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Abstract
The density functional theory -DFT- at the theoretical level B3LYP/

6-31G and ®B97-XD/6-31G in vacuum and in water was used for the
study of the inclusion complex of Trans-Anethole (T-An) in to B-
Cyclodexrin (B-CD) in two orientations A and B. The results indicate
that the most favorable structure from an energetic point of view is
when the propenyl group enters the cavity of the (B-CD) through its
wide cavity, hence the methoxy group is positioned on the narrow
side thereof with complete insertion of the benzene group. Donor-
acceptor interactions between guest and host, studied using natural
bonding orbital (NBO) analysis show the presence of weak and
strong intermolecular hydrogen bonds in addition to van der Waals
interactions. The spectral analysis of the *HNMR proton discussed
with NBO results confirm the mutual interactions between T-An. and
(B-CD). Also, the comparison of the theoretical and experimental UV
spectra showed a good agreement thus justifying the appropriateness
of the theoretical process undertaken in the modeling of this
inclusion complex as affirmed by infrared spectroscopy and NCI
analysis.

.Keywords: Trans-AnethoIe@ﬁ-CD,DFT,GIAO-lHNMR, NBO, TD-
DFT, NCI.
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1. Introduction
Anetholeis in the class of phenylpropanoid organic compounds, used for therapeutic

and other purposeshas a pleasant taste even in high concentrations, and it is thirteen
times sweeter than sugar. Trans-Anethole contains in its structure an aromatic nucleus
para-substituted by a propenyl chain (CsHs) and a methoxy group (O-CHa);it exists in
the form of two isomers Cis (S) and Trans (E) according to the configuration of the
double bond of the propenyl group,due to the high toxicity of Cis-Anethol, only
Trans-Anethole(T-An)is used[1].

Trans-Anethole has antiviral activities,insect repellent, anti-inflammatory,
antispasmodic activity;itis also used as a masking agent in toilet soap, toothpaste, as a
flavoring and fragrance additive in food industry products such as candies [2-6].
Basically, Trans-Anethole like all phenylpropanoids have low water solubility and are
sensitive to heat, light and free radicals, their encapsulation in Cyclodextrins improves
their solubility and their stability and maintains their bioactivity[7].

B-Cyclodextrin isa cyclic oligosaccharide composed of a-D-glucopyranose units. It is
composed of 7 a-1,4-glycosidic bonds and has the property of forming inclusion
complexes with various guest molecules with suitable polarity and dimension
improving their solubility, stability and bioavailability, because of its
specialmolecular structure of the hydrophobic internal cavity which is shaped like a
truncated cone of about 8 A deep and 6.0-6.4 A in diameter and the hydrophilic
external surface [8-10].

Recently, several experimental studies of the complexation of Trans-anethole in -
Cyclodextrinhave been carried out in physical, in water and in ethanol
mixtures,however, astructural study of the complexation of Trans-Anethole with -
Cyclodextrinconducted by Kfoury[11] et al. and Zhang [12] et al. did not elucidate the
driving and physical forces leading to its formation.

The main objective of this work is to provide a general overview of the modifications
of the properties: structural, spectral and the intermolecular interactions established
between T-An. and B-CD during the formation of the inclusion complex.

2. Computational details
In this work, all quantum calculations are done with the program Gaussian 09 D01

[13] and Gauss View|[14] using the density functional theory DFT method [15].The
structure of the T-An molecule was constructed using the graphical interface of the

Hyperchem 7.5 software [16], the geometry of the B-CD was extracted from the
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Chem-Office 3D ultra software [17].After which, the two molecules were
optimized,Fig.1shows the chemical structures of T-An. Andp-CD optimizedat
B3LYP/6-31G level of theory. The T-An@p-CD inclusion complex with
stoichiometry 1:1 is constructed by introducing the guest molecule inside the cavity of
the B-CD so that the interglycosidicoxygenof the B-CD are placed in the XY plane
and the guest molecule is aligned along the z axis.

Two orientations are constructed: Orientation A; the methoxy O-CHs group of T-An.
points to the wide portal of B-CD and in orientation B; the propenyl group CszHsof
guest molecule points to the wide portal of B-CD as illustrated in Fig.2.

