(O.D.) in the range of 0.5–0.9, i.e., 21%-53%  (L1max = 1.4,  L5min = 0.7385) at varied concentrations (17 μM-114 μM). For 
fluorescence studies, the  Ksv value varied inversely with temperature, which confirmed the static mechanism of quenching 
with L1 showing maximum quenching. The parameters (ΔH, ΔS) obtained from the thermodynamic study for interaction 
between BSA and L1-L6 were correlated with in-silico (molecular docking) data. The in-silico docking study showed 
hydrophobic and the Van der Waals forces were the most significant forces. Amino acid residues ARG 217 & TRP 213 
(Sudlow Site I) and LYS 116 & GLU 125 (Sudlow Site II) of BSA were primarily involved in H-bonding.Furthermore, 
the catalytic activity of BSA for hydrolyzingdifferent chemical entities have monitored in the presence of L1-L6 through 
esterase-like assay with p-NPA as a substrate, to get more insight about the interaction with catalytic residues (LYS 414, 
LYS 413, and TYR 411) in BSA at site II. These findings showed the potential of these 5-HT7 markers as promising 
ligands with appropriate drug likeliness characteristics.
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Introduction

Among the receptors for the neurotransmitter serotonin, 
the most potential target which is involved in the treat-
ment of variety of neuronal disorders is 5-HT7 [1, 2]. 
Numerous ligands with higher affinity for 5-HT7 recep-
tors were reported but as these receptors share homology 
with other serotonin receptors so non-selectivity of the 
ligands remained a problem [3]. We proposed a phar-
macophore model for ligands that may be active against 
5-HT7 receptors based on the prior literature. It has a 
one sizable non-aromatic hydrophobic region with an 
H-bond donor group in addition to the three aromatic 
hydrophobic regions.

Arylpiperazine (AP) class of compounds are gener-
ally known to bind to serotonin receptors efficiently [4], 
whereas benzoxazolones have better pharmacological pro-
file for targeting on central nervous system (CNS) recep-
tors [5, 6]. In addition, the carbon-chain linker (which con-
nects the two aromatic hydrophobic regions) with more 

than three carbons was discovered to have a better affinity 
for 5-HT7 receptors [7].

On the basis of these concepts, we synthesized ligands 
with an arylpiperazinyl moiety connected to the N-atom 
of the benzoxazolone moiety via a four-carbon alkyl chain 
spacer. The aromatic ring attached to the piperazine nucleus 
was substituted by hydroxy and methoxy groups at all pos-
sible three positions ('o'/'m'/'p'). The synthesis and binding 
efficacy have already been discussed in our previous work 
[8]. For the synthesis of same, we used methyliodide  (CH3I) 
in the presence of a base for methylation. During this pro-
cess, it was observed that excess use of  CH3I is responsi-
ble for the synthesis of a new compound of the quarternary 
ammonium category. Hence, we obtained six new butyl-
benzoxazolone substituted piperazinium derivatives (BBOP) 
derivatives abbreviated as L1-L6 as shown in Fig. 1.

The selectivity, duration, intensity, effectiveness, toxicity, 
and rate of drug elimination from the body are crucial factors 
that must be taken into consideration when using these deriva-
tives for in-vivo studies and investigating their pharmacological 
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profile. One of the most important aspects that determines how 
a newly developed drug candidate will be distributed through-
out the body is how it interacts with a protein found in plasma., 
therefore we have taken serum protein for our study plan [9].

Serum albumin, which makes up 60% of the plasma 
protein content, is the primary protein for drug binding. 
Similar to how enzymes have specific sites for the sub-
strate, it has structurally specific binding sites for drugs 
[10]. We chose BSA over human serum albumin (HSA) for 
this study due to the presence of two tryptophan residues, 
76% sequence homology with the albumin protein found 
in humans, cost effectiveness, greater water solubility, and 
availability in its pure form. The BSA serves as a trans-
porter protein (in-vivo) for most of the biologically active 
organic heterocyclics. BSA is a 583 amino acid residue 
cordate molecule with three homologous domains I, II, and 
III, these domains are further divided into subdomains A 
and B. Each molecule of BSA consists of six distinct bind-
ing sites for different constituents, two of them such as 
Sudlow site I and II are the most important for drug bind-
ing [11, 12]. We used a variety of spectroscopic methods 
(including absorption, fluorescence, and circular dichro-
ism (CD) spectroscopy) and cheminformatics to visualize 
the binding mode of the synthesized ligands in order to 
observe how they interacted with BSA.

Experimental Section

Materials

BSA (fatty-acid free), Benzoxazolone, ‘o’/ ‘m’/ ‘p’- hydroxy/
methoxyphehnyl piperazines were purchased from Sigma-
Aldrich. Methyliodide, Methanol, Acetonitrile,  K2CO3, 
1,4-Dibromobutane, and Tetrahydrofuran were purchased 

from lab line traders, Lucknow. Hi-Media chemicals pro-
vided the PBS (phosphate buffer saline).

Preparation of Stock Solution

For photophysical study, BSA (15 μM) was prepared in 1X 
phosphate buffer solution. Synthesized compounds were dis-
solved in a small amount of methanol and making the requisite 
concentration by adding PBS. Each experiment was performed 
at a fixed concentration of BSA (15 μM) [13]. Compounds 
L1-L6 were synthesized by our group (Scheme 1).

Synthesis of N‑methyl Salts 
of (arylpiperazinyl‑butyl)benzoxazolone Derivatives 
(L1‑ L6)

The final compounds 4(a-f) were synthesized as per 
scheme 1, which consist of three different steps. Two dif-
ferent analogues (hydroxy and methoxy) of the designed 
compounds were synthesized in which first step involves 
the N-bromoalkylation of the benzoxazolone nucleus, in the 
presence of base. TLC (thin layer chromatography) was used 
to observe the progress of reaction and finally 60% yield of 
compound 2 was obtained. Further, coupling with hydroxy 
or methoxy substituted arylpiperazinyl moiety resulted in 
the formation of the corresponding analogues 3(a-f). The 
coupling reaction with methoxy substituted arylpiperazine 
moiety required the presence of base, however the reaction 
with hydroxyl substituted arylpiperazines occurred without 
base. Next step involved the methylation, in which for meth-
oxy analogues there was only one site for substitution so 
reaction proceeded to give compounds 4(d-f) with 71–91% 
yield. For hydroxy derivatives, there are two possible sites 
for methylation, one is the hydroxyl group and another one 
is at the N-atom of piperazinyl moiety but in the absence 
of base methylation at hydroxyl group is not possible, so 

L1 L2 L3

L4 L5 L6

Fig. 1  Butyl-benzoxazolone substituted piperazinium derivatives as ligands for 5-HT7 receptors
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methylation at N-atom occurred resulting in the formation 
of compounds with 4(a-c) 82–94% yield.

