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B-Cyclodextrin plays a vital role in biological application because it can enhance the stability and solubility of the
guest molecules in the supramolecular inclusion complexes. Moreover, the p-Cyclodextrin inclusion complex has
control-releasing behavior and lower toxicity than bare guest molecules. To improve the solubility and stability
properties of two structurally different fluorescent guest molecules, namely 2,2'-dihydroxy biphenyl and 3,3-
dihydroxy biphenyls, they involve the f-Cyclodextrin inclusion complex process. Optical measurements clearly
described the efficient binding through the changes in the absorbance and emission intensities of guest molecules
in the presence of p-Cyclodextrin. The Job’s plot from absorbance measurements reveals the 1:1 stochiometric
ratio of binding of guests and the p-Cyclodextrin host. The FT-IR spectra of the solid complex show the char-
acteristic stretching and bending vibrations from both the guests and the host molecule. The 'NMR spectra of
the inclusion complex promote downfield shifting of guest molecule protons upon binding with the B-Cyclo-
dextrin host. The solid complex prepared using the solution method exhibits superior antibacterial activity
against both gram-positive and gram-negative bacteria compared to the kneading and physical mixing methods.

as a-cyclodextrin (n = 6), f-cyclodextrin (n = 7) and y-cyclodextrin (n =
8) [13-15]. Which provides a hydrophobic inner and hydrophilic outer

1. Introduction

Macrocycle-based supramolecular complex proposed numerous su-
pramolecular building blocks through inter- and intramolecular non-
covalent interactions (hydrogen bonding, hydrophobic interactions,
electrostatic, and n-n interactions) with widespread applications in the
branches of chemical, material, pharmaceutical, and biological sciences
[1-4]. Macrocyclic supramolecular compounds such as Crown ethers,
Cyclodextrins, Calix [n]arenes, Pillar [n]arenes, and Cucurbit [n]urils
offer confined and rigid or flexible cavities to accommodate biologically
or industrially important smaller-size molecules [5-8]. The upper and
lower rim functionalized macrocycles create greater influence towards
the selective recognition and sensitive detection of lots of drugs, pesti-
cides, heavy metal ions, and dye molecules [9-12].

Cyclodextrins (CDs) are bucket-shaped cyclic oligosaccharides
composed of glucopyranose units with different cavity sizes categorized
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cavity that acts as a carrier or host to attract polar and non-polar guest
molecules to form a stable host-guest complex [11,16-18]. CDs are
claimed to be a safer host molecule to encapsulate pharmaceutical
molecules and raise the guest properties such as rate of dissolution,
greater stability, suppressed bad odour and volatility, prevent oxidation
and light-induced side reactions [19,20]. Inclusion complexation of
seven-membered p-cyclodextrin host with a variety of biologically
important guest molecules such as vitamins, [21], antibiotics [22-24],
painkillers [25], essential oils [26] and phenolic compounds [27,28] has
been contributed gratefully to the medical and food industry. Tang et.
al., (2015) described the enhancement in the solubility and dissolution
of poorly soluble chlorzoxazone drug through f-cyclodextrin inclusion
[29]. Chatzidaki et.al., (2020) evaluated the pharmacophore structures
and antioxidant efficiency of two synthetic antioxidants in the presence
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of p-cyclodextrin [30]. Srinivasan et.al., (2014) analysed the photo-
physical properties and guest binding characteristics of some dinitro
derivatives of phenol, aniline, and benzoic acid upon incorporation into
the B-cyclodextrin host cavity [31,32]. Mohandoss et.al., (2015), have
established several host-guest systems of p-cyclodextrin with anthra-
quinone derivatives such as 1,2dihydroxyanthraquinones, 1,4dihy-
droxylanthraquinone,1,5dihydroxylanthraquinone as fluorescent guest
molecules with huge biological importance and as chemo sensor [14,
33].