These two orientations are then optimized without any restrictions at the functional of
exchange-correlation B3LYP [18-20] and ®B97-xD [21, 22] levels of theory with 6-
31G basis set in gas and aqueous phases. The solvent effects have been taken into
account in water (¢ = 78.5) by a conductor polarizable continuum model (CPCM)
[23].Harmonic vibrational frequencies were computed for the minimum energy
structures to verify them to be at the minimum on the potential surface. The gauge-
independent atomic orbital (GIAO) method as implemented in Gaussian was used to
compute *H NMR chemical shifts of free and complexed guest and host molecules.
Electronic transitions by time-dependent density functional theory (TD-DFT) and the
frequency shift in the calculated vibrational spectra were explained.

Finally, NCI-RDG analysis were envisaged using the Multiwfnprogram [24] and
visualized by the VMD program [25]to visualize weak interactions between the host

and guest molecules.
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Fig. 1. Chemical structures of T-An. and B-CD optimized at B3LYP/6-31G level of
theory.
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Fig. 2. Structures proposed for the inclusion of T-An in $-CD according to the two
orientations A and B.

3. Results and discussions

3.1 Analysis of the different energy components and stability of the complex

The first part of our study concerns the calculation of stabilization, interaction and
deformation energies of a complex as well as the energy gap AE(Enomo-ELumo) as
well as the dipole moment of the complex T-An@p-CD according to the two
orientations.

The stabilization energyfor the complex are given by the formula below:

_ popt opt opt
AEsp, = ET—AN@B—CD - (ET—AN,libre + Eﬁ—CD,libre) 1)
The interaction energy estimates the distortion of the two molecules during
complexationis calculated from the equation [26, 27]:

t t
AEinteraction = (ETO"IzAN + EEECD) - (E;EAN + EEZ—)CD) (2)

opt . P . . opt opt
WhereE;”,,ap—cpiS the energy of optimized inclusion complex,Ex",.Eg” ., are

energies of optimizedhost and guest moleculeand E;” ., E,”., aresingle point

energy obtained for the distorted isolated molecule geometry upon complexation.The
results obtained are summarized in Table 1.

From Table 1 it can be seen that the values of stabilization and interaction energies in
gas phase and in water are all negative which indicate that the formed complexes are
energetically favorable. In gas phase the complex T-An@p-CD (B) is most favorable
with the stabilization energy (-31.25, -1.34 kcal/mol)and this with the two functional
B3LYP and ®B97-xD, in water the complex T-An@f-CD(B) is the most favorable
orientation at the theoretical level B3LYP although with the functional ®B97-xD the
complex T-An@p-CD(A) is more favorable with a slight difference in stabilization
energy compared to the T-An@fp-CD(B) complex equal to -0.38 kcal/mol, this can be
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explained by the fact that the functional ®B97-xD is a long-range corrected DFT

Methods B3LYP wB97-xD | B3LYP wB97-xD | B3LYP wB97-xD
/6-31G /6-31G /6-31G /6-31G /6-31G /6-31G
T-An A OA B B
In gas phase
AEs . (kcal/mol) / / -6.79 -28.68 -11.34 -31.25
AEinteraction(kcaI/mOI) / / -5.79 -39.71 -8.95 -36.71
AE(Homo-Lumo) (eV) -0.1787 -0.31855 -4.8498 -9.0049 -4,997 -8.9490
p (Debye) 1.455 1.486 6.803 6.0823 6.619 7.5861
In water

functional with dispersion corrections like VVan der Waals interactions.

AE (Homo-Lumo) IS @ parameter that translates both the stability and the light resistance

of molecular systems. According to the values of AExHomo-Lumoyreported in the Table
1 are of the order of 5 eV at the theoretical level B3LYP and 9 eV at the theoretical

level ®B97-xD, all models in vacuum and in water are closely stable, compared to T-

An before complexation. The dipole moment measures the polarity of a molecule, this

one is at the maximum in orientation B in water equal to 8.3976 (9.3668) Debye

which confirms the improvement of solubility of guestmolecule after inclusion in the

host one.