Synthesis of Compound 2

To a constantly stirring solution of 1(7.4 mmol) in acetone, 
1.2 eq. of  K2CO3 was added, followed by the addition of 
1,4-dibromobutane (8.88  mmol) after a 5  min interval, 
refluxed for 4 h, and cooled down gradually to the tempera-
ture of the surroundings. Furthermore, acetone was removed 
by using a rotatory evaporator, and the rest of the solution was 
extracted using DCM-water. The DCM layer was collected 
separately, washed with brine solution, and then any moisture 
present in it was removed by adding a drying agent, sodium 
sulfate. After the removal of moisture, the collected DCM 
layer was evaporated to obtain the concentrated residue.Then 
the purified compound was obtained from the concentrated 
residue after its purification (column chromatography) using 
a silica gel of 60–120 mesh. The solvent system used for 
purification was a mixture of 30% ethyl acetate and hexane.

Synthesis of Compound 3a‑c

The compound2 was dissolved in anhydrous acetonitrile 
with constant stirring. To the stirred reaction mixture, the 
o/m/p-hydroxy phenylpiperazines (1.782 mmol) were added 
singly,refluxed for 36 h, and brought back to the normal sur-
rounding temperature. The resulting solution was extracted 
with ethylacetate-water system. Any moisture present in the 
extracted solvent was removed by using anhydrous mag-
nesium sulphate. After drying, the solvent was allowed to 
concentrate at lower pressure using rotavapor. After con-
centration the impure residue was purified by the same pro-
cedure as that of compound 2, but the solvent system used 
was methanol in chloroform. The purified compounds were 
characterized by 1H-NMR spectroscopy [8].

Synthesis of Compounds 3d‑f

The synthetic procedure for compounds 3d-f followed 
the same procedure as that of 3a-c, except that the o/m/p-
hydroxy phenylpiperazine (1.782 mmol) was substituted 

Scheme 1  Synthetic scheme 
of N-methyl salts of (arylpip-
erazinyl-butyl)benzoxazolone 
derivatives (L1-L6)

3a ‘o’-OH 3d ‘o’-OCH3 4a(L1) ‘o’-OH 4d(L2) ‘o’-OCH3

3b ‘m’-OH 3e ‘m’-OCH3 4b(L3) ‘m’-OH 4e(L4) ‘m’-OCH3

3c ‘p’-OH 3f ‘p’-OCH3 4c(L5) ‘p’-OH 4f(L6) ‘p’-OCH3
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by the o/m/p-methoxy phenylpiperazine (1.782 mmol) 
and 1.2 eq. of  K2CO3 was added and the reflux time was 
reduced for 5 h.

Synthesis of Compound (4a‑c)

The compounds 3a-c (0.782 mmol) were dissolved in anhy-
drous acetonitrile, followed by the addition of methyl iodide 
with continual stirring for about 48 h. The protocol for puri-
fication and characterization (Shown in supplementary file, 
Fig. S1-S6), of the obtained residues were same as that dis-
cussed above.

1H-NMR (DMSO-d6, 500 MHz) (4a)—δ 1.78 (4H, m), 
δ 3.11(3H, s), δ 3.2(2H, m), δ 3.3(2H, m), δ3.53(7H, m), δ 
3.9( 2H, t), δ6.79(2H, m), δ 6.89 (1H, t), δ 6.97 (1H,d), δ 
7.15 (1H, t), δ 7.2 (1H, t), δ 7.3 (2H, t), δ 9.3 (1H, s).

IR (thin film) (4a) νmax: 3479, 2943, 2824, 1753, 1514, 
1485, 1372, 1239 and 752 cm.−1

13C NMR (DMSO-d6, 100.6  MHz): δ153.91, 149.98, 
142.05, 137.68, 130.94, 123.93, 123.85, 122.33, 119.35, 119.21, 
115.74, 109.75, 109.26, 59.59, 43.31, 41.05, 24.25 and 18.27.

1H-NMR (DMSO-d6, 500 MHz) (4b)- δ 1.2 (2H, m), δ 
1.77 (4H, m), δ 3.09 ( 3H, s), δ 3.50 (8H, m), δ 3.87 ( 2H, t), 
δ 6.3 (1H, d), δ 6.4 (1H, m), δ 6.44(1H, d), δ 7.03(1H, t), δ 
7.14(1H, t), δ 7.23(1H, t), δ 7.4 (2H,d).

IR (KBr) νmax: 3440, 2925,2825, 1778,1663, 1498, 1239, 
1023 and 750 cm.−1

13C NMR (DMSO-d6, 100.6 MHz): δ158.10, 153.90, 
150.75, 142.03, 130.93, 129.73, 123.94, 122.32, 109.67, 
109.27, 107.19, 106.72, 102.78, 61.87, 58.86, 46.18, 41.81, 
41.06, 24.23 and 18.31.

1H-NMR (DMSO-d6, 500 MHz) (4c)- δ 1.9 (4H, m), δ 
3.2 (3H, s), δ 3.45(2H, m), δ 3.7 (8H, m), δ 4.06 (2H, t), δ 
6.8 (2H, t), δ 7.04 (2H, d), δ 7.33 (1H, m), δ 7.4 (1H, m), δ 
7.5 (2H, d), δ 9.2 (1H, s).

IR (thin film) νmax: 3132, 2931, 1682, 1591, 1468, 1330, 
1126 and 769 cm.−1

13C NMR (DMSO-d6, 100.6  MHz): δ153.91, 151.71, 
142.25, 142.03, 130.98, 123.93, 122.31, 118.18, 115.53, 109.75, 
109.25, 61.99, 59.22, 46.34, 43.48, 41.13, 24.17 and 18.28.

