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ABSTRACT

Apart from the trapping of metal ions by the vasaalixarenes, C-Hexylpyrogallol[4]arenes are sedlifor their
host—guest interactions with the organic guest mdks. In this article, we report the host—guestoasation of a
flavone, baicalein and a chromanone, silybin wittHExylpyrogallol[4]arene. The stoichiometry for theclusion
of these guest molecules with C-Hexylpyrogallolféfee is determined as 1:1 ratio by Benesi—Hildebraguation.
The strength and mode of binding of baicalein atybis with is supported by time-resolved fluorasoe nuclear
magnetic resonance correlation spectroscopic tegies and molecular docking studies. The structuréhe
inclusion complex is proposed.
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INTRODUCTION

Molecular capsules have been of interest to macgaume they offer unique chemical environments folegules
through encapsulation. This confinement of chengpalce remains less explored [1-6]. C-Hexylpyraddllarene
(C-HPA) assembles into a multi-component hydrogended nanocapsule encapsulating guest moleculd9]7—
These molecules are flexible compared to the x&lbtirigid cyclodextrin molecules. Host-guest asation in the
nanocapsule of C-HPA is an active area of resepfichThe modes of binding of guest molecules toséh@ost
molecules C-HPA cannot depend only on the sizé@fchavity and different factors which decide thedmand the
strength of binding of guests need to be exploféese capsules are able to isolate the encapsgagsts from the
bulk, which may allow stabilization of the reactiugermediates [11, 12] and the catalysis of reasti[13].
Therefore, understanding the factors that govegraffinity and the tendency of guests toward th&t hwlecule, C-
HPA is essential.

The IUPAC name of baicalein is 5,6,7-trihnydroxyftene. Baicalein (2-phenylHkchromene-4,5,6,7-tetrol) inhibits
the in vitro growth of human cancer cells and ireluapoptosis. This takes place due to the inhibidoCDC2-
surviving pathway [14]. Baicalein inhibits the enzy CYP2C9, of the cytochrome P450 system, whicts dbe
metabolism of drugs in the body [15]. The chemicallybin is known as (2R,3R)-3,5,7-trihydroxy-2[,3R)-3-
(4-hydroxy-3-methoxyphenyl)-2-(hydroxymethyl)-2,8vddrobenzo[b][1,4]dioxin-6-yl]lchrom-an-4-one.

Silybin is used as a hepatoprotectant, an anticagent and a cancer-protecting compound. Hence ajpplied to

the diseases of the prostate gland, lungs, CN&el&l and pancreas. New functions of silybin asealiered based
on its specific interaction with the receptor [18]nce the host-guest complexation could modifylidend-receptor
interactions [17, 18], we are interested in expigrihe mode of association of flavones and chromasiowhich are
important pharmacophores [19, 20], with C-HPA. histpaper, we report the stoichiometry, the binditrgngth,

and the mode of binding of baicalein and silybithwZ-HPA.
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EXPERIMENTAL SECTION

Chemicals

Pyrogallol, heptanal, baicalein and silybin wereghased from Sigma—Aldrich, Bangalore, India anedusithout
further purification. Phosphoric acid and sodiundtoxide from Qualigens were used to adjust theousripH
solutions. All the solvents and reagents used fiMerck were of spectral grade, which were used asived
without further purification. Double distilled wate/as used throughout the experiments.

Synthesis of C-hexylpyrogallol[4]arene (C-HPA)

The synthesis of C-hexylpyrogallol[4]arene is répdr[21]. An alcoholic solution of pyrogallol (I@mol) was
acidified with concentrated hydrochloric acid (Iil) at 0 to 5° C. Then heptanal (10 mmol) was aduethe
reaction mixture and the cold, clear solution wamight to room temperature slowly then refluxed&drours. The
C-HPA formed as a brown solid was filtered and diriehe product was re-crystallized with hot methano

Preparation of Baicalein/C-HPA complex

A solution of baicalein (0.2 g, 0.74 mmol) and aquienolar amount of C-HPA (0.66 g) were taken in bah
methanol separately. Baicalein was added slowlh¢osolution of C-HPA at room temperature. The thmtuwas
sonicated for 30 min and then warmed &t 60or 10 min. It was then kept at room temperafareghe formation of
solid product.