The supramolecular complex contains bioactive quinoxaline-1,4-
dioxide incorporated into a p-cyclodextrin derivative has delivered
outstanding antibacterial activity against multiple bacterial strains [34].
Caffeic acid/cyclodextrins inclusion complex associated with poly (vinyl
alcohol) electrospun nanofibers showed high antibacterial efficacy
against Escherichia coli and Staphylococcus aureus [35]. Hydrox-
ybiphenyls and substituted hydroxybiphenyls are the key intermediates
derived from the microbial metabolism of dibenzofuran, fluorene, and
carbazole, which are applied as antioxidants in foodstuffs and oil addi-
tives [5,36]. Our previous work also deals with the structural investi-
gation and antibacterial assessment of biphenyl-3,3,4,4'-tetraamine and
4,4'-diaminobiphenyl-3,3'-diol/f-cyclodextrin inclusion complex [37].
Reports on the biological activity of dihydroxybiphenyl derivatives are
limited, and their potential medicinal properties are unexplored. Dihy-
droxybiphenyl has a higher antioxidant property and biologically active
nature due to the hydroxyl groups presented in their benzene rings. The
hydroxyl groups can improve the generation of reactive oxygen species
(ROS) that induce oxidative stress and cellular damage (DNA, proteins,
and lipids). The damage can promote cell death. Moreover, the hydroxyl
groups easily interact with the cell membrane by the hydrogen bonds
and destroy the cells. Therefore, in the present investigation, the in-
clusion complex of 2,2"-dihydroxybiphenyl and 3,3'-dihydroxybiphenyl
with p-cyclodextrin has been prepared, and its structural interactions
were examined successfully in solution and as a solid complex. The
intermolecular hydrogen bonding interactions could be the major in-
duction for the host-guest binding between the guest and the host
molecule. The antibacterial activity has been carried out on
gram-positive and gram-negative bacteria using both the guest mole-
cules and the inclusion complex.

2. Experimental section
2.1. Materials

B-Cyclodextrin was purchased from SD Fine Chemicals, Bengaluru,
India, and used without further purification. 2,2-dihydroxybiphenyl
and 3,3-dihydroxybiphenyl were obtained from Sigma-Aldrich Chem-
icals in India. Millipore water was used for the preparation of all stock
and the sample solutions.

2.2. Instruments

UV-visible spectral titration measurements are executed using
SCHIMADZU UV-2401 PC. Fluorescence spectral titrations are per-
formed using the JASCO FP-8200 Spectrofluorometer. The FTIR spectra
are measured in the range of 4000-400 cm™! on a Jasco FTIR 4600
spectrometer using a KBr pellets press. Surface morphologies are studied
using the FEI QUANTA 250 scanning electron microscope (SEM). The
NMR spectral titrations are made using Bruker 500 MHz NMR
Spectrometer.

2.3. Binding constant calculation from absorption and emission spectral
titrations

The guest’s 22-DHBP and 33-DHBP concentrations are fixed at 1 x
107 M and the p-CD concentration is varied from 1 x 107> M to 12 x
1073 M and the absorption changes are recorded. The binding constant
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value is calculated from the changes in the absorption maxima of guest
molecules using the Benesi-Hildebrand relation [38].

1/AA = 1/K,Ae[H] + 1/Ae[G) @

Where, AA - The changes in the absorbance of guests upon the
addition of B-CD host. Ae - The difference between the molar extinction
coefficient for the guest alone and B-CD complex. [H] - The total con-
centration of B-CD host. [G] - The total concentration of guests (22-
DHBP and 33-DHBP). The plot of 1/AA vs. 1/ [G] showed a straight line.
The binding constant Kj is calculated from the slope. The ratio of asso-
ciation of host and guest is calculated using Job’s plot. The mixture is
prepared using p-CD host (varied from 1 x 10°* M to 12 x 1074 M) and
guest (varied from 12 x 10*Mto 1 x 10°* M) and the absorption
changes are measured. The Job’s plot is made from a change in ab-
sorption with mole fraction and holds a stoichiometric ratio and the
binding.

The binding constant value is determined from emission measure-
ment using a modified Stern-Volmer equation [7,39].

log[(Fo — — F) / F] = nlog[H]logK., 2

Where Fy is the fluorescence intensity of the guest, F is the fluores-
cence intensity of the guest in the presence of $-CD host, [H] is the
concentration of p-CD, K, is the binding constant, and n is the stoi-
chiometric ratio of guest/host complex.