Synthesis of Compound 4d‑f

To the stirred solution of compounds 3d-f(0.782 mmol) in 
acetonitrile, 5 eq. of methyl iodide was added at 0 ̊C and 
continued to stirring for 12 h at normal room temperature. 
The procedure for purification and characterization (Shown 
in supplementary file, Fig. S4-S6), of the obtained residues 
were same as that discussed above.

1H-NMR (DMSO-d6, 500 MHz) (4d)- (-δ 1.78 (5H, m), 
δ 3.11(3H, s), δ 3.28 (2H, m), δ 3.5 (7H, m), δ 3.8 (3H, s), 
δ 3.89(2H, t), δ 6.92 (2H, d), δ 6.99 (2H, d), δ 7.03 ( 1H, t), 
δ 7.15 (1H, t), δ 7.2 (1H, t), δ 7.3 (2H, m).

IR (thin film) νmax: 3299, 2922, 2817, 1780, 1661, 1498, 
1240, 939 and 749 cm.−1

13C NMR (DMSO-d6, 100.6 MHz): δ153.90, 151.72, 
142.16, 142.04, 138.99, 130.94, 123.92, 123.59, 122.31, 
120.74, 118.54, 111.89, 109.75, 109.24, 59.53, 55.38, 43.30, 
41.03, 24.24 and 18.25.

1H-NMR (DMSO-d6, 500 MHz) (4e)- δ 1.76 (4H, m), δ 
3.1 (3H, s), δ 3.5 (10H, m), δ 3.7 (3H, s), δ 3.9 (2H, t), δ 3.9 
(2H, t), δ 7.17 (2H, m), δ 7.2 (1H, t), δ 7.4 (2H, t).

IR (thin film) νmax: 3212, 2933, 1774, 1598, 1489, 1202, 
968 and 756 cm.−1

13C NMR (DMSO-d6, 100.6 MHz): δ160.24, 153.89, 
150.70, 142.03, 130.93, 129.85, 123.92, 122.31, 109.73, 
109.25, 108.17, 105.12, 101.93, 61.78, 58.85, 55.04, 46.19, 
41.74, 41.04, 24.24 and 18.28.

1H-NMR (DMSO-d6, 500 MHz) (4f)- δ 1.76 ( 4H, m), δ 
3.1 (3H, s), δ 3.34 (2H, m), δ 3.50 (8H, m), δ 3.7 (3H, s), δ 
3.9 (2H, t), δ 6.87 (2H, d), δ 6.97 (2H, d), δ 7.15 ( 1H, t), δ 
7.2 (1H, t), δ 7.36 (2H, d).

IR (thin film) νmax: 3254, 2938, 2697, 1688, 1513, 1258, 
836 and 752 cm.−1

13C NMR (DMSO-d6, 100.6 MHz): δ153.89, 153.58, 
143.49, 142.04, 130.93, 123.92, 122.31, 117.69, 114.33, 
109.74, 109.25, 61.92, 59.10, 55.24, 46.21, 43.02, 41.04, 
24.25 and 18.28.

Absorbance Spectroscopy Measurements

The UV–visible spectra were recorded on a uv spectropho-
tomer (Specord 250 plus, Analytikjena, Germany). The spec-
tra were scanned at 298.15 K, over a wavelength range of 
200–450 nm. The reference of the experiment was set using 
the PBS buffer solution. The spectral measurement was taken 
by using a constant concentration of BSA (15 μM) against 
varying concentration of compounds L1-L6 (0-98 μM).
Absorbance of each compounds were taken in triplicate [14].

Fluorescence Spectroscopic Study

Fluorescence spectra was taken on a FL6500 (Perkin Elmer) 
spectrophotometer with 1  cm optical path rectangular 
quartz cuvette. BSA fluorescence was monitored by chang-
ing the concentration of L1-L6 (0 to 114 µM) at a constant 
BSA concentration (15 μM). To conduct the experiments 
freshly prepared solutions were used. For eachexperi-
ment, BSA was excited at a wavelength of 295 nm with slit 
width 2.5 nm, and the emission spectrum was measured 
between 305–450 nm [15]. The peak for emission spectrum 
was obtained at 340 nm. The fluorescence intensities of 
the respective L1-L6 compoundsin buffer solutions were 
recorded to eliminate the fluorescent background [16, 17]. 
The following equation was used to adjust all fluorescence 
data for the inner filter effect:
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Here,  Iobs and  Icorrrepresent the observed and corrected 
fluorescence respectively.  Ab1 represents the absorption flu-
orescent intensity at emission wavelength and  Ab2 represents 
the absorption fluorescent intensity at excitation wavelength.

After subtracting the L1-L6 spectra from the BSA fluo-
rescence spectra, quantitative analyses of the spectra were 
carried out. The Stern-volmer (S-V) plot was used to exam-
ine the spectral data obtained fluorescence quenching study:

The intensities of fluorescence of BSA, with and with-
out synthesized derivatives were represented by F and 
 Fₒrespectively. The synthesized derivatives act as quencher 
in this process.  Ksv represents the constant known as 
Stern–Volmer constant, τ◦ and  Kqdenotes average life-time 
of protein alone (≈10–9 s) and rate constant of protein in the 
presence of quencher, and [Q] represents the concentration 
of synthesized derivatives (quencher).

Synchronous Fluorescence Spectroscopy

Synchronous spectra of protein (BSA) were recorded with 
band widths of 2.5 nm for varying concentrations of L1-L6 (0 
to 114 μM). In this experiment, the spectra were scanned at a 
constant wavelength interval of Δλ = 15nm, which provides 
information about the surroundings of TYR residues, and 
Δλ = 60nm, which provides information about the proxim-
ity of TRP residues [18, 19]. The spectroscopic behavior of 
tyrosine and tryptophan residues of BSA alone was illustrated 
by the spectrum [20].

Esterase‑Like Assay

p-Nitrophenylacetate (p-NPA) has been employed as a 
substrate to assess the esterase-like activity of BSA in the 
presence of synthesized derivatives. The absorption of the 
p-nitrophenol (the reaction product) at 405 nm was meas-
ured using a UV-Vis spectrophotometer (Analytik Jena 
specord-250 plus). The reaction mixture, maintained at 37°C 
and pH 7.4, included 15 µM BSA, p-NPA at concentrations 
of 50, 75, and 100 µM, and synthesized derivatives at 17, 51, 
and 114 µM. The molar extinction coefficient (ε) of p-NPA 
was considered to be 17,700  M-1  cm-1 [21]. Initial reaction 
velocities  (V0) were determined from the slope of the graph 
between 0 and 2 minutes. Kinetic parameters were calcu-
lated using the Michaelis-Menten equation.