Preparation of Silybin/C-HPA complex

An equal molar (0.52 mmol) proportions of silybihZ5 g) and C-HPA (0.46 g) were dissolved in Sfnethanol
separately. A solution of silybin was added slota solution of C-HPA at room temperature. Theadigolution
was sonicated in an ultra sonicator for 30 min. wadmed to 50 C for 10 min. Then the mixture was kept at room
temperature for two days. The solid obtained wédlected and analyzed.

Preparation of test solutions

Test solutions were prepared with double distiliader by appropriate dilution of stock solutionshaicalein (1.48
x 10° mol dm?), silybin (8.29 x 16 mol dm®), and C-HPA (2 x 1® mol dm® in methanol due to their less
solubility in water. The test solutions were havihg concentration of methanol as 3 %. The abswrmnd the
fluorescence spectra were recorded for homogengsais solutions against appropriate blank solutiofise
measurement of Hand pH value below the pH 2 from a modified Hantimeacidity scale [22]Various
concentrations of sulfuric acid (0.5, 1.0, 2.0, 20d 4.0 mol dif)) were used to vary the acid strength apadiues
were interpreted from a modified Hammett's aciditale. All experiments were carried out at ambientperature
of 25+ 2° C.

Instrumentation

A Jasco V-630, double beam UV-Visible spectrophet@mused to measure the absorbance by using 1tm pa
length quartz cells. The fluorescence measurenvamtied out in a Perkin-Elmer spectrofluorimeterodél: LS55)
equipped with a Xenon lamp (120 W) for excitatiBoth the excitation and the emission band widtheevget up at
4 nm. Time-resolved fluorescence measurements a@re on a time-correlated single photon countingRHEA
spectrofluorimeter using an LED sourcld NMR and two dimensional Rotating-frame overhauséiect
spectroscopy (2D ROESY) spectra were recorded Biuker AV Ill instrument operating at 500 MHz wi€@DCl;
as solvent for baicalein/C-HPA and silybin/C-HPArqaexes. The chemical shift values are reportegpim. The
2D ROESY experiments were performed on the prepsoéd complexes of baicalein/C-HPA and silybin/©&l
The mixing time for ROSEY spectra was 200 ms urtherspin lock condition. Tetramethylsilane (TMS)swased
as an internal standard. The chemical shift valuere obtained downfield from TMS in part per mitligppm).
Ultra-sonicator PCI 9L 250H, India was used forisation. Elico LI 120 pH meter, India was used djuat various
pH solutions.

The three dimensional structure of baicalein, @ilyhnd C-HPA was optimized and the length, breaufthhe
molecules are measured by using a software RasWiecmiar graphics, a product of Rasmol [23] vers2on5.2
[Figs. SI 1, SI 2 and SI 3 respectively]. The noalar docking of the guest molecules, baicalein sifybin with
the host C-HPA were studied by the Schrodingeres2@i13, update 2, Glide 5.5. In the inclusion caxation
study, the molecular docking suggests that thentaimn of the guest to the host. The molecularkaar study
support the inclusion complexation with the glideor® (G-score) value, hydrogen bonding value arel th
hydrophobicity of the host exerts on the guest. Tlide (Grid-based Ligand Docking with Energetiedgorithm
[24] approximates a systematic search of activdibimsites of the guest with the host binding sieg a series of
hierarchical filters [25].
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RESULTS AND DISCUSSION

The chemical structures of the guest moleculesal®it, silybin and the host molecule C-hexylpyrédgfd]arene
are given in the Figs. 1 (a), (b) and (c) respetyiv The host-guest interactions of the selecystesn are discussed
in the following sections.

