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Summary: The objectives of this research, were to study the effect of   beta cyclodextrin on the 

enhancement of the solubility and the antioxidant activity of 2-Amino-N-o-tolyl-benzamide (ATB). 

ATB was obtained by a new synthesis method and used to form inclusion compound macromolecule 

with -CD. The characterization of the ATB and the complex were subsequently established by FT-

IR; 1H NMR; 13C NMR; NMR 2D spectra and XRD. The optical activity was measured. The 

interaction of β-CD and ATB was also analyzed by UV-Vis spectroscopy in order to determine the 

formation constant. The stoichiometry of the complex was 1:1. Furthermore, the solubility and 

antioxidant activity of ATB were significantly enhanced upon complexation with β CD. 

 

Key words: 2-Amino-N-o-tolyl-benzamide (ATB); inclusion compound antioxidant activity; reducing propriety. 

 

Introduction 
 

Benzamides derivatives were used as potential 

candidates for anti-alzheimer; antifatigue and antiurease 

[1]. Benzamides are an important group of compounds 

with a wide range of biological activities. Literature 
reviews have revealed that benzamides have medicinal 

applications, such as antiasthamatic [2]; anti- 

inflammatory [3] anthelmentic and antimicrobial. They 

reduce chronic myeloid leukemia; and also reduce 

tumor growth [4], 2-Amino-N-o-tolyl-benzamide 

(ATB) is obtained by sevral methods [5-6] and has an 

anticonvulsant activity against maximal electroshock 

[7]. Macromolecules were used to complex some drugs 

to increase their solubility [8] or to complex metals in 

order to change their electrical and magnetic properties 

[9]. In other cases for example they used the bochar 
whose structure is porous to incorporate macro and 

micronutrients with the aim of producting a slow release 

nanofertilizer for sustainable agriculture [10]. So in this 

work we will use the beta CD as a macromolecules, 

then, some guest molecules has been encapsulated in β-

cyclodextrin in order to enhance their solubility and 

stability in aqueous solution. In aqueous solutions; CD 

is able to form inclusion compoundes [11-21] with a 

large variety of guest molecules; including organic 

compounds [6], pharmaceutical compounds [22] and 

organometallic compounds. [23]. The geometry of beta 

CD gives hydrophobic cavity having a depth of 7.8A˚; 
internal diameter of 6.5 A° and external diameter of 

1.54 A° (Fig. 1a) [24]. In aqueous solution the slightly 

apolar CD cavity is occupied by water molecules that 

can be readily replaced by appropriate ‘‘guest 

molecules’’ which are less polar than water. Such guest 

molecules lead to the formation of an inclusion 

compound with CD; acting as host molecule. In the 

pharmaceutical industry; β -cyclodextrin can be used to 

reduce or prevent gastrointestinal and ocular irritation; 

reduce or eliminate unpleasant smells or tastes; prevent 

drug-drug or drug-additive interaction; or to convert oils 

and liquid drugs into microcrystalline or amorphous 

powders [25-26]. Herein, we report a study of the 

inclusion compound formed between 2-Amino-N-o-

tolyl-benzamide (ATB)( Fig. 1b) and β-cyclodextrin 
(Fig. 1a); in aqueous medium. Analysis of our data by 
1H NMR and UVis data; confirm that the inclusion 

occurs and the complex has a 1:1 stoichiometry. 
 

Experimental  
 

Apparatus 
 

FTIR spectra were recorded on Nicolet IR 200 

FT-IR Thermo-Scientific spectro-photometer equipped 

with a diamond crystal. Spectra resolution was 4cm−1. 
1H NMR experiments were carried out in a 300 

spectrometer Bruker (1H: 300 MHz; 13C: 75.47 MHz). 

The chemical shifts (δ) are reported in ppm relative to 

TMS (internal reference). The ATB and supramolecular 
complex were dissolved in a mixture of CDCl3 + 

DMSO-d6 as solvent. 
 