Table 1:Energies of stabilization, interaction, energy gap and the dipole moment of T-

An@p-CD complex according to the two orientations.
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AEsg (kcal/mol) / / -4.45 -28.64 -6.451 -28.26
Einteraction (kcaI/mOI) / / '400 '3528 '559 '3195
AEHomo-Lumoy) (eV) -0.1788 -0.23185 -4.8609 -9.0220 -4.9838 -8.3668
u (Debye) 1.888 1.934 7.745 8.2607 8.3976 9.3668

3.2 Geometric structures of the complex

According to Fig.3, the structures of the lowest energies obtained by optimization of

the geometries of the two orientations A and B in vacuum and in water show a total

penetration of the guest molecule, its propenyl and methoxy groups are held in

interaction by the oxygens and hydrogens of the two portals of B-CD, whereas the

hydrogens of the benzene ring are in interaction with the glycosidic oxygen atoms of

the B-CD.All these intermolecular interactions have lengths less than 3A typical of

weak physical bonds (hydrogen, van der Waals, etc.). It is also noted that these

lengths have undergone elongations or shrinkingof the order of 0.01 to 0.02 A in

water due to themodification in the polarity of the complex in water in both

orientations.

Orientation A in vacuum

Orientation B in vacuum
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Orientation A in water

Orientation B in water

Fig.3. Geometric structures of the T-An@p-CD complex in vacuum and in water
optimized by the w97-xD/6-31G method.

3.3 NBO analysis
The non-covalent interaction is an interesting and stimulating research subject, to

access it one generally resorts to NBO analysis which is a very powerful tool to study
the interactions of the mutual hydrogen bond type between the different
supramolecularmolecules and also provides a practical basis for studying charge
transfer or conjugate interactions in this type of systems [28-31].

By definition, the stabilization energies resulting from the second-order micro-

disturbance theory are reported according to the equation:

E® = q,t4) (3<<<)

Vej—ei

q; - The occupation of the donor orbital.

F (i, j) : the Fock operator.

&, & - the energies of the NBO orbitals.

The larger the E @ value, the shorter the interatomic distance. The delocalization of
the electron density between the occupied NBO orbitals of the Lewis type (bonding or
lone doublet) and the unoccupied non-Lewis orbitals NBO of the non-Lewis type
(non-bonding or Rydberg) corresponds to a stabilizing donor-acceptor interaction.




Houria Bouchemella /Afr.J.Bio.Sc. 6(15) (2024) 10549 t0 10

Generally, an E@ value greater than 2 kcal/mol is attributed to a strong hydrogen
bond interaction and a value of 2 to 0.5 kcal/mol to a weak H bond interaction.

Table 2summarizes the NBO parameters for the most important interactions detected
in the studied inclusion complex both in vacuum and in water for orientations A and
B. The interaction energies and their corresponding distances show that the shorter the
intermolecular distance, the greater the value of E@

In both orientations A and B in vacuum and in water, the largest delocalization of
electron densities are those arising from the lone electron pairs (LP) of the oxygen
atom as donor electrons and OH as electron acceptors.

In orientation A, we note the presence of a strong intermolecular H bond
corresponding to the electron donor-acceptor orbital LP O154— BD*059-H135,
(between the free oxygen pair O154 of the methoxy group of T-An and the proton
H135 located on the wide portal of the host molecule.) which stabilized the system up
to 17.33 kcal/mol in vacuum and 19.99 kcal/mol in water.

In orientation B, the strongest intermolecular hydrogen bond type interaction
corresponds to LP 047 — BD* C 155-H 164, (between the lone pair O47 located on
the narrow portal of -CD and the proton H164 of the groupmethoxy of T-An) which
stabilizes the molecular structure at an energy equal to 5.22 kcal/mol in vacuum and
3.00 kcal/mol in water.

We conclude on reviewing Table 2 that the T-An@p-CD complex is stabilized due to

a set of weak and strong hydrogen interactions.