2.4. Preparation of solid inclusion complex of 22-DHBP and 33-DHBP
with -CD

About 1 g of accurately weighed p-CD was placed into a 100 mL
beaker and 30 mL Millipore water was added and stirred. Then, 0.16 g of
2,2-DHBP or 3,3-DHBP was accurately weighed, transferred into a 50
ml beaker, and separately dissolved using 20 mL ethanol. The ethanolic
solution of 22-DHBP or 33-DHBP solution was slowly poured into the
stirred $-CD solution. Room temperature stirring was continued for 24
hrs. Afterward, the reaction mixture was kept in the refrigerator for 24
hrs. At that time, a white color product was formed. The resultant
product was filtered and washed with Millipore water and ethanol and
dried in an oven at 50 °C for 12 h. The obtained solid complex was used
for further analysis.

2.5. Preparation of solid inclusion complex of 22-DHBP and 33-DHBP
with -CD from the kneading method

The 1:1 ratio of p-CD:22-DHBP or 33-DHBP was weighed and
transferred into a mortar. Then, a small amount of water and ethanol
should be added to the mixture and made into a paste. The mixtures in
the motor should be grained for 1 hour and dried in an air oven at 50 °C
for 12. The mixture should be transferred and stored in an airtight
container.

2.6. Preparation of solid inclusion complex of 22-DHBP and 33-DHBP
with -CD from the physical mixture method

In this method, the 1:1 ratio of p-CD:22-DHBP and 33-DHBP was
weighed and transferred into a mortar. The mixture should be grained
for 3 h, then transferred and stored in an airtight container.

2.7. Antibacterial studies

The antibacterial assay tested both gram-positive and gram-negative
bacterial pathogens. E. coli (EC) and Staphylococcus aureus (SA) were
used to represent the gram- negative and gram-positive bacteria. Three
methods - kneading, solution, and physical - were used to prepare the
complex for the study. The solid samples were dissolved in DMSO sol-
vent in the concentration of 2 mg in 50 ml as stock solution. A few sterile
Petri dishes were taken, and the nutrient agar medium was allowed, and
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Scheme 1. Chemical structures of p-CD, 22-DHBP and 33-DHBP.
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Fig. 1. UV-Visible absorption spectra and Benesi-Hildebrand plot of (a) 22-DHBP and (b) 33-DHBP (4 x 10~* M) with various concentrations of $-CD (1) 0.0 M, (2)
0.002 M, (3) 0.004 M, (4)0.006 M, (5) 0.008 M, (6) 0.010 M and (7) 0.012 M.



K. Paramasivaganesh et al.

Journal of Molecular Structure 1320 (2025) 139701

0.08 a
0.06
a
S
2 0.04-
0.02-
0.00 . . . . :
0.2 0.4 0.6 0.8 1.0 \
Mole fraction
60 - b
50 -
8 40
<
304
204
0.2 0.4 0.6 0.8 1.0
Mole fraction B-CD/33-DHBP complex

Fig. 2. Structure proposed from Jobs plot of -CD inclusion complex with (a) 22-DHBP and (b) 33-DHBP.

solidify. Swipe the microbes (E. coli & Staphylococcus aureus) in the Petri
dishes. This was kept in the incubator for five hours. Lawns of bacteria
were grown all over the surface of the nutrient agar plates. Using a
sterile gel puncher, five wells were made which are equidistant from
each other. Three solid complexes, analyte, and $-CD of the same con-
centration, and same volume were added to the well and put in an
incubator at 37 °C for 24 h. After 24 h the zone inhibition around the
well was measured. All these were carried out in an aseptic condition.

3. Results and discussion

The chemical structures of p-CD, 22-DHBP, and 33-DHBP are given in
Scheme 1. The host-guest binding between the guest and the host
molecule could be assigned via intermolecular hydrogen bonding and
pi-pi stacking interactions.

3.1. Absorption studies

The absorption maxima of 22-DHBP (4 x 1074 mol dm’s) at 276 nm
is due to the n-n* transition of the benzene ring present. The absorption
intensities increase with increasing B-CD concentration as detected
shown in Fig. 1a. Changes in the intensity of absorption maxima 22-
DHBP in the presence of B-CD describe the binding or inclusion
complexation characteristics. The binding constant value gained from
the Benesi-Hildebrand plot (Fig. 1a) is 3.1 x 102 ML, The Job’s plot
shown in Fig. 2a, reveals 0.5 mole fraction proposes a 1:1 association
ratio of 22-DHBP and $-CD.