Host—guest interaction of Baicalein with C-HPA

The absorption spectra of baicalein in water amdei@se in concentrations of C-HPA solution are showrFig. 2
(a). The absorption spectrum of baicalein in theeabe of C-HPA (0 mol df) showed that the-pr* transition
band at 321 nm. The hyperchromic shift is obsemetthe absorption band with the increasing conegiatn of C-
HPA. Also the absorption band is significantly shif to lower wavelength (2 nm) with the addition@HPA.
There is enhancement of the absorption band wighbile shift occurred due to the host-guest intemags of
baicalein— C-HPA molecules resulted by the inclostomplexation. The absorption and the fluorescespestral
data are given in Table 1. In the fluorescenceyaiglthere is increase of the two fluorescencelbanh 364 and 411
nm observed for baicalein with the addition of CA@ to 6.54 x 18 mol dm°). The fluorescence spectrum is
shown in Fig. 2 (b). This increase in fluoresceimtensity indicates that the encapsulation of Hainagby C-HPA
molecules due to the electron interactions. The binding constant areddtoichiometry for the baicalein—C-HPA
complex are determined by using the Benesi — Hitalgd equation as given in equation (1),

1 1 1 1

1o I'-Io + I'-Ig K[C—HPA] Q)

where } is the intensity of fluorescence of baicalein iatev, | is the intensity at each concentration ¢EA, and
I' is the intensity of fluorescence at the highesncentration of C-HPA. K is the binding constamhe
stoichiometry for the formed baicalein—C-HPA compie determined as 1:1 ratio from the linearitythie plot of
1/(1-1¢) vs. 1/[C-HPA]. The slope for the straight linetaibed is 2.73 x 1®with the correlation coefficient (R) =
0.99. The binding constant K is calculated as & 20 mol™* dnr.

In order to confirm the inclusion complexation oéitalein with C-HPA are studied by the time-resdlve
fluorescence spectroscopy. Fig. SI 4 shows thatithe-resolved spectrum of baicalein in water, lamd high
concentrations of C-HPA. The fluorescence decayilpsoare compiled in Table 2. The bi-exponentiataly is
observed in water with the life span of 1.48 and896ns (Relative amplitude of each state 86.26 a®d4l
respectively). The relative amplitudes of the tuatesin the presence of C-HPA changed to tri-expbakfrom that
in water. Apparently there is a decrease in redatimplitude of the shorter lifetime state and argase in the
longer lifetime states. These observations sugddbtd the inclusion complexation of baicalein wittHPA indeed
occurred. The complete encapsulation of guest mtdeand the shift of the equilibrium

H+G HG

(2)

where H, G, and HG refer to the host, guest anchds-guest complex respectively. The complexasioifts the
equilibrium towards the right side would resultlie relative amplitude getting closer to 100.

Decrease of absorbance of baicalein at 251 nm fhendecrease pH 4.6 to the acidic range up to-H85 of C-
HPA solution results with a corresponding increasaround 315 nm. There is an isosbestic poingatrZzn due to
the possible formation of cationic equilibrium oditalein in C-HPA. All the spectra did not passotigh the
isosbestic point, specifically below the pH 1.4isTéxplains that the baicalein molecule is shieldgdhe host C-
HPA and the formation of cationic equilibrium goistdrbed at higher acidic condition. Hence this treu—

monocationic form of baicalein is influenced by tBeHPA encapsulation. The ground state, pKlue is calculated
as below,

_ A)e2(12)-A2)e2(21) @)
17 ez () -1(A2)e2(21)

C.=G-C (4)

where G is the total concentration of the compound in bimitms ande;(Ly), €2(A2), €2(A1), €2(A2) are the molar
extinction coefficients of the protonated and nalutorms at wavelengths andi, respectively

pKa= pH + log G/C, (5)

The calculated pKvalue is 0.14.
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Table 1: Absorption and fluorescence spectral dataf baicalein in various concentrations of C-hexylpsgallol[4]arene (C-HPA)

Conc. of C-HPA, Absorption maximum Fluorescence maximum .
3 Absorbance Fluorescence signal