E@ |d Donor Acceptor E®@ d
Donor Acceptor (kealimo | (A) (keal/mol) | (A)
1)
A orientation in vacuum B orientation in vacuum

BD (2) C 148 -C|BD*(1) C 21 - H| 1,63 25 [LP(2)O |BD*(1)C158-H 2,65
150 100 7 55 170 1.38

LP (1) O 47 BD*(1) C158-H |0,33 27 [LPQ)O |BD*(1)C155-H 2,23
169 6 47 164 5,22

LP (1) O 56 BD*(1) C 151 - H | 1,41 25 [LP(2O |BD*(1)C158-H 2,54
161 8 60 169 1.82

LP (2) O 60 BD*(1) C 155 - H | 4,29 22 [LP(1)O | BD*(1)C149-H 2,49
164 8 76 159 1.84

LP(1) O154 BD*(1) O 59 - H | 6,34 17 [LPM)O | BD*(1)C 35-H 2,47
135 7 154 116 1.51

LP(2) O154 BD*(1) O 59 - H | 17,33 | 1,7 |LP(1)O |BD*(1)C 42-H 183 | 2,39
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| 135 | |7 |154 | 124 | |
A orientation in water B orientation in water

BD(2)C148-C |BD*(1)C 21-H|231 26 |[LP(1)O BD*(1)C149-H 169 5 59
150 100 5 76 159 ’ ’
LP (1) O 47 BD*(1)C158-H | 1,27 26 |[LP(2)O BD*(1) C158-H 174 5 56

169 6 60 169 ’ ’
LP(2) 0O 60 BD*(1)C155-H | 4,32 22 |[LP(1)O |BD*(1)C155-H 3.00 542

164 2 47 164 : ’
LP (1) O 154 BD*(1) O 59-H |5.56 1,7 |LP(1)O BD*(1)C 35-H 192 541

135 6 154 116 ’ ’
LP (2) O 154 BD*(1) O 59 - H| 19,99 1,7 |LP(1)O BD*(1)C 42-H 516 534

135 6 154 124 ’ ’

Table 2: Natural bond orbital and the corresponding E® energies in T-An@pB-CD
inclusion complex at ®B97-xD/6-31G level of theory.

3.4 Spectral analysis by GIAO/'HNMR
NMR is the most important analyzing instrument to verify the formation and the
structure of inclusion complexes. In order to show the sensitivity of the hydrogens of
the guest molecule to complexation, we calculated the chemical shifts of the different
protons of T-An, B-CD free and in the complex using the Gauge Atomic Orbital
approach GIAO [32]. The calculations were carried out at the theoretical level
B3LYP/6-31G. The values of the *H chemical shifts (5 in ppm) were referenced to
Tetra Methyl Silane (TMS) at the same theoretical level (6=0.89) according to the
equation:

8 = 8y — brus 4)
The effect of the H>O solvent was modeled using the CPCM model.Fig.4.shows the
T-An numbering system adopted in our work and that provided by Kfoury et al.[11].
The results obtained are summarized in Table 3 and Table 4 as well as Fig. 5.
Table 3 shows the theoretical and experimental shifts of T-An. andp-CDafter
complexation. It is noted that all the protons of the $-CD presented shifts towards the
top fields in particular the protons H-3(121) and H-5(123) located inside its cavity
with respective displacements of (-0.529/-0.73 ppm), (-0.247/-0.892 ppm) for
orientation Al/orientation Bconsequent to the formed van der walls and H-bonds
interactions.
The proton H-6(124) located on the narrow portal of B-CD with a shift of (-0.127 /-
0.173 ppm) in the orientation A/orientation B, these shifts are powerful evidence to

confirm the formation of inclusion complexes [33, 34].
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Table 4 summarizes the theoretical and experimental shifts obtained for T-An. and in
the T-An@f3-CD complex according to orientations A and B.

It is also noted that the proton signals in T-An also experienced changes in the
included state, all protons exhibited either downfield or up field shifts, the largest shift
in the A orientation is attributed to the protons Hf (0.4455 ppm) of the methoxy group
and He (-0.4445 ppm) of the propenyl group, while for the B orientation the largest
shift is attributed to the protons Ha (0.5598 ppm) of the benzene group and Hc
(0.4516 ppm) of the propenyl group, which attests to the formation of physical bonds
with the host molecule.Also, the theoretical and experimental displacements of the
protons in the complex showed a good linear correlation as shown in Fig. 5.