33-DHBP (2 x 105 mol dm"3) shows absorption maxima of 278 nm is
attributed to the zn-n* transition of the phenyl ring in water. In the
presence of $-CD, there is a slight blue shift appeared from ~278 nm to
~275 nm, which shows a prominent complex formation. It has been
observed that absorption intensities increase with increasing p-CD
concentration as shown in Fig. 1b. This behavior has been attributed to

the enhanced complex formation of the 33-DHBP through the hydro-
phobic interaction with p-CD [40]. These results indicate that the
33-DHBP molecule was entrapped into the $-CD cavity. The 1:1 inclu-
sion complex of the guest and host is confirmed by Job’s plot. In ab-
sorption spectra, the binding constant for the formation 3,3'-DHBP: f-cd
complex has been determined by analyzing the changes in the intensity
of absorption maxima with the p-CD concentration. The
Benesi-Hildebrand plot is shown in Fig. 1b. The binding constant value
obtained from the Benesi-Hildebrand plot is 6.4 x 10> M! using Eqn (1).

3.2. Fluorescence studies

Initially, the 22-DHBP concentration was fixed at 4 x 10~ M and the
B-CD concentration varied from 1 X 103 M to 12 x 1073 M, and the
emission measurements proceeded. The emission maxima observed for
22-DHBP is at 399 nm, where the excitation wavelength is 280 nm.
Fluorescence measurement is a highly sensitive technique than absorp-
tion measurement and also the B-CD does not possess fluorescence
characteristics. This is an accurate method to investigate the binding
interaction of 22-DHBP with p-CD. The emission intensity of 22-DHBP
rises after increasing the concentration of p-CD (Fig. 3a), exhibiting
the complexation behavior. The binding constant value is calculated
from the changes in emission intensity of 22-DHBP, using modified
Benesi-Hildebrand Eqn (2).. The binding constant value obtained is 8.12
x 103 M.

The fluorescence spectra of 33-DHBP in various concentrations of
B-CD. This shows an isosbesitic point at 360 nm. There was a slight red
shift experienced from ~376 nm to ~400 nm showing the complex
formation in the exited state. The fluorescence intensity decreases at
~400 nm when the concentration of the p-CD increases shown in Fig. 3b.
The decrease in emission intensity was due to static quenching in the
exited state. The domination of a less polar environment experienced by
the guest molecule in the cavity of the macromolecule and the small red
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emission is due to dipole-dipole interaction between the OH group of
guest and host [11]. The binding constant value rescued is from the
changes in emission intensity of 33-DHBP, using modified Stern-Volmer
equation Eqn (2).. The binding constant value obtained is 3.15 x 10°
ML

3.3. FT-IR analysis
The FTIR spectra of 22-DHBP/f-CD and 33-DHBP/B-CD systems

compared with free p-CD, 22-DHBP, and 33-DHBP molecules are shown
in Fig. 4. The B-CD alone has its major stretching and bending vibrations

of -OH, C—H, and C—O are discussed as follows. A broad absorption
band is observed at the region of around 3500-3200 cm! corresponding
to -OH stretching vibration. A sharp peak at 2925 cm™? designates the
asymmetric and symmetrical methylene -CH, vibrations. The major
peaks at 1640 cm™ and 1044 cm™! represent the -C = C and G—O
stretching vibrations [29,41]. The guest molecules 22-DHBP and
33-DHBP alone also have their own characteristics peaks of -OH
stretching, aromatic C = C, and C—C are observed at around 3200-3400
em?, 1600 cm™ and 1450 cm’! vibrational frequencies. The FTIR
spectra of 22-DHBP/f-CD and 33-DHBP/B-CD inclusion complex possess
peak shifts and changes in intensity compared to free guest and host
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Fig. 6. SEM images solid inclusion complex of (a) 22-DHBP/f-CD and (b) 33-DHBP/B-CD system.

molecules. The hydrogen-bonded -OH groups appeared in the region of
3385 cm™! of the obtained solid inclusion complex [24]. The aromatic C
= C stretching vibration is observed at 1644 cm™ of both the prepared
solid complexes, which appeared at 1640 cm™ for p-CD alone. A peak at
1030 cm'! corresponds to the C—O stretching vibration of p-CD present
in the inclusion complex [34].