(mol dm) (nm) (nm)
0 321.0 0.019 364.0 1195.22
1.48 x 10 321.0 0.035 364.0 1236.35
9.48 x 10 320.0 0.041 364.0 1309.81
4.14 x 10 320.0 0.053 362.0 1400.17
4.94 x 10 320.0 0.059 360.0 1503.79
5.74 x 16 319.0 0.071 359.0 1596.37
6.54 x 10 319.0 0.079 356.0 1691.01

Table 2: Time—resolved fluorescence spectral datd baicalein in water and C-hexylpyrgallol[4]arene C-HPA)

Conc. of C-HPA  Lifetime Relative Amplitude 2 Standard deviation

(mol dn®) (s) (%) X (s)

0 1.48 x 10 86.26 1.15 5.89 x 19

6.40 x 10 13.74 6.07 x 10"

1.60 x 10/ 2.16 x 10 60.86 1.07 3.73x 19

7.51 x 10¢ 14.83 2.55 x 101

1.16 x 10 24.31 7.70 x 101

6.60 x 1¢° 3.29 x 10 37.17 1.10 1.48 x 16

1.14 x 10 32.65 1.50 x 10"

1.23 x 10 30.18 8.77 x 101

Table 3:*H NMR spectral data of C-hexylpyrgallol[4]arene (CHPA), baicalein and silybin complexes with C-hexylprgallol[4]arene

C-HPA Baicalein—C-HPA complex Silybin—C-HPA complex
Position of protons Chemical shiftd Position of Chemical shiftd Position of Chemical shiftd
(ppm) protons (ppm) protons (ppm)
C- Hexyl chain: Benzopyran ring: A —Ring:
Methyl protons 0.93 3-CH 6.92 3-Hydroxyl 5.79
Methylene protons 1.28-1.45 8-CH 6.68 5-Hydroxyl 12.08
Sr']*g o Iinked in pyrogallol 5 51 _ 328 5-OH 12.66 7-Hydroxyl 10.90
6-OH 8.84 2-CH 5.03
7-OH 10.62 3-CH 4.60
6-CH 5.89
8-CH 591
. Aromatic :
Pyrogallol unit: protons: B —Ring:
Aromatic protons 7.49 13,15& 14 7.49 - 7.58 2'-CH 4.91
Hydroxyl protons 6.86, 6.90 and 8.80 12 & 16 7302 3-CH 4.20
3'-substituted 3.83
CH; ’
3'-substituted OH 1.92
C —Ring:
Methoxy proton 3.80
4"-Hydroxyl 9.10-9.30
Aromatic protons 6.71-7.10

Table 4: Absorption and fluorescence spectral dataf silybin in various concentrations of C-hexylpyrallol[4]arene (C-HPA)

Conc. of C-HPA Absorption maximum Fluorescence maximum .
3 Absorbance Fluorescence signal
(mol dm®) (nm) (nm)

0 325.0 0.110 425.0 58.08
2.50 x 16 323.0 0.150 423.0 62.16
6.50 x 1¢ 322.0 0.222 423.0 67.18
1.00 x 1¢° 322.0 0.267 423.0 69.76
1.40 x 10 322.0 0.346 423.0 70.31
1.80 x 10 322.0 0.396 423.0 70.49
2.20 x 10 322.0 0.444 423.0 70.86
3.00 x 1@ 322.0 0.543

Table 5: Time—resolved fluorescence spectral datd silybin in water and C-hexylpyrgallol[4]arene (CHPA)

Conc. of C-HPA (mol d)  Lifetime (s)  Relative Amplitude (%) 2 Standard deviation (s)

0 1.78 x 10 58.98 1.11 1.07 x 18
7.62 x 10 41.02 5.65 x 101

25 x10° 1.74 x 10 51.66 1.03 1.42 x 19
8.85 x 10 48.34 3.56x 10

3.0x10° 1.53 x 1 51.54 1.13 1.41x 19
1.03 x 10 48.46 3.55 x 10!
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Fig. 1
(a). Structural representation of baicalein
(b). Structural representation of silybin
(c). Structural representation of C-Hexylpyrogallo[4]arene