To better illustrate the interactions responsible for the modification of the protons
chemical shifts of T-An. we have shown all the donor-acceptor interactions obtained
by the NBO calculations. (Table S1)

From Table S1 we can see that protons of T-An. interact with f-CD atoms as donor or
acceptor of charges. For Hf(H163, H164 and H 165)and He(H168, H 169and H170)
of T-An. on A orientation:

-H163 acts as donor with (RY*(1) H 135, 0.10kcal/mol),H164 interacts with (BD (1)
O 60 - H 136, 0.15kcal/mol), (BD (1) O 60 - H 136, 0.18kcal/moal), (LP (1) O 60
,  0.83kcal/mol), (LP (2) O 60 |, 4.29%cal/mol), (RY*(2) O 60
,0.15kcal/mol),(RY*(1) H 135 , 0.09kcal/mol),(BD*( 1) C 21 - O 60
,0.09kcal/mol) and (RY*(2) O 60 ,0.15kcal/mol). Also, H 165 is in physic
interaction with (RY*( 1) H 135, 0.09 kcal/mol).

-H168 is bounded to (BD (1) C 42 - H 124 ,0.14kcal/mol),(RY*( 1) H 52,
0.11kcal/mol), (RY*( 1) H 123, 0.14kcal/mol), (RY*( 1) H 124 ,0.06kcal/mol),
(BD*( 1) C 12 -H 52, 0.08kcal/mol) and (BD*( 1) C 42 - H 124 ,0.18kcal/mol)
orbitals. Furthermore, H 169 is surrounded by (RY*( 1) H 52 ,0.31kcal/mol),(RY*(
1) H 123, 0.29 kcal/mol), (BD*( 1)C 5-H 83 ,0.09 kcal/mol), (BD*( 1)
C 12 -H 52 ,0.22 kcal/mol), (BD*( 1) C 41 - H 123, 0.39 kcal/mol), (BD ( 1) C
6 - H 85,0..06 kcal/mol), (BD ( 1) C 41 - H 123, 0.07 kcal/mol), (LP ( 1) O 47
,0.83 kcal/mol). H170 is also in week interaction with (BD (1) C 41 - H 123 ,0.08
kcal/mol), (RY*( 1) H 52, 0.20 kcal/mol), (RY*( 1) H 123 ,0.09 kcal/mol), (BD*(
1) C 12-H 52,0.10 kcal/mol) and (BD*( 1) C 41 - H 123,0.12 kcal/mol).

Thus we conclude that week interactions of T-An with atoms of 3-CD are the origin

of downfield or upfield protons shifts.
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Table 3:'HNMR chemical shifts (ppm) of B—CD before and after complexation and

experimental shifts

Fig. 4. T-Annumerotation in complex T-An@p-CD

Our work (in numbers) and as [9] (in alphabetical order).

Protons Calculated shift in (ppm) Experimental shift in  (ppm) [9]
B3LYP dp-cp | Op-cb Ad | dpcD Ad | dp-cD dp-cD Ad
/6-31G Orientation A Orientation B in Complex
H(79) -1 4.445 | 4.380 -0.064 | 4.289 | -0.156 5.074 5.045 -0.029
H(80) -2 3.025 | 2.901 -0.124 | 2.885 -0.14 3.651 3.625 -0.026
H(81) -3 3.216 | 2.686 -0.529 | 2.486 -0.73 3.968 3.919 -0.049
H(82) -4 2.314 | 2.178 -0.135 | 2.051 | -0.263 3.587 3.564 -0.023
H(83) -5 3.621 |3.373 -0.247 | 2.729 | -0.892 3.880 3.791 -0.089
H(84) -6 3.065 | 2.938 -0.127 | 2.892 |-0.173 3.880 3.847 -0.033
CH
o
H
@n (a)
H
(b]H (b)
@~ TH
H3e)

Table 4: HNMR chemical shifts (ppm) du T-An before and after complexation,
calculated GIAO method at B3LYP/6-31G

Protons Calculated Experimental [9]
B3LYP ST-An OT-Anin OT-Anin OT-An OT-An
Orientation A Orientation B in Complex
Aromatic: H162(Hb) 6.786 7.039 6.761 6.767 7.296
Aromatic:H161(Hb) 6.075 6.170 6.106 6.767 7.296
Aromatic:H159(Ha) 6.019 6.205 6.579 6.364 6.926
Aromatic: H160(Ha) 5.789 5.953 5.664 6.364 6.926
Propenyl:H167 (Hd) 5.652 5.679 5.706 5601 | 6.168
Propenyl: H166(Hc) 5.592 5.461 6.044 5.896 6.376
Methoxy: H163(Hf) 3.297 3.274 3.094 3.154 3.812
Methoxy: H164(Hf) 2.982 3.333 3.294 3.154 | 3.812
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Methoxy: H165(Hf) 2.982 2.999 2.886 3.154 3.812
Methyl: H168(He) 0.700 0.806 1.016 141 | 1.846
Methyl: H169(He) 1.162 1.509 1.477 141 1.846
Methyl: H170(He) 1.162 0.717 1.120 141 1.846
E7 Ri=0994 »* E 7 R?=0.991 o

£5 z s

g = .