3.4. NMR analysis

All the methylene, hydroxyl, and aromatic protons of p-CD appeared
in the region of 3.2 ppm to 5.94 ppm as shown in Fig. 5. Hydroxyl
protons of free 22-DHBP are observed at 9.18 ppm and the aromatic
protons at the region of 6.7-7.14 ppm are shown in Fig 5a. All the
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Fig. 7. The zone of inhibition and activity bar diagram of 22-DHBP/f-CD complex tested with microbes (a) Staphylococcus aureus and (b) Escherichia coli bacteria.

protons of 22-DHBP are shifted towards the downfield in the 22-DHBP/
B-CD inclusion complex, expressed by the interaction of these protons
with the p-CD [42]. The protons of p-CD have experienced the upfield
shift for the inclusion complex, revealing the encapsulation of 22-DHBP
inside the B-CD cavity.

Similarly, the 33-DHBP/f-CD supramolecular complex is examined
by 'H NMR spectroscopy (Fig. 5b). Protons of 33-DHBP appeared at the
chemical shift values of 9.22 ppm (-OH protons) and 6.7-7.15 ppm are
the protons of the aromatic phenyl ring. The 33-DHBP protons display a
downfield shift for the prepared 33-DHBP/B-CD complex indicating the
binding characteristics of 33-DHBP with -CD. Also, the shift in the $-CD
protons confirms the inclusion of complex formation. The chemical shift
value changes are shown in

3.5. SEM analysis

The SEM micrographs of prepared solid inclusion complexes of 22-
DHBP/f-CD and 33-DHBP/-CD system is given in Fig. 6. The SEM im-
ages of the 22-DHBP/B-CD complex display randomly occupied irregu-
larly shaped granules morphology. The SEM images of 33-DHBP/$-CD
based solid complex exhibit the morphology of the collective arrange-
ment of unevenly shaped scraps. The same irregularly shaped granule
morphology was observed in the 22-DHBP/f-CD and 33-DHBP/f-CD
samples prepared using both the kneading and physical mixture
methods, as depicted in Fig S1.

3.6. TG analysis

The TG analysis was used to study the thermal stability of the com-
pound. Fig. S2a & b p-CD shows the initial weight loss (0~10 %) at 120
°C the dehydration of hydroxyl molecule, the major weight loss (80 %)
at 370 °C in which the glycosidic bond connecting the glucose molecules
break down, and leading to the formation of smaller fragments of
glucose then, at 370~500 the residual weight loss occurs by decompo-
sition of the glucose small fragments. In Fig. S2 (a) 22-DHBP hydroxyl
(-OH) group present ortho position has decomposed at 280 °C whereas
in Fig. S2 (b) hydroxyl group (-OH) of the 33-DPBP present in the meta
position decomposed at 260 °C which implies the -OH group present in
the ortho position has stable intramolecular hydrogen bonding when
compared to the 33-DHBP. Then, the $-CD/22-DHBP and (-CD/33-
DHBP have a primary decomposition of hydroxy and volatile com-
pounds (10 %) at 100 °C, and the partial decomposition of glycosidic
bonds of the $-CD occurs at 250 °C. The major decomposition of $-CD
encapsulated 22-DHBP occurs at 450 °C due to the breakdown of the
biphenyl structure, whereas 33-DHBP encapsulated with §-CD has the
major decomposition of 430 °C. So, from this TG analysis, the prepared
22-DHBP/ B-CD and 33-DHBP/ $-CD have withstood up to 450 and 430
°C.

3.7. Antibacterial activity

The observations using 22-DHBP/B-CD complex on gram-positive
was shown in Fig. 7a. The figure clearly showed the complex prepared
by the solution method shows significant antibacterial activity against
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Fig. 8. The zone of inhibition and antibacterial activity of 33-DHBP/B-CD complex tested with bacteria (a) Staphylococcus aureus and (b) Escherichia coli bacteria.

the gram-positive bacteria, the complex formed by the physical method
and the analyte shows moderate activity and others show very low or no
activity on the pathogens. Whereas in gram-negative bacteria in Fig. 7b,
the complexes prepared by solution show high activity the complexes
prepared by physical method and the analyte show moderate activity,
and others have very low or no activity.