(a)

Fig. 2
(a). Absorption spectra of baicalein at various cotentrations of C-Hexylpyrogallol[4]arene
(b). Fluorescence spectra of baicalein at variou®ocentrations of C-Hexylpyrogallol[4]arene
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The effect of acid strength on the fluorescencessimn of baicalein in the presence of C-HPA is isitidThe

addition of protons to baicalein causes a quencbirityorescence at the wavelength 410 nm. This beg case of
proton—induced fluorescence quenching of baicate@-HPA. At a longer wavelength, there is formatif a new
band at 445 nm which becomes more distinct belgw-®84. This is due to the formation of cationieaps of
baicalein and it should be exists in an equilibriiut the equilibrium shift happens at higher asmecentration (bl

—0.84) and did not meet at an isosbestic points Thidue to the influence of C-HPA host molecule tba

acidification of baicalein and this is evident thia¢ baicalein involved in the host-guest inteatdi with C-HPA.

The excited state pKis calculated as —1.5 from the sigmoidal fluorineetitration curve and the plot of y/ivs.

Hy/pH is given in Fig. 3 (a).
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NMR spectroscopic technique is utilized to substdé@tthe host—guest interactions of baicalein WitRiIPA and the
mode of encapsulation. The 2D ROESY spectrum isvshin Fig. 4. ThéH NMR spectral chemical shift values of
C-HPA, baicalein—C-HPA and silybin—C-HPA complexas compiled in the Table 3. In the 2D ROESY spectr
off-diagonal peaks were observed for the spati@réctions of inter and intra molecular interacsiarf baicalein
and C-HPA. The host—guest interactions of baical@iRlPA complex resulted with a cross peak at thentbal
shift of 8.84 ppm in the abscissa and the 4.37 ppthe ordinate axes are marked by circle symbdlign 4. This
signal obtained by the close proximity betweenthidroxyl group (at position 6) of baicalein and B (labeled
‘d") proton of C-HPA which is the linker for the mygallol units. Such a CH protons of C-HPA are &xia the
inner rim of the C-HPA, they were cross correldtethe hydroxyl proton of baicalein molecule.

Fig. 3.
(a). 111y vs. Hy/pH plot of baicalein in C-Hexylpyrogallol[4]arene solution
(b) /15 vs. H/pH plot of silybin in C-Hexylpyrogallol[4]arene sdution

» 5 (@) . 5 (0)
— — 1.01
1= Intens!ty: 439 nm 1 = Intensity: 393 nm
0.9 2 = Intensity: 405 nm g 2 = Intensity: 416 nm
(=]
- = 0.8
0.6 -
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The mode of binding of baicalein to C-HPA concludigdthe ROESY NMR correlation results is evidenbgdhe
molecular docking studies. The molecular dockinggsofor the hydrogen bonding and the hydropholéraetions
are shown in Fig. SI 5. The molecular docking oichkein with C-HPA study resulted with good coat@éns
results viz., the G-score value is —4.7 kcal mahd hydrogen bonding interaction score is —2.3% kwl*. The
hydroxyl groups of baicalein involved in the hydemgbonding interactions with the hydroxyls of C-HPPhe
docking results support the orientation of theus@n of baicalein is occurred through the chrontetnal moiety to
the host, C-HPA.

From the NMR results discussed in the precedinggraph, the hydroxyl groups of baicalein are inedhn the
inclusion complex formation. Hence, the host molecshould encapsulate baicalein from the chroménmdte
moiety. Again, the hydrogen bonding is possibleoifly the host structure approaches baicalein frive t
chromenetetrol part. With the detailed discussiohghe obtained results suggested that the stmichor the
baicalein—C-HPA complex and it is proposed as ¢ Fi5 (a).