Fcorr = Fobs × 10(Ab1+Ab2)

Fo∕F = 1 + Kqτo[Q] = 1 + Ksv[Q]

Kq = Ksv∕�o

Vo =
Vm[S]

Km + [S]

where, the symbols used have their usual meaning as 
reported in our previous work [14]. The value of  Vm 
obtained from the above equation was used to calculate the 
 Kcat by using the formula:

where, [P] = total concentration of BSA.

CD Spectroscopy

The CD spectrometer (Jasco J-815) was used for scanning 
the spectra of BSA alone and in the presence of compounds 
L1-L6. Using milliQ as a solvent, 10X phosphate buffer 
saline was diluted to 1X with a pH of 7.4. The CD measure-
ment was taken with the successive addition of L1-L6(17, 
66, 114μM) to a 15 μM BSA solution. The spectra were 
scanned over a wavelength ranging from 190 to 340 nm in 
a cuvette with a 300 μL capacity under continuous nitrogen 
supply. The scanning speed was set at 100nm/min. The value 
of mean residual ellipticity at 208 nm  (MRE208) obtained 
from the equation 1 were used to determine the helical con-
tent of bound and free proteins [22, 23].

where Ɵ˳ represents observed CD (in milli deg units), the 
protein concentration was represented by the notion  Cp, n is 
the number of amino acids in BSA, and the path length was 
represented by l in units of cm.

The α-helical content of protein was determined by using 
the formula:

where, 33000 and 4000 represents the MRE values of purely 
α-helical content of protein and β form with random cross 
at 208 nm [24, 25].

Molecular Docking

The glide module of Schrödinger maestro version 11.2 
was used for docking studies. The BSA’s X-ray crystal-
lized structure (PDB id- 4F5S) was imported from the 
database (http:// www. rcsb. org/). The chemdraw software 
was used to draw the ligand structure. Before proceed-
ing for docking analysis, the structure of both protein 
(imported from PDB database) and ligand were sub-
jected to the energy minimization. For protein prepara-
tion, firstly the protein structure was optimized using the 
prepwiz module then it was preprocessed after assigning 

Kcat =
Vm

[P]

(MRE)208 =

[

�◦

Cpnl × 10

]

� − helix(%) =

[

−{(MRE)208 + 4000}

33000 − 4000

]

× 100

http://www.rcsb.org/
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bond order and adding H-atoms. Finally, the entire pro-
tein structure was reduced to the lowest feasible energy 
state using the OPLS3 force field. The Schrodinger lig-
prep application was used to convert the 2D ligand struc-
ture into 3D. The docking study was performed thrice for 
each ligand and the observed RMSD value was found to 
be 0.3.Finally docking studies were conducted using the 
optimized low energy ligand conformations. The values 
of Glide scoring function was obtained by the equation:

Result and Discussion

For protein-ligand interaction studies, absorption as well 
as emission (fluorescence) spectroscopic techniques play 
a very important role. Absorption spectroscopy reveals 
the information about the groups present within the skel-
eton of molecules. It also explores the structural change 
as well as complex-formation during the interaction pro-
cess. Similarly, spectrofluorimetry is useful in calculat-
ing the thermodynamics and equilibrium binding constant 
between the protein and the interacting drug molecule and 
also facilitates the calculation of the number of equivalent 

Gscore = 0.05 × vdW + 0.15 × Coul

+ Lipo + H bond + Reward + RorB

+ Site + Hydrophobicity

sets of binding sites present on the protein for drug binding. 
Through modified Stern-Volmer plots that were correlated 
with molecular docking and thermodynamic analysis, it also 
reveals details about the kinds of interaction forces involved 
in the interaction process.

Absorbance Spectroscopy Measurements

The spectral changes that the protein underwent as a result 
of the continuously increasing concentration of synthesized 
derivatives to the 15 μM BSA are depicted in Fig. 2. The 
maximum peaks for BSA alone, appears at 280 nm, which 
is due to the π-π* transition in the TRP and TYR residues 
[26, 27]. The absorption maxima of BSA enhanced in the 
presence of L1-L6 without any shift in peak position. The 
maximum increase in O.D. was observed for L1 i.e. between 
0.7AU-1.4AU (53%), followed by L2 (0.5-0.9, 47%), L3 
(0.6-0.97, 38%), L4 (0.5-0.84, 35%), L6 (0.6-0.9, 26%) and 
L5 (0.6-0.74, 21%). The increase in optical density demon-
strated that compounds L1–L6, though to varying degrees, 
interacted with BSA. L1 displayed the highest level of inter-
action, while L5 displayed the lowest level. Furthermore, the 
addition of compounds L1-L6 increased the optical density 
of BSA, is confirmed by the inset figures of Fig. 2. This 
deduced that compounds L1–L6 interacted with BSA and 
changed the local polarity near the TRP and TYR residues. 
Fluorescence spectral analysis supported the observations 
from absorption spectroscopy.

Fig. 2  Absorption spectra of BSA (15 μM) with BBOP derivatives [L1(A), L2(B), L3(C), L4(D), L5(E) and L6(F)] (at varied concentration 0 to 
114 μM, pH = 7.4)
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Fluorescence Measurements

The three aromatic fluorophores which impart intrinsic 
fluorescence to BSA are W (TRP), Y (TYR), and P (PRO). 
However, W alone can be seen in the fluorescence spectrum 
for the majority of proteins [28, 29]. This is because P has a 
low quantum yield, while Y undergoes complete quenching 
if it is found next to a carbonyl group [30]. Excitation for W 
occurs at 295 nm, while emission for it is typically positioned 
around 340 nm [31]. This demonstrated that the interaction 
of BSA with synthetic derivatives involves W, not Y residue. 
The fluorescent intensity of BSA decreased gradually without 
any shift, except for L2 in which slight blue shift was observed 
by increasing the concentration of compounds L1-L6 (Fig. 3). 
The maximum decrease (quenching) was observed for L1 
(38%), followed by L3 (33%), L2 (18%), L6 (17%), L5 (15%) 
and negligible quenching was observed in the case of L4 (2%). 
The quenching in fluorescent intensity suggests that the native 
structure of protein (BSA) disrupts and compounds L1-L5 
may bind to the binding cavity of BSA molecule.