The antibacterial studies using 33-DHBP and its complex on gram-
positive was shown in Fig. 8a. The figure it was shows the complex
prepared by the solution method shows leading antibacterial activity
against the gram-positive bacteria, the complex obtained from the
kneading method, and the analyte shows moderate activity and others
show very low or no activity on the pathogens. The activity of gram-
negative bacteria is given in Fig. 8b, the complexes prepared by solu-
tion show high activity and the complexes prepared by physical method,
kneading method, and the analyte show moderate activity and others
have very low or no activity.

Fig. S3 shows the efficiency of the 22-DHBP, 33-DHBP, and inclusion
complexes prepared by the kneading, solution, and physical method,
compared with the standard (amikacin) zone of inhibition of about 16
(mm). The efficiency was calculated using the formula in Eq. (3).

Zone of inhibiton (Compound)

Zone of inhibiton (Control) x 100

3)

From Fig. S3(a) calculation, the §-CD,22-DHBP, inclusion compound
prepared by kneading, solution, and physical methods has an efficiency
of 0 %, 62.5 %, 0 %, 75 %, and 37.5 % respectively, and in Fig. S3(b),
the p-CD,33-DHBP, inclusion compound prepared by kneading, solution,
and physical methods has an efficiency of 0 %, 75 %, 50 %, 87.5 %, and

Table 1
Changes in the chemical shift values of 22-DHBP and 33-DHBP guests in the
presence of B-CD host.

Protons Chemical Shifts (ppm)
22-DHBP 22-DHBP/B-CD 33-DHBP 33-DHBP/B-CD
complex complex
OH 9.18 9.2 9. 9.21
Aromatic  7.12 7.15 7.13 7.17
6.78-6.89 6.78-6.91 6.78-6.88 6.78-6.90
(multiplets) (multiplets) (multiplets)  (multiplets)

0 % respectively. In both the inclusion complexes of 22-DHBP and 33-
DHBP, the inclusion complex prepared by the solution method has a
leading efficiency, and Zone of inhibition compared to the rest of the
methods, which is strong evidence that the material can be used in
treating bacterial cells (antibacterial activity) (Table 1).

3.8. Plausible mechanism for the antibacterial action of DHBP/-CD
complex in the bacteria cell

Compounds such as 22-DHBP and 33-DHBP have moderate anti-
bacterial activity against bacteria in such cases on inclusion with cy-
clodextrins that enhance the solubility of the 22-DHBP and 33-DHBP
which can easily penetrate the hydrophilic part of the bacterial mem-
brane and interact with the key enzymes which are responsible for the
primary function of the bacterial cell to lose its fluid content (cell lysis)
and causes the bacterial cell death that shown in Fig. 9.
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Fig. 9. Schematic diagram of antibacterial action of DHBP/B-CD complex in the bacteria cell.

4. Conclusion

In summary, the inclusion complexation study is a potential strategy
for improving the antibacterial activity of 22-DHBP and 33-DHBP mol-
ecules. The binding study on 22-DHBP and 33-DHBP with p-CD host
using the UV absorption, and fluorescence other studies on solid com-
plexes were interpreted. The absorption spectra of the guest molecules
were recorded with various concentrations of §-CD. Enhancement in the
absorbance intensity with increasing concentration of f-CD explores the
binding characteristics. The Job’s plot exhibits a 1:1 stochiometric ratio
of binding of guests with the p-CD host from the absorption titrations.
The emission titration also reveals clear support for the binding of -CD
with guest molecules through quenching of emission intensity. The
binding constant value of 22-DHBP is 8.12 x 10> M}, and 33-DHBP is
3.15 x 10° M\ The results conclude that the B-CD can enhance the
solubility of the 22-DHBP and 33-DHBP molecules with the help of in-
clusion processes. The prepared solid inclusion complex shows the
characteristic stretching and bending vibrations in both the guests (22-
DHBP & 33-DHBP) and the p-CD host. In the '"NMR spectra, the in-
clusion complex shows some downfield shifting of guest molecule pro-
tons upon binding. The protons of $-CD display up field shift, describing
the cavity as occupied with the guest molecules. The SEM images of the
solid complex obtained from both the guest molecules possess randomly
occupied irregularly shaped granules morphology. The complex pre-
pared by solution method shows leading antibacterial activity against
the gram-positive and gram-negative bacteria than the kneading method
and the physically mixed one.
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