Host—guest interaction of Silybin with C-HPA

The absorption and the fluorescence spectral datayisen in Table 4. The absorption spectrum ofbgil with
various amounts of C-HPA is shown Fig. 6 (a). Themetwo distinct absorption maxima observed inghectrum
of silybin, viz., 284 and 325 nm are correspondiaghe =—n~ and r-n transitions respectively. There is a
continuous enhancement (hyperchromic shift) obseateboth the absorption maxima of silybin whilergase in
concentration of C-HPA. The enhancement of the rilaswe is resulted by the host—guest complex foomatif
silybin—C-HPA. The longer wavelength band got ghifsignificantly by 3 nm towards the blue regiorthwihe
addition of C-HPA. This bathochromic shift is chateistic of the light absorbing chromophore digjiod) from a
polar solvent environment to a less-polar C-HPArpgavironment. The apolar nature of C-HPA cavityased
owing to a richr electron density. The fluorescence spectrum gbgilshowed an increase in the intensity upon the
addition of C-HPA in increasing concentrations @ng displayed in Fig. 6 (b). Two fluorescence tamf silybin
are observed at 366 and 415 nm in water. The additi C-HPA to silybin the fluorescence intensityenhanced in
the both bands. A significant (2 nm) blue shiflafger wave length band is observed while the aidif C-HPA.
This is due to the dislodging of the silybin molkcfrom the polar water cage to the apolar micraemment of the
host system. A linearity in the Benesi — Hildebranhok with the slope value is 7.96 x1@nd the correlation co-
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efficient (R) = 0.99 resulted to the 1:1 stoichiampefor the silybin—C-HPA complex. The binding ctast (K)
calculated is 4.99 x fonol* dm?.

Fig. 4. 2D ROESY spectra of baicalein—C-Hexylpyrodkl[4]arene complex
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Fig. 5
(a). Schematic representation of baicalein—C-Hexylpogallol[4]arene complex
(b). Schematic representation of silybin—C-Hexylpyogallol[4]arene complex

CH ©O

Baicalein - C-Hexylpyrogallol[4]arene Silybin - C-Hexylpyrogallol[4]arene

Figure Sl 6 shows the time-resolved fluorescenaetsa of silybin in water and increase in concditraof C-
HPA. The lifetime, relative amplitude2 and standard deviation spectral data of silybiHA complex are
compiled in Table 5. In water silybin shows bi-erpatial decay with the lifetimes of 1.77 and 7.&2with the
relative amplitudes of 58.98 and 41.02 respectivélye silybin decay profile showed a decrease @ ghorter
lifetime species and an increase in the longer bpethe added C-HPA. The increased lifetime and the
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corresponding change in the relative amplitudeth@mewly formed species which is due to the comfilemation
of silybin with C-HPA.

Absorbance

Fig. 6
(a). Absorption spectra of silybin at various concetrations of C-Hexylpyrogallol[4]arene
(b). Fluorescence spectra of silybin at various caentrations of C-Hexylpyrogallol[4]arene
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Fig. 7. 2D ROESY spectra of silybin—C-Hexylpyrogaél[4]arene complex
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The absorption spectrum of silybin in the presesfc€-HPA at various blpH values is recorded. Decrease of pH
from 4 resulted in a decrease of absorbance avaivelength 282 nm. The absorbance band quenchéswaunsly

on the acidification and there was no formatioraahonocation band observed. It is due to the silybolecule
shielded by C-HPA host molecule and restricts &odifybin molecule to protonate in the ground stBig this was
occurred in the excited energy state and it wasitm@u by fluorescence spectroscopy.

The quenching of fluorescence of silybin with C-HRAs observed at 417 nm by the decrease of pH 4rofihe
fluorescence quenching occurred owing to the pratatuced and then there was formation of the mammta
fluorescence band at 394 nm from the acidic range(26. The blue shift of fluorescence band wa®olesl due
to the equilibrium between the neutral-monocatidaiens of the silybin in C-HPA complex. The excitstate pK
of this equilibrium was obtained from the fluorimetcurve as —1.3 and it is displayed in Fig. 3. (l) this
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fluorimetric titration plot, the quenching of fluescence occurred completely to the neutral form thed the
formation of monocation species.