The powder X-ray diffraction patterns were 

obtained by a diffractometer PHILIPS PW 1729. The 

UV–Vis spectrum was recorded in the range 200–400 

nm with a UV spectra photometer JENWAY 6405 
equipped with a stoppered quartz cell with 1.0 cm 

optical pathlength. 

*To whom all correspondence should be addressed. 
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Fig. 1: a) β-cyclodextrin, b) 2-Amino-N-o-tolyl-

benzamide (ATB). 

 

Chemicals and reagents 

 

Anthranilic acid and o-tolylamine are 

commercial products. The other chemicals used were of 

analytical reagent grade without further purification. 
 

Novel Method of Synthesis of ATB 

 

The new one-step synthesis reaction of ATB is 

described in Scheme 1. 

 

Ortho tolyl amin (0.6 mmol) and anthranilic 

acid (0.5 mmol) was dissolved in 20 mL toluene.  The 

mixture was heated under reflux for 24 h. After 

evaporating the toluene from the reaction mixture the 

obtained precipitate was filtered and washed with ether. 

The ATB was recrystallized in ethanol. The ATB was 
obtained with a high yield (85%), white solid; MP: 104-

106 °C. FTIR: ν C−H: 3100- 3000 cm-1; ν NH at 3500.05 

cm-1; ν C=O = 1668 cm-1; ν CCarom = 1650-1400 cm-1.  1 

H NMR (300 MHz; CDCl3 + DMSO-d6) d: 7.80; 7.24; 

7.20; 6.90; 6.80; 6.65;  5.20; 2.40; 13C NMR 

(75;47MHz; CDCl3+ DMSO-d6): 169.14; 150.80; 

133.44; 131.15; 129.76; 126.29;125.6; 123.12 ;117.32; 

116.03; 114.94; 114.38; 110.08; 16.83.  
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Scheme-1: Synthesis reaction of ATB. 

 

Synthesis of inclusion compound 

 

 
Fig. 2: Synthesis of inclusion compound of ATB and β-CD. 

 

+ H2O 
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0.5×10−3mol (0.113 g) of ATB dissolved in 

EtOH (10 mL) was dropped into 0.5×10−3mol (0.5675 

g) of β-cyclodextrin dissolved in 30 mL distilled water; 

with continuous stirring. The stirring operation was 

continued for 48 h at room temperature after which it 
gave a solid suspended products. The inclusion 

compound of ATB and β-CD was obtained by filtration. 

The precipitate was washed with ether four times, in 

turn; at room temperature for exact 24 h. (yield = 78%). 
 

Results and Discussion 
 

Our ATB was synthesized using one a pot 

method; with good yield, and characterized by X-ray 

powder diffractometry; UV analysis; IR and 1H and 13C 

NMR. The Inclusion compoundes of β-CD have mainly 

been used some times to increase the aqueous solubility 

of poorly water-soluble drugs; and to increase their 

bioavailability and stability. Our inclusion compound of 

β-CD and ATB was utilized to study the effect of the 

complexation on its solubility and antioxidant activity. 

The inclusion compound, which was prepared in 1:1 
molar ratio by a co precipitation method [27-28]. We 

also studied its solubility and tested the antioxidant 

activity of the ATB and the complex. 
 

Powder X-ray diffraction 
 

The powder XRD patterns of the physical 

mixture in molar ratio 1:1 (guest:host); ATB and CD 

monomer were compared with the head of inclusion 

compound. The powder X-ray pattern of the inclusion 

compounds shown in Fig 3 was different from that of 

ATB and cyclodextrin free. The difference between the 

spectra of ATB; the cyclodextrin and the spectrum of 
the inclusion compound are due to the interactions of 

cyclodextrin with ATB, produces a new structure. 

 

UV-visible analysis 

 

The UV spectra shown in Fig 4, of (a) ATB, 

and the (b) physical mixture investigated have the 

same spectra and shows exact three absorption 

maxima. On the other hand, the UV spectrum of 

inclusion compound shows four absorption maxima. 