£ 2 £ &

E 3 E 3 i

= E_ B

% e E *

1 1
1 3 5 7 N 5 5 ;

calculated 1HNMR({ppm) calculated 1THNMR (ppm)

Fig.5.Correlation between calculated and experimental shifts at left in orientation A
and in orientation B at right.

3.5 Analysis by infrared spectrometry
FT-IR is a helpful instrument to provide evidence for the formation of inclusion

complexes. Widening, shifts and intensity change of the peaks indicate complex
formation [35, 36]. Fig. 6shows the superposition of the infrared spectra of T-An, B-
CD and in the complex T-An@f-CD in orientation A and B.

From Fig.6, there is a shift from the peak at 1010 cm™ in free B-CDto 973 cm™ and
964 cm™ in complexes A and B respectively, also in the region of 1500 cm™ at 500
cm? there are notable modifications in the shape of the theoretical peaks in

comparison with that of the free B-CD.
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Fig. 6. Simulated infrared spectrum (a) T-An, (b)-B-CD, (c)-T-An@f-CD (A), (d) T-
An@p-CD (B).
3.6 TD-DFT and theoretical UV-visible spectra

UV-visible spectroscopy is an important tool for studying inclusion complexes. Time-
dependent density functional theory (TD-DFT) used for the calculation of the
excitation energies and oscillator forces of molecules combines the advantages of the
density functional theory and the time-dependent formalism allowing thus the precise
determination of the properties of the excited state [37-39].

For this purpose we performed a calculation of the electronic transitions and their
corresponding energies with the time-dependent density functional theory (TD-DFT)
at B3LYP/6-31Gtheoretical level from the optimized structures. The effect of the
solvent was taken into account with the model (CPCM) at the same theoretical level
in water and in ethanol.

Fig. 7andFig. 8show a superposition of the absorption spectra of p-CD, T-An. and
their inclusion complexes in the two orientations A and B.According to W. Zhang et
al.[12], the anhydrous ethanol solution of B-CDhas no UV absorption, as well as the
aqueous solution of B-Cylodextrin whereas the T-An in the Anhydrous ethanol exists
in a Amax0f 260nm. From Fig.7andFig.8, it is observed that T-An exhibits a peak at
258.62 nm in water and a peak at 259.373 in ethanol. Free 3-CD shows no absorption.
It is clear that the spectra of T-An. present two absorption bands similar to those of
the complex in both orientations. An isosbestic point in the T-An. spectrum due to the

formation of the solute-solvent complex. While the isosbestic point appearing on the
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spectrum of T-An in the presence of B-CD confirming the formation of the inclusion
complex. The two bands of the complex are less intense than those of the free T-An.
The theoretical spectra of the T-An@p-CD inclusion complex according to the two
orientations are as follows:

According to Table 5,orientation A showed 3 absorption peaks whose maximum is at
259.3 nm in water and at 259.41 nm in ethanol due to the excitation of
HOMO—LUMO and HOMO—LUMO+I respectively.Orientation B also showed 3
absorption peaks whose maximum is at 258.36 in ethanol due to HOMO—LUMO
excitation and in water the excitation maximum is at 259.30 nm due to excitation
HOMO —LUMO and HOMO—LUMO+I1. The other excitation wavelengths with
their peaks in water and ethanol are shown in the Table5.From Fig S.1 Intra and inter
molecular charges transfer is observed between T-An and B-CD.

Thus, the UV analysis has perfectly justified the appropriateness of the theoretical
process undertaken in the modeling of this inclusion complex where a good

agreement has been verified.