Finally, the study demonstrates that interactions with 
synthetic derivatives L1-L6 have a significant effect on 
BSA's intrinsic fluorescence, which is primarily caused 
by the TRP residue. The observed quenching in fluores-
cence intensity, particularly with L1, L3, and L2, suggests 
that these compounds disrupt BSA's native structure and 

likely bind to its binding cavity. Except for a slight blue 
shift with L2, there is no fluorescence shift, indicating 
that non-fluorescent complexes between the BSA and the 
derivatives have formed. These findings help us better 
understand the binding interactions between BSA and 
various synthetic compounds, emphasizing the impor-
tance of TRP in fluorescence-based protein interaction 
studies.

Binding Mechanism Analysis

The fluoroscence quenching for BSA was evaluated using the 
changes in emission maxima that occurred during interactions 
with L1-L6. Quenchers and fluorescent probes interacted in 
one of two ways: statically or dynamically. While the dynamic 
mechanism of quenching involves the approach of the fluo-
rophore to the quencher in its excited state, the static type 
of mechanism involves the complex formation of drug with 
protein in the ground state [32]. The mechanism of quenching 
can be deduced by fitting the values of fluorescence emission 
spectra into the stern–volmer equation:

where, the symbols used have their usual meaning as 
described in Section "Fluorescence Spectroscopic Study".

Fo

F
= 1 + Kq�◦[Q] = 1 + Ksv[Q]

Fig. 3  Emission spectra of BSA [15 μM] with BBOP derivatives [L1(A), L2(B), L3(C), L4(D), L5(E) and L6(F)] (at varied concentration 0 μM 
to 114 μM)
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There are basically two criteria for determining whether 
the mechanism of quenching followed by the system is 
dynamic or static in nature. First one is the relationship 
between temperature and stern–volmer constant  (Ksv). If 
the value of  Ksv varies directly with temperature, then the 
mechanism of quenching followed by the system is dynamic 
in nature, however the decreased value of  Ksv with rise in 

temperature is indicative of static quenching [28]. Second 
one is based on the value of bimolecular collisional constant 
 (Kq). The value of  Kq is determined by the frequency of 
collisions between BSA (the fluorophore) and the quencher 
(L1-L6); the rate of diffusion, concentration, and size of the 
fluorophore and quencher all affect the frequency of colli-
sions. It is evident that:
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Fig. 4  Stern–Volmer plot of Fₒ/F vs [Q] ([Q] = [L1], [L2], [L3], [L4], [L5] and [L6]) (at 298.15 K, 303.15 K, 308.15 K)

Table 1  Calculation of binding 
parameters by stern–volmer 
equation

S.No Ligand Temp.(K) Ksv(102)M−1 Kq(1011)  M−1  s−1 K  (M−1) n

1 L1 298.15 14.82 14.82 2.4 ×  104 1.02
2 303.15 7.20 7.20 1.7 ×  103 0.99
3 308.15 6.56 6.56 6.5 ×  102 0.99
4 L2 298.15 14.82 14.82 1.7 ×  103 1.064
5 303.15 7.65 7.65 1.0 ×  103 1.02
6 308.15 6.34 6.34 7.6 ×  102 0.99
7 L3 298.15 18.05 18.05 5.7 ×  102 0.88
8 303.15 11.57 11.57 3.0 ×  102 0.86
9 308.15 8.31 8.31 2.4 ×  102 0.82
10 L4 298.15 12.90 12.90 2.8 ×  102 0.85
11 303.15 10.28 10.28 1.9 ×  102 0.81
12 308.15 4.33 4.33 8.7 ×  101 0.77
13 L5 298.15 15.50 15.50 1.4 ×  104 1.4
14 303.15 7.75 7.75 1.9 ×  103 1.11
15 308.15 6.06 6.06 1.3 ×  102 0.71
16 L6 298.15 9.81 9.81 7.4 ×  104 1.6
17 303.15 8.65 8.65 7.2 ×  104 1.5
18 308.15 6.97 6.97 1.2 ×  103 0.78
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‘D’ denotes the overall diffusion coefficients of quencher 
and fluorophore,  NA is the Avogadro’s number, ‘a’ denotes the 
sum of molecular radii. The maximum value of  Kq for diffusion 
controlled process is  1010  M−1  s−1 [28, 33]. The higher value of 
 Kq suggests that long–ranged interaction exists between L1-L6 
and BSA and follows the static mechanism of quenching. The 
lower value of  Kq suggests dynamic quenching.

The calculated value of  Ksv and  Kq (Fig. 4, Table 1), were 
found to be decreased with temperature of the system. For L1, on 
increasing the temperature by 10̊ C, the  Ksv value was decreased 
by 8.26  M−1. Similarly, for rest of the five compounds such as 
L2, L3, L4, L5, and L6, the decrease in  Ksv value was observed to 
be 8.48, 9.74, 8.57, 9.44 and 2.84  M−1 respectively. The change 
in  Ksv value indicates the sensitivity of compound towards BSA. 
So, L3 is the most sensitive compound with maximum change in 
 Ksv value and L6 with minimum change was observed to be the 
least sensitive compound. The  Kq value obtained for all the six 
compounds was of the order of  1011, which was higher than the 
maximum limit of the diffusion controlled process, thus confirm-
ing the nature of quenching as static.

Analysis of Binding Interactions

The binding parameters such as  Kb and n (Table 1) were 
calculated by using the equation:

Kq = 4�aDNA × 103

Log
(

F◦ − F
)

F
= LogKb + nLog[Q]

where,  Kb represents the binding constant and the number of 
binding sites is represented by n. If the value of  Kb is higher 
than order  105, then it means that the interaction between 
drug / ligands with BSA is strong enough so that they are 
less freely available in plasma for in-vivo studies. On the 
other hand, if the value of  Kb is less than order  103, then the 
interaction is very weak which leads to its poor distribution 
or bioavailability. The study revealed that with rise in tem-
perature the values of n and  Kb decreased which might be 
due to less stable complexation between L1-L6 with BSA. 
The binding constant of L1-L6 varied between  102–104 indi-
cating a mild interaction with BSA which might be leads to 
their poor distribution in the body with low biological half 
life.