In the presence of beta-cyclodextrin the absorption at 

336 ; 245 nm and 217nm were shifted to longer 
wavelengths (3-5 nm) along with some lowering of 

the absorption intensity. Concentrations of the sample 

to be measured were adjusted. Base line was 

established for each measurement; by placing in the 

reference compartment an aqueous solution for 

cyclodextrin; ethanol for ATB and a mixture of water 

and ethanol (80/20; v/v) for a physical mixture and 

inclusion compound at the same concentration (C 

=10-5M). All measurements were carried out at 

25.0 ± 0.01 °C.  

 

. 

 
 

Fig. 3: Powder X-ray diffractometry of (a) ATB; (b) cyclodextrin; (c) physical mixture with molar ratio 

1:1(guest:host)and (d) inclusion compound. 
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Fig. 4: UV spectra of (a) ATB; (b): physical mixture in molar ratio 1:1(guest:host); (c): inclusion compound 

and (d): cyclodextrin. 

 

Table-1: Absorption spectral data of ATB and 

inclusion compound. 
λmax(nm) A ε (L. mol. cm-1) 103 

ATB 245 1.182.6 

Physical mixture 248 0.183.6 

 

FT-IR  

 

The FT-IR spectrum of the complex is 
compared to that physical mixture; ATB and β-

cyclodextrin. The differences between the spectra of 

ATB; beta-CD; physical mixture and complex 

confirm the formation of a new compound with 

different spectroscopic bands.  The FTIR of the  

complex  showed peaks at 3370-3500 cm-1 (hydroxyl 

and amine groups); 2937 cm-1 (Alkyl group); 1655 

cm-1 (C=C group); 1279 cm-1 and 702.15 cm-1 

(aromatic rings). Retention of most of the 

characteristic peaks of ATB was observed during the 

comparative analysis of the IR spectrum of ATB with 

the inclusion compound. The peak at 3500 cm-1 
attributed to amine groups is visible in ATB; but it is 

modified greatly in inclusion compound (Table 2 

summarizes the comparison of host; guest and 

complex wavenumber)). 

 

We notice also on the FTIR spectrum a 

broad hydroxyl band of of in B-CD free at 3370 

which has narrowed in the FTIR spectrum of 

inclusion compound which is a good indication of 

formation of complex. In addition, the FTIR 

spectrum of physical mixtures imitated the 
characteristic peaks of β-CD and ATB; which can be 

regarded as a simple superposition of those host and 

guest molecules.  

 

Table-2: Comparison between wavenumber of beta-

CD; ATB and inclusion compound of -CD/ ATB.  
Functional group Beta CD  Inclusion complex CD/ ATB 

OH 3370 3380 

 CH2 2941 2935 

 C-C 1157 1079 

Functional group ATB  Inclusion complex CD/ ATB 

 NH 3500 3410 

C=O 1668 1650 

C=CHarom 693 702 

 

NMR Spectroscopy   
 

1H NMR and 13 C NMR 
 

1H NMR 
 

Nuclear magnetic resonance spectroscopy 

has been extensively employed in chemistry and can 

be considered as one of the most complete 

spectroscopic techniques due to its wide field of 

applications from structural elucidation to 

investigations on intra/inter-molecular. Applications 

of NMR to β-CD chemistry is so important that no 

other spectroscopic technique can provide the same 
wealth of chemical information on the 

supramolecular systems.  
 

The simplest experiment NMR as an 

indicative of complexation is the observation of the 

difference in the proton chemical shifts between the 

free guest, the host species and the suggested 

complex. There has been a long time since the studies 
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on β-CD complexes were started by observing the 

chemical shifts changes of the protons H3 and H5 

inside the cavity of β-CD [29]. 

 

Here, the 1H-NMR spectra of the free 
ligands; ATB and the complex  were studied in a 

mixture of CDCl3+ DMSO-d6; over the scan range 0 

to 13 δ ppm for 1H NMR. The chemical shifts (δ; in 

ppm) in both free and complexed states are reported 

in Table-3.  