35000 4

30000

25000 4

20000 o

15000 —

epslon

10000 —

5000

T T T T T I
150 200 250 300 350 400

wave number {nm}

Fig.7. Simulated absorption spectra of: (B) T-An in Alcohol, (C)T-An in water,
Orientation A: (D) T-An@p-CD in Alcohol, (E) T-An@p-CD in water, (F) p-CD in
Alcohol and (G) B-CD in water.
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Fig. 8. simulated absorption spectra of: (B) T-An in Alcohol, (C) T-An in water,
Orientation B : (D) T-An@f-CD in Alcohol, (E) T-An@f-CD in water, (F) p-CD in
Alcohol and (G) B-CD in water

Excited state Transition Contribution E (eV) f A (nm)
%
T-An@p-CD -A Orientation in Ethanol
ES(1) H-1-L 6.14 45703 0.2021 271.28
H—L 52.87
ES(2) H—-L 45.41 4.7795 0.4092 259.41
H—-L+1 44.23
ES(3) H-3—L 2.13 5.8819 0.1267 210.79
H-1-L 75.48
H—L+1 11.84
T-An@p-CD -A Orientation in water
ES(1) H-1—L 6.22 4.5693 0.1870 271.34
H—L 50.70
ES(2) H—L 47.56 4.7816 0.4175 259.30
H—-L+1 42.59
ES(3) H-1—L 72.63 5.8865 0.1144 210.62
H—L+1 10.69
T-An@p-CD -B Orientation in Ethanol
ES(1) H—LH—L 11.60 4.6308 0,0720 267.74
+1 75.24
ES(2) H-L 86.38 4.7989 0.5388 258.36
ES(3) H-6—L+1 3.56
H-1—-L 73.18 5.9092 0.0812 209.82
H—-L+1 10.30
T-An@p-CD -B Orientation in water
ES(1) H-1—-L 6.22 4.5693 0.1870 271.34
H—L 50.77
ES(2) H—L 47.56 4.7816 0.4175 259.30
H—L+1 42.59
ES(3) H-1-L 72.63 5.8865 0.1144 210.62
H—-L+1 10.69




Houria Bouchemella /Afr.J.Bio.Sc. 6(15) (2024) 10557 to 10

Table 5: Transition between molecular orbitals corresponding wavelengths, energy
and oscillatory strength (f)ofT-An@p-CD inclusion complex.

3.7 Non-Covalent Interaction (NCI) Analysis

Graphical illustration of weak intermolecular interactions such as hydrogen bonds,
van der Waals interactions and repulsive steric interactions can be characterized by
the method of non-covalent interaction NCI analysis [40-42]which provides a real-
space graphical visualization of weak interactions.

To explore the existence of weak interactions, NCI plots are generated with the plots
of the RDG versus (signi2)p, where (signi2)p is the electron density multiplied by
the sign of the second Hessian eigenvalue (A2) [43, 44].

Van der Waals interactions are colored green, hydrogen bonds are colored blue, and
areas with repulsive steric interactions are colored red.

The NCI isosurface illustrated in Fig. 9display the inclusion complexes in water for
A and B orientations at wB97-xD level theory. A green mostly attractive area
between T-An andp-CD is observed, it indicates the presence of van der Waals
interactions. Also, a greenish blue color is observed which testifies to the presence of
weak attractive bonds of the hydrogen type. In orientation A, a region of dark blue
color is retained between the oxygenO1540f T-An. and the hydrogen H135 of the
wide portal of B-CD attributed to a strong hydrogen bond. In addition,intramolecular

H-bondobserved between primary and secondary hydroxyls rims of 3-CD.
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Fig. 9.Plot of the reduced density gradient versus the electron density mulitiplied by
the sign of the second Hessian eigenvalue (signi2)p and Visual weak interactions at
®B97-xD/6-31G level of theory (a), (b) in orientation A and (c) , (d) in orientation B.

4. Conclusion
B3LYP/ 6-31G and ®B97-XD/6-31G in vacuum and in water was used for the study

of the inclusion complex of Trans-anethole (T-An) into B-Cyclodexrin (3-CD) in two
orientations A and B. The obtained results showed that:

- Energetically, the formed inclusion complex is stable in A and B orientation in both
vacuum and water with total of guest insertion in B-CD cavity.

-The established intermolecular interaction between T-An and B-CD obtained by NCI
and NBO analysis are responsible of spectral properties modification (IHNMR, UV-
visible and IR)
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