The obtained value of n was close to unity, suggested there 
might be single binding site on protein for L1-L6 binding, 
and it also suggested that these derivatives might bind to the 
hydrophobic pocket of BSA and TRP 212 which is found in 
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Fig. 5  The plot between Log(F◦−F)
F

 Vs Log[Q],([Q] = [L1], [L2], [L3], [L4], [L5], [L6]) (at 298.15 K, 303.15 K,308.15 K)

Table 2  Thermodynamic parameters of interaction of BBOP deriva-
tives with BSA

S.No Ligand ΔS  Jmol−1  K−1 ΔH KJ  mol−1 ΔG KJ  mol−1

1 L1 -807 -26.452 -214.155
2 L2 -174.4 -70.321 164.20
3 L3 -185.5 -70.553 152.246
4 L4 -248.3 -87.852 13.821
5 L5 -1100 -35.160 -292.805
6 L6 -1523 -48.457 -405.625
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(a) Synchronous fluorescence spectra of BSA (15μM) with BBOP derivatives [L1(A), L2(B), 
L3(C), L4(D), L5(E) and L6(F)] at Δλ=15 nm 

(A) (B) (C)

(D) (E) (F)

(at varied concentrations 0-114μM)

(A) (B) (C)

(D) (E) (F)

(b) Synchronous fluorescence spectra of BSA (15μM) with BBOP derivatives [L1(A), L2(B), 
L3(C), L4(D), L5(E) and L6(F)] at Δλ=60 nm 

(at varied concentrations 0-114μM)

Fig. 6  a Synchronous fluorescence spectra of BSA (15  μM) with 
BBOP derivatives [L1(A), L2(B), L3(C), L4(D), L5(E) and L6(F)] 
at Δλ = 15  nm (at varied concentrations 0-114  μM). b Synchronous 

fluorescence spectra of BSA (15 μM) with BBOP derivatives [L1(A), 
L2(B), L3(C), L4(D), L5(E) and L6(F)] at Δλ = 60 nm (at varied con-
centrations 0-114 μM)
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the subdomain IIA and responsible for the conformational 
changes in protein structure. The lower value of n at higher 
temperatures implied that the system's entropy and vibrational 
motion increased with temperature, and that it may also have 
a higher value for the coefficient of diffusion, all of which 
contributed to the complex's decreased stability (Fig. 5).

Thermodynamic Parameters

Non-covalent molecular interactions are primarily the driv-
ing forces for interaction between a protein and a drug. 
H-bonding, hydrophobic interactions, the Van der Waals 
force of attraction, and electrostatic interaction are examples 

Fig. 7  Effect of BBOP derivatives (52 μM) [L1-L6] on the reaction rate for hydrolysis of p-NPA [S] by BSA (Michaelis–Menten curve of BSA)

Fig. 8  Lineweaver Burk plot for steady-state kinetics of p-NPA [S] hydrolysis by BSA in the presence and absence of BBOP derivatives (L1, L2, 
L3, L4, L5, L6)
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of non-covalent forces [34]. The thermodynamic variables 
were calculated with the help of Van'tHoff equation [35]:

where, R is a constant known as gaseous constant. The val-
ues of ΔH and ΔS were obtained from the linear plot of 
2.303R Log K vs 1∕T  , following the straight line equation; 
y = mx + c (supplementary fig. S7). After obtaining these 
values the Van't Hoff equation was applied to get the change 
in Gibbs free energy (ΔG).

The magnitude and sign of ΔH and ΔS decides the type 
of interaction. The negative change in both the enthalpy as 

LogK = −
ΔH

2.303RT
+

ΔS

2.303R

ΔG = ΔH − TΔS

well as entropy signifies that among the non-covalent forces, 
the Vander Waals and H-bonding were mainly involved in 
the process of interaction. However, the positive contribu-
tion of enthalpy and entropy change justifies the hydropho-
bic interactions. Electrostatic forces are the most important 
forces when both the conditions are favourable i.e. ΔH is 
negative and ΔS is positive. The –ive value of ΔG denotes 
spontaneous process.

This study deduced that both the enthalpy as well as 
entropy changes were negative, it means the H-bond-
ing along with Van der Waals force of attraction were 
involved in the binding mechanism. The negative value 
of ΔG for L1, L5 & L6, signifies that the process is 
spontaneous and is enthalpically driven. For L2, L3, and 
L4 the sign of ΔG were positive which suggested that 

Table 3  Calculation of kinetic 
parameters by Michaelis–
Menten equation

S.No BSA-Compounds Vmax X  10–3

( µMs−1)
Km (µM) 10–4  Kcat

(s−1)
10–6 ×  Kcat/Km
(µM−1  s−1)

1 BSA (15 μM) 9 45 6.0 13.3
2 BSA (15 μM)

 + L1 (17μΜ)
4 50 2.6 5.2

BSA (15 μM)
 + L1 (51μΜ)

4 50 2.6 5.2

BSA (15 μM)
 + L1 (114μΜ)

4 50 2.6 5.2

3 BSA (15 μM)
 + L2 (17μΜ)

3 70 2.0 2.8

BSA (15 μM)
 + L2 (51μΜ)

2 70 1.3 1.8

BSA (15 μM)
 + L2 (114μΜ)

4 70 2.6 3.7

4 BSA (15 μM)
 + L3 (17μΜ)

30 70 20.0 28.5

BSA (15 μM)
 + L3 (51μΜ)

20 70 13.3 19.0

BSA (15 μM)
 + L3 (114μΜ)

10 50 6.6 13.2

5 BSA (15 μM)
 + L4(17μΜ)

9 70 6.0 8.5

BSA (15 μM)
 + L4(51μΜ)

10 50 6.6 13.2

BSA (15 μM)
 + L4(114μΜ)

50 70 33.3 47.6

6 BSA (15 μM)
 + L5(17μΜ)

50 70 33.3 47.6

BSA (15 μM)
 + L5(51μΜ)

30 50 20 40.0

BSA (15 μM)
 + L5(114μΜ)

30 70 20 40.0

7 BSA (15 μM)
 + L6(17μΜ)

8 70 5.3 7.5

BSA (15 μM)
 + L6(51μΜ)

50 70 33.3 47.6

BSA (15 μM)
 + L6(114μΜ)

30 70 20.0 28.6
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hydrophobic interaction forces were also involved bind-
ing interaction analysis and process is entropically driven 
(TΔS > ΔH) (Table 2).