 

The complexation caused a variation in the 

chemical shifts of the β-CD and ATB protons and 

carbons; a large downfield shifts was recorded for H5 

and H3 (Table-3). The NH shifted from 5.1 ppm to 

5.53 ppm. 

 
The variation of the shift was not the same 

for all protons. The minor modification observed for 

those at the exterior of the beta CD; depicted the 

existence of an interaction between the guest 

molecule and the interior of the host cavity; with a 

partial or complete inclusion on the torus; hence 

complexation. The H3 and H5 signal show, 

respectively, a downfield shift of about 0.032 ppm 

and 0.075 ppm. The downfiled shift observed for H5 

and H3 confirms the inclusion inside the cavity.  In 

addition Δδ H3 > Δδ H5; so a partial inclusion takes 
place [30]. 

 
13C NMR  

 

The 13C NMR spectra of ATB and ATB/ β -

CD inclusion compound spectra confirm the 

formation of the inclusion compound.  The 

experimental 13C NMR chemical shifts are 

summarized in Table 4. Aromatic carbons give 

signals in overlapped areas of the spectrum with 

chemical shift values from 100 to 150 ppm. In our 

present investigation; the experimental chemical shift 
values of aromatic carbons were in the range 109.67-

151.42 ppm. The experimental chemical shift values 

of β-CD carbons are in the range 59.89-101.90 ppm. 

As can be seen from Table 4.  

 

 

Table-3: Chemical shifts, δ, and Δδ of protons of β-cyclodextrin in the free host; 2-Amino-N-o-tolyl-

benzamide in free guest and inclusion compound 

 

Δδ = δ2 complex –δ1free guest.    
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Protons δ1(ppm) of free compound δ2(ppm) upon complexation Δδ en ppm 

    

H1 4.811 4.827 0.016 

H3 3.608 3.683 0.075 

H5  3.590 3.622 0.032 

H6a;b                                      3.640 3.660 0.020 

H4 3.340 3.294 0.013 

H2 3.299 3.320 0.021 

Ha(ATB) 7.800 7.650 -0.150 

Hb’(ATB) 7.200 7.210 0.010 

Hb(ATB) 6.800 6.500 -0.300 

Hf;f’(ATB) 7.240 7.250 0.010 

Hg;g’(ATB) 6.90 6.700 0.055 

Ha’( ATB) 6.500 6.510 0.010 

Hc;d(ATB) 

(mobile) 

5.100 5.532 0.432 

He(ATB) 2.40 2.48 0.080 
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Table-4: Chemical shifts δ and Δδ of protons of β-cyclodextrin in free host; 2-Amino-N-o-tolyl-benzamide in 

free guest and inclusion compound 

Δδ = δ2 complex –δ1free guest 
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Carbons 

 

δ1(ppm) of free 

compound 
δ2(ppm) upon complexation Δδ en ppm 

C1 101.96 101.90 -0.06 

C3 72.14 72.00 -0.14 

C6;6’ 59.87 59.89 0.02 

C5 73.40 73.01 -0.39 

C4 81.51 81.51 0.00 

C2 72.40 72.38 -0.02 

Ca’(ATB) 150.80 151.42 0.62 

Cf ‘ (ATB) 133.44 133.65 0.21 

Cb’(ATB) 114.94 113.90 -1.04 

Cg (ATB) 131.15 131.11 -0.04 

Cf (ATB) 126.29 126.35 0.06 

Cc’ (ATB) 129.76 129.80 0.04 

Cc(ATB) 114.38 114.54 0.16 

Ch (ATB) 116.03. 116.02 -0.01 

Cg’(ATB) 110.08 109.67 -0.41 

Ch’; (ATB) 123.12 123.11-0.01- -0.01 

Cd (ATB) 169.14 169.55 -0.400 

Ce (ATB) 16.83 17.33 0.05 

Ca(ATB) 114.94 114.54 0.400 

Cb(ATB) 117.32 116.28 -1.040 
 

 
 

Fig. 5: NMR Noesy of inclusion compound CD/ ATB. 
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The chemical shift of C=O shifted from 169.14 

to 169.55. 
 