Fig. SI 1. Length and breadth of the baicalein m@&cule measured using RasMol

Fig. SI 2. Length and breadth of the silybin moleale measured using RasMol
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-

N
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Figure 7 shows the 2D ROESY spectrum for the inclugomplex of silybin in C-HPA. The diagonal anff-o
diagonal peaks were obtained for the correlatidrslgbin and C-HPA protons. There were cross pdaksd for
the cross correlations of the aromatic protons rgbal shift,5 6.71 to 6.90 ppm) of silybin molecule with the
protons of hexyl chain in C-HPA viz., (i) the meldaye protons of ‘c’§ = 2.16 ppm), (ii) the methylene protons of
‘a’, ‘b’ (6 = 1.15 to 1.39 ppm) and (iii) the CH protons of(d = 4.18 ppm). These cross peaks are labeled as A, B
and C respectively in Fig. 7. Since the C-HPA moledaving four hexyl chains at their lower rimtbé cavity,
these methylene and methyne protons are beingnaesdo the aromatic protons of silybin while iercapsulated
by C-HPA. The methylene protons substituted indieo ring (position 3'9 = 3.83 ppm) and the methoxy protons
(substituted in the 4-hydroxyphenyl,= 3.80 ppm) of silybin gave the cross peaks withthe CH (position ‘d’)
protons of C-HPA which is exist at lower rim of (PA (ii) the hydroxyl protons of 2 & 3 of pyrogallainits ¢ =
6.89 to 7.02 ppm) which are located at upper rinCafiPA. These cross peaks are resonated due toldke
proximity of these groups by the inclusion of silylihrough the 4-hydroxy-3-methoxy phenyl group n@iC)
substituted in the dioxo ring in to the cavity cHPA.
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Fig. Sl 3. Length and breadth of the C-Hexylpyrogdbl[4]arene molecule measured using RasMol

Fig. Sl 4. Time-resolved fluorescence spectra of lzalein with various concentrations of C-Hexylpyrogllol[4]arene
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Fig. SI 5. Molecular docking poses of baicalein—C-ekylpyrogallol[4]arene (a). Hydrogen bonding interations (b). hydrophobic
interactions
(b)

(a)
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Fig. Sl 6. Time-resolved fluorescence spectra ofy@in with various concentrations of C-Hexylpyrogdlol[4]arene
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Fig. SI 7. Molecular docking poses of silybin—-C-Heppyrogallol[4]arene (a). Hydrogen bonding interactons (b). hydrophobic
interactions

(a) {b)

The discussed mode of inclusion of silybin by thelA is supported with molecular docking study. Thelecular
docking study between silybin and C-HPA showed@®hscore value is —4.75 kcalrohnd the hydrogen bonding
score is —2.85 kcalmidl The interaction of silybin through the 4-hydro®ymethoxy phenyl group (i.e., Ring C
substituted in the dioxo ring) in to the cavity@HPA by the hydrogen bonding and the hydrophohieractions.
The hydrogen bonding and the hydrophobic interaatiocking poses of silybin with C-HPA is given iig§. Sl 7
(a) and (b) respectively. Hence we concluded thdemiclusion of silybin—C-HPA and the structuretlté complex
is proposed as shown in Fig. 5 (b).

CONCLUSION

Host—guest association of the baicalein and silylith the host C-HPA resulted with the formationinélusion
complexes with the stoichiometric ratio of 1:1 widually. The binding strength of baicalein/silybid-HPA
complex is determined from the Benesi—Hildebrandatign and the binding constant values are 6.70*bl*
dm®and4.99 x 16 mor* dm®respectively. This is evidenced by the time-reslflaorescence study. There is a
decrease in the shorter lifetime species of guestisalein/silybin) in water and an increase inltthreger one by the
added C-HPA which is due to the complex formatibime change in the pialues in the absence and the presence
of C-HPA also supports the host-guest associatamuroed between the baicalein/silybin—C-HPA cometexT he
structures of the inclusion complexes are propdsgdhe correlation peaks obtained from 2D ROESY NMR
spectroscopy and the orientations the guest masdalthe host by molecular docking study.
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