Synchronous Fluorescence Spectroscopy

The synchronous fluorescence spectra of BBOP derivatives 
are shown in the Fig. 6a and b. As already discussed in 
Section 4.2.5, the synchronous spectra provides the infor-
mation about the environment of TRP and TYR residues, 

so here firstly we have discussed about the changes around 
TYR residues and then around the TRP residues. The red 
shift along with quenching means increase in polarity and 
decrease in hydrophobicity around the TYR and TRP resi-
dues. Blue shift shows the case opposite to that in red shift 
(decrease in polarity and increase in hydrophobicity). How-
ever, when quenching is not accompanied by shift, then 
there might be interaction between protein and drug which 
is not responsible for the conformational changes in protein 
[36, 37].

Ks= Enzyme substrate dissociation constant, Kcat= catalytic constant, Kd= BSA-acetyl dissociation constant

Scheme 2  Hydrolysis of p-NPA in the presence of BSA.  Ks = Enzyme substrate dissociation constant,  Kcat = catalytic constant,  Kd = BSA-acetyl 
dissociation constant

Fig. 9  CD spectra of BSA(15  μM) with BBOP derivatives: L1 (A), L2 (B), L3 (C), L4 (D) L5 (E) and L6 (F) (at varied concentration 
17-114 μM)
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Now, for TYR residues (Fig. 6a), the presence of L1 
and L2 showed the red-shift in peak position. Compounds 
L3-L5, on the other hand, showed quenching without any 
shift, and L6 showed a blue shift. The extent of quench-
ing shown by L1, L2, L3, L4, L5, and L6 were 26% 33%, 
27%, 11%, 23% and 29%, respectively. These results sug-
gest that the interaction of BSA with L1 and L2 resulted 
in the increased polarity around TYR, which might be due 
to the disruption of the dense hydrophobic binding pocket 
of BSA. We can also say that the interaction with L1 and 
L2 resulted in increased hydrophilicity of the protein. In 
addition, BSA interacted with L3-L5 without undergoing 
any conformational changes. Similarly, L6 created a more 
non-polar environment around TYR residues.

Besides that for TRP residues (Fig. 6b), L1 and L4 
showed red-shift, L2, L3, and L6 showed blue shift and 
L5 showed no shift. The quenching for TRP residues were 
found to be approximately 55%, 12%, 16%, 15%, 58% and 
83% for L1, L2, L3, L4, L5 and L6 respectively.

From the above discussion it can be concluded that, BSA 
interaction with L1 and L2 causes a red shift in TYR resi-
dues, indicating increased polarity and protein hydrophilic-
ity. Compounds L3-L5 cause fluorescence quenching with no 
shift, indicating binding without significant conformational 
changes, whereas L6 causes a blue shift, indicating a more 
nonpolar environment around TYR. For TRP residues, L1 and 
L4 cause a red shift, L2, L3, and L6 cause a blue shift, and L5 
causes no shift. The varying quenching effects, particularly 

Table 4  Secondary structure estimation with circular dichroism spec-
tra

S.No Sample �-Helix 
(%)

�-Sheet 
(%)

Turns (%) Random 
(%)

1 BSA(1 
5�M)

16.8 36.9 18.8 27.5

2 BSA(1 
5�M)

 + 
L1(17�M)

18.2 31.6 21.1 29.1

3 BSA (15 
�M)

 + 
L1(66�M)

18.1 27.4 22.3 32.3

4 BSA(15 
�M)

 + 
L1(114�M)

18.5 28.5 19.5 33.5

5 BSA (15 
�M)

 + 
L2(17�M)

19.2 24.1 23.8 32.9

6 BSA (15 
�M)

 + 
L2(66�M)

18.3 25.5 23.0 33.3

7 BSA (15 
�M)

 + 
L2(114�M)

21.8 17.7 26.7 33.8

8 BSA (15 
�M)

 + 
L3(17�M)

20.1 26.0 22.7 31.2

9 BSA (15 
�M)

 + 
L3(66�M)

19.4 30.0 19.4 31.2

10 BSA (15 
�M)

 + 
L3(114�M)

21.3 20.1 24.8 33.8

11 BSA (15 
�M)

 + 
L4(17�M)

19.7 25.0 21.5 33.7

12 BSA (15 
�M)

 + 
L4(66�M)

20.5 22.7 24.3 32.5

13 BSA (15 
�M)

 + 
L4(114�M)

21.4 20.3 26.2 32.1

14 BSA (15 
�M)

 + 
L5(17�M)

22.2 18.5 23.4 35.8

Table 4  (continued)

S.No Sample �-Helix 
(%)

�-Sheet 
(%)

Turns (%) Random 
(%)

15 BSA (15 
�M)

 + 
L5(66�M)

21.8 24.1 20.3 33.8

16 BSA (15 
�M)

 + 
L5(114�M)

20.7 22.9 25.0 31.4

17 BSA (15 
�M)

 + 
L6(17�M)

19.7 27.6 21.1 31.6

18 BSA (15 
�M)

 + 
L6(66�M)

19.6 31.1 20.1 29.2

19 BSA (15 
�M)

 + 
L6(114�M)

15.4 33.2 17.0 34.3
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with L1 and L6, highlight distinct interaction dynamics and 
have a significant impact on BSA's native structure.