The DEPT spectrum of ATB/β-CD inclusion 

compound gives the CH2 peaks (C6;6’) at 59.89 ppm. It 

can be seen that there is one CH3 (Ce (ATB)) and at 

17.34 ppm in the DEPT spectrum. The quaternary 

carbons, which disappeared in the DEPT spectrum, are 

not correlated to any protons.The other peaks of 13C 

NMR, except for the peaks in the DEPT spectrum, are 

quaternary carbons;  
 

2D NMR 
 

Assignments of the protons and carbons were 

also made by two-dimensional homonuclear and 

heteronuclear correlated experiments. 1H–1H NMR; 

COSY; NOESY and HMBC spectra were studied in a 

mixture of CDCl3+DMSO-d6 respectively. The 

NOESY(Fig 5); HMBC( Fig 6) and COSY experiments, 

which are particularly useful for the determination of 
structural arrangements of molecular complexes, show 

the presence of the correlation between the protons (Hc; 

Hd); of NH and NH2 with the two type of OH (4.80 and 

4.23 ppm) of β-CD moiety. Hc and Hd overlap with H2; 

H3; H4; H5 and H6. The chemical shift of (Hc; Hd) 

located at 5.53 ppm; in addition there is no possible 

interaction between OH1;3;6 and H2; H3; H4; H5 and 

H6 of β-CD.  

 
 

Fig. 6: HMBC spectra of inclusion compound CD/ ATB. 

 

 
 

Fig. 7: Absorption spectra of ATB with various concentration of ß-CD. 
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Stoichiometry of the inclusion compound 

 

Apparent formation constant and stoichiometry of the 

inclusion compound for ATB-β-CD inclusion 

compound. 
 

The formation of complex between ATB and 

ß-cyclodextrin has been confirmed using UV-visible 

method. The stoichiometric ratio and binding 

constant of the ATB-ß-CD complex were obtained by 

measuring the changes in UV-visible of the 

absorbance of the ATB in the presence of increasing 

concentrations of the ß-CD. The concentration of 

ATB was maintained constant at 5 x10-3 and the 

concentration of ß-CD was varied from 2.5 x 10-5 to 5 

x 10-5M.( Fig.12).The absorbance of solutions were 

measured at 243 nm. The absorption spectra of 
inclusion compound at different concentrations range 

of ß-CD is shown in Fig 8. It can be seen that 

solubility of ATB increased proportionally with an 

increase of concentration of ß -CD. 

 

 

The stoichiometric ratio of the inclusion 

compound should be 1:1; if a linear relationship is 

obtained between 1/A vs. 1/[ß-CD] according the 

Hildebrand-Benesi Equation 1 [31])..  

 
The Hildebrand-Benesi equation 1 

 

1/A = 1/ ε[G]0K[CD]  + 1/ ε[G]0 

 

The good linear relationship obtained proved 

that stoichiometric ratio of the inclusion compound is 

1:1. We estimated also the apparent formation 

constant from reciprocal plot for 1/A vs. 1/[ß-CD] 

with correlation coefficient R2 = 0.9922  The value 

of apparent formation constant was 2 x 102 mol.L-1. 

 

Solubility study 
 

According to reported methods [32-33]; we 

added an excess (1 g) of ATB to 25 mL water 

containing various concentration of beta CD. The 

flasks have been stirred for two days. Then all 

suspensions were filtered through a 0.45 μm and 

assayed by UV spectrophotometer at 243 nm.The 

solvent evaporation allowed us to determine the ATB 

solubility at similar ratio for beta CD. ATB solubility 

was increased from 0.15 mg/ml to 3 mg /mL. 

 

 
 

Fig. 8: Phase solubility diagram of ATB in aqueous 

solution of Beta CD. 

Study of optical activity of inclusion compound 

 

Optical activity measured in this work was 

realized by using a polarimeter which work with sodium 

lamp; Weight of every sample is m=9 x 10-3g dissolved 

in 8 mL of Ethanol; temperature T= 20°C; length of the 

sample tube is 20cm. The specific rotatory powers were 
[α]D

20°=162° for β-CD; [α]D
20°=93.3° for ATB and 

[α]L
20°=90.2° for inclusion compound. The inclusion of 

the achiral molecule of ATB in the β-cyclodextrin 

cavity generate a radical modification of the specific 

rotatory powers of the β-cyclodextrin. It is interesting to 

note that the spatial relationship between the center of 

symmetry; as well as the rigidity of the inclusion 

compounds; are of great importance for the character of 

the induced optical activity [34]. 

 

Study of Biological activity of inclusion compound 

 

β-Cyclodextrin is the most used in 

pharmaceutical formulations due to its non-toxicity; 

biodegradability and reasonable cost. However; the 

application of unmodified β-CD is limited owing to its 

poor water solubility. The CDs and their inclusion 

compounds are always used as delivery systems in the 

drug; food [35-36].  

 

Since then antioxidant research has received 

considerable attention and over a hundred thousand 

papers have been published on the subject. This has led 
to a rampant use of antioxidants in order to try to obtain 

and preserve optimal health. A number of food 

supplements are frequently fortified with synthetic or 

natural antioxidants. 

 

However; the antioxidant activity does not 

automatically to a biological effect in vivo; due to the 

low solubility of ATB in water. This problem was 

minimized by using -CD; which helps to increase 

solubility and protection against light induced 

decomposition and achieve controlled release of some 
compounds. 
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In vitro antioxidant activity 

 

The objective of this study was to evaluate the 

antioxidant activity of new compounds a of the 

inclusion compound. The antioxidant properties were 
determined via the DPPH radical scavenging; the ABTS 

radical scavenging; ferric reducing power (FRP); 

hydroxyl radical scavenging and ferrous ion chelating 

activity (FIC). 

 

The most abundant free radicals in biological 

systems are the oxygen-centered free radicals and their 

metabolites; usually referred to as ROS [37]. ROS are 

formed continuously as normal by-products of cellular 

metabolism; and; in low concentrations; they are 

essential for several physiological processes. However; 

when produced in excess; ROS can damage cell 
functionality as they can harm cellular lipids; proteins; 

and DNA [38]. Nowadays; interest is focused on the 

synthesis of new compounds with potential applications; 

such as cancer diagnosis and treatment of tumor [39]. 

 

DPPH radical scavenging activity 

 

The free-radical scavenging activity of the 

various concentrations of new compounds (B-CD; ATB 

and Complex); and ascorbic acid was measured with the 

stable radical diphenylpicrylhydrazyl (DPPH) in terms 
of radical-scavenging activity.  

 

The antioxidant activities of ATB; -CD; 

ATB/ -CD complex samples) were measured in terms 

of their radical scavenging ability using the DPPH 

method. 3 ml of DPPH (in methanol) was added to 100 

μl of different compounds (dissolved in methanol); at 

different concentrations (1-0;5 mg/ml). After incubation 

30 min; the absorbance measured at 517 nm according 
to a described procedure [40]. 

 

The result showed remarkable scavenging 

activity presented in Fig 9. The derive Complex had the 

highest capacity of scavenging DPPH radicals with 

percentage of inhibition 76.44 ±0.534% at the 

concentration (1mg/ml) and compared with ascorbic 

acid at the same concentration 91.26 ± 0.332%. 

 

ABTS radical scavenging activity 

 
ABTS assay was performed according to the 

protocol [41]. Differences for the ABTS•+ (2; 2-

azobis-(3-ethylbenzothiozoline-6-sulphonic acid) 

radical scavenging capacities of each sample was 

recorded in Fig 10. The compound (Complex) was 

presented the highest capacity of scavenging at the 

high concentration (1mg/ml) with value 64.44± 

0.74% and ascorbic acid at the same concentration 

94.074±0.74%. 

 

 

 
 

Fig. 9 DPPH Radical Scavenging Activity: tested compounds (B-CD; ATB and Complex); AA: ascorbic 

acid. 
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Fig. 10 ABTS radical scavenging ability: tested compounds (B-CD; ATB and Complex); AA: ascorbic acid). 
 