Esterase‑Like Assay

Compounds (L1-L6) were evaluated to assess their effects 
on the esterase-like activity of BSA. The residues LYS 414, 
LYS 413, and TYR 411, located in site II (subdomain IIIA) of 
BSA, are responsible for its catalytic activity with p-NPA as 
the substrate. It is suggested that interactions with synthesized 
derivatives can alter the local environment around the active 
center, potentially changing the esterase-like activity of albu-
min. This activity decreases when ligands bind to the protein 
in a way that makes the catalytic residues (TYR 411, ARG 
410, LYS 413, and LYS 414) less accessible to the substrate. 
Conversely, the activity increases when ligand binding makes 

these residues more accessible. These changes were observed 
through spectral analysis and the data were analyzed using the 
Michaelis–Menten curve (Fig. 7) and a Lineweaver–Burk plot 
(Fig. 8), which linearizes the data for increased accuracy. The 
resulting values are presented in Table 3 [38, 39]. The pres-
ence of compound L1 reduced the catalytic efficiency of BSA, 
but this effect did not vary with increasing concentrations of 
L1. Similarly, compound L2 caused a decrease in catalytic 
activity at all tested concentrations (17, 51, 114 μM). In this 
case, the Km value remained constant at 70 μM, while varia-
tions in Vmax were observed, suggesting that compound L2 
might inhibit BSA activity non-competitively. Compounds L3 
and L5 increased the catalytic activity of BSA at concentra-
tions of 17, 51, and 114 μM, with the maximum increase 
observed at 17 μM. However, further increases in concen-
tration to 51 μM and 114 μM led to a gradual reduction in 

Fig. 10  2D interaction visuali-
zation of six BBOP derivatives 
with BSA at Sudlow site I and 
II

Ligand Sudlow Site 1 Sudlow Site 2

L1

L2

L3
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catalytic efficiency. Compound L4 slightly reduced catalytic 
activity at lower concentrations, but showed a significant 
increase (39.1 μM−1  s−1) at 114 μM. Similarly, compound L6 
showed the highest increase in hydrolysis activity at 51 μM, 
with reduced activity at both higher and lower concentrations. 
In conclusion, the concentration of these compounds plays a 
significant role in determining their function in esterase-like 
activity, acting as either inhibitors or activators depending on 
the concentration (Scheme 2).

CD Spectroscopy

This technique is used for determining protein secondary struc-
ture [40]. CD was used to measure the alterations in arrange-
ment of the BSA polypeptides in the presence of ligands, and 
the outcomes at varying concentrations of L1-L6 are shown in 
Fig. 9. On binding of L1-L6, the various inter and intra molecu-
lar forces involved in secondary and tertiary structure of proteins 
get disrupted. The circular dichroism spectra of BSA showed 

two peaks, one at 208 nm due to π-π*transition and another at 
222 nm due to n-π* transition. These two negative absorption 
peaks represent the α-helical pattern of BSA [41]. Secondary 
structure constituents of globular proteins (BSA) include the 
α-helix, turns, β-sheet and random coil. On addition of L1-L6, 
the α-helical content of BSA increased except for L6 at a con-
centration of 114 μM where it dropped to 15.4%. The increase 
in α-helical is indicative of increased ellipticity at peak posi-
tion. When concentration of L1-L6 increased from 17 μM to 
66 μM, then α-helical content decreased for all the derivatives 
and hence the ellipticity, except for L4 where increase in elliptic-
ity occurred. On further increasing the concentration of L1-L6, 
from 66 μM to 114 μM the β-sheet content of BSA increased 
(except for L5 and L6), which signifies that L1-L6 binds effec-
tively with BSA. It is also noticeable, that L1-L6 induces con-
formational changes in secondary structure of BSA. It might 
be possible that L1-L6 binds with the hydrophobic pocket of 
BSA and distort the hellicity of BSA. The maximum change 
was observed in L5 and L1 showed a minimal change (Table 4).

L4

L5

L6

Fig. 10  (continued)
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A molecular docking is an essential component of chemin-
formatics, which assists the visualization of orientation of 
the ligands in drug binding site [42]. The role of important 
amino acid residues in the binding of BBOP at the different 
places of BSA is shown in Fig. 10. For Sudlow site I, the 
common amino acid residues PRO 338, TYR 340, PRO 446, 
CYS 447 in L1, L4, L5, L6 and residues TYR 149, TYR 156, 
TRP 213, LEU 218, LEU 237, ILE 289, ALA 290 L2, L3 in 
L2 and L3 were involved in hydrophobic interactions. The 
common residues involved in these ligands indicate that it 
might be possible that the orientation of L1, L4, L5, L6 and 
L2&L3 were nearly same in hydrophobic pocket of BSA. 
Also, ARG 194, GLU 293, LYS 294, GLU 443, ASP 450 
in L1, L4, L5, L6 and ARG 194, ARG 217, HIP 287, GLU 
291 in L2 & L3 were involved in ionic interactions. In addi-
tion to hydrophobic and ionic interactions, the residues ASP 
450, ARG 217, GLU 291, VAL 342, TRP 213 were involve 
also stabilizing the complex through H-bond formation. At 
Sudlow Site II, the common residues involved in hydropho-
bic interactions were LEU 112, PRO 113, LEU 115, LEU 
122, PHE 133, TYR 137, TYR 160 and in ionic interactions 
were GLU 125, LYS 136, and in H-bonding were GLU 140, 
LYS 114, GLU 140, LYS 116, PHE 36.. The values of glide 
score obtained at site I were (-3.845)-(-5.906) KJ/mol and 
site II were (-4.196)-(-5.412) KJ/mol respectively, as shown 
in Tables 5 and 6. This suggested that L2 at site I and L3 at 
site II showed maximum interaction. The above discussion 
revealed the fact that hydrophobic interactions along with 
ionic and H-bonding were the main forces involved in bind-
ing interaction analysis. These results were consistent with 
the experimental results which already showed involvement 
of non-covalent forces in binding process [43, 44].

Conclusion

We have synthesized a total of six Butyl-benzoxazolone sub-
stituted piperazinium (BBOP) derivatives on the basis of 
hypothesized pharmacophore model targeting 5-HT7 recep-
tors. To explore the possible potential to work as drug in 
future, we performed their pharmacokinetic study via inter-
action with carrier protein BSA to see its bioavailability. The 
photophysical data revealed that hydrophobic forces were 
the major driving force in the interaction process between 
the BSA and synthesized compounds. These results were 
confirmed by the thermodynamic and in-silicostudies. Cir-
cular dichroism experiments were conducted to show the 
secondary structural changes in BSA on interaction with 
synthesized compounds. These results will be helpful in 
understanding the pharmacokinetics of BBOP derivatives 
before going to clinical studies.
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