 

 
 

Fig. 11: OH radical scavenging ability: tested compounds (B-CD; ATB and Complex); AA: ascorbic acid). 
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Fig. 12: Reducing power assay: tested compounds (B-CD; ATB and Complex); AA: ascorbic acid 

 
Hydroxyl radical scavenging ability 
 

The effect of compounds on hydroxyl 

radicals was assayed by using the deoxyribose 

method described by Halliwell and Gutteridge (1981) 

[42].  
 

The results were summarized in the Fig 11 

demonstrated that the most effective for hydroxyl 

radical scavenging activity followed by compounds 
complex 80.13 ± 1.318% and compared with ascorbic 

acid at the same concentration (1mg/ml) the 

percentage of inhibition was 94.01 ± 0.72 %. 
 

Reducing propriety 

 

The reducing power of new compounds (β-
CD; ATB and complex) was assayed according to the 

method of Pulido et al (2000) [43]. The results was 

presented in Fig 12 reported that Complex has a high 

reducing property with percentage comparable to that 

of ascorbic acid and the percentage in the highest 

concentration (1mg/ml) is AA 68.22±1.55%; β-CD 

62.21±1.92%; complex 61.97 ± 1.72%; and ATB 

57.55 ± 1.26%. 

 

Ferrous Ion Chelating (FIC) Ability 

 

The extracts assessed for their ability to 

compete with ferrozine for iron (II) ions in free 
solution. The chelating ability of ferrous ions by 

various fractions was estimated by the method of 

Singh and Rajini [44].  

 

 

 
 

Fig. 13 Ferrous ion chelating (FIC) ability: tested compounds (B-CD; ATB and Complex); AA: ascorbic acid). 
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We reported in Fig 13; the ability of each 

compound in the different concentration to chelate 

ferrous ions. Our results showed that complex and β-

CD at high concentration (1mg/ml) are the most 

compound have ability to chelating ferrous ions with 
percentage of chelating respectively 68.47±1.33% 

and 66.99±1.54% comparable to that of standard 

(ascorbic acid) at concentration (1mg/ml) FIC% = 

90.4 ±0.36%. 

 

Our results aimed to show the antioxidant 

activity in vitro of new compounds (β-CD; ATB and 

Complex). Our data showed that ATB and the 

complex have an antioxidant character; this is 

demonstrated by scavenging DPPH radicals; 

scavenging ABTS radicals; hydroxyl radical 

scavenging; reducing power and ferrous ion chelating 
ability significantly to that of ascorbic acid.  

 

Conclusion  

 

Formation of inclusion compound of ATB 

with β-CD by co-precipitation method enhanced 

considerably the solubility. FT-IR; 1H NMR; 1H-1H 

NOESY; 13C NMR; DEPT; HMBC and COSY 

spectra study suggested the presence of interaction 

between ATB and β-CD in inclusion compound. 

FTIR and XRD have different characteristics when 
compared with free ATB;  thus ATB was efficiently 

complexed in the beta CD. In addition a specific 

rotatory powers data results suggest the formation of 

a stable complex of ATB and β-CD. UV-visible 

method indicates the formation of 1:1 stoichiometric 

inclusion compound. The apparent complexation 

constant (K1:1) calculated is 2 x 102 L /mol at room 

temperature. The solubility study; confirm that 

solubility is increased by complexation. The 

antioxidant activities of ATB and ATB/-CD complex 

were measured using the stable free radical and the 

results are shown in Fig 14. As shown in Fig 14; 
when the concentration of the ATB and inclusion 

compound was 0;25-1 mg/mL; the DPPH scavenging 

activity; OH radical scavenging ability; Reducing 

power and the Ferrous ion chelating (FIC) ability of 

the ATB/ -CD complex was higher than those of 

the ATB. These results confirm that the antioxidant 

activity of ATB was significantly increased by the 

formation of the inclusion compound with Beta CD.β 
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