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Abstract 
 
A series of gallic acid (3,4,5-trihydroxy benzoic acid)  derivatives are 
prepared by reactions of (3,4,5-trihydroxy benzoyl chloride) with NH2ArXY; 
where X, Y=(4′-Cl, 2′-Me(1)); (3′-Cl, 2′-Me(2)); (3′-Cl, 4′-Me(3)); (3′-Br(4)); 
(4′-Br(5)); (2′-Me, 5′-Me(6)) and (2′-Me, 4′-Me(7)). The new compounds were 
characterized spectroscopy, theoretically and an antioxidant study. Were 
AM1and PM3semi-empirical calculation methods were confirmed that the 
compounds existed as trans form. 
 
Keywords: Gallic Acid, Antioxidant Activity, Spectroscopy, Theoretical 
Study. 

 
 
Introduction 
An antioxidant is a compound that stops an oxidation reactions from occurring such 
as vitamin E which prevents radical reaction that can cause cell damage by terminate 
radical chain mechanism [1,2]. A free radical is a molecule with one or more unpaired 
electrons in the outer orbital. Many of these free radicals are in the form of reactive 
oxygen and nitrogen species, these can occur, due  to  oxidative  stress  brought about 
by the imbalance  of  the  bodily  antioxidant  defense system and free-radical 
formation [3]. Oxidative stress has been linked to cancer, aging, ischemic injury, 
inflammation and neurodegenerative diseases (Parkinson's and Alzheimer's). Reactive 
oxygen species(ROS) such as superoxide radical (CO2-), hydroxyl radical(OHC), 
peroxyl radical (ROOC) and nitric oxide radical(NOC), attack biological molecules 
such as lipids, proteins, enzymes, with aging, atherosclerosis   carcinogenesis [4] and 
may lead to the development of chronic diseases related to  the  cardio  and  
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cerebrovascular  systems [5]. Antioxidants at relatively low concentrations prevent or 
retard the oxidation of biological macromolecules [6]. Gallic acid (3,4,5-trihydroxy 
benzoic acid) ,is one of the most common phenolic acids. Gallic acid is known to 
have anti-inflammatory, anti-mutagenic, anticancer and antioxidant activity [7-13]. It 
also seems to have antifungal, antiviral [14] and antibacterial properties [15]. Gallic 
acid was found to show cytotoxicity against cancer cells without harming healthy 
cells, and it is used as a remote astringent in cases of internal haemorrhage. It has 
been found very beneficial in uterine, pulmonary, and nephritic haemorrhages. It is 
used to treat albuminuria and diabetes [14].All these properties make gallic acid a 
pharmacologically important used compounds.In our  present study, were perpered 
seven compunds derivatives of gallic acid and evaluted as antioxidant activities. 
 
 
Experperiment Work 
Preparation 
New seven compounds were parepared in this study based on literture [16,17].Gallic 
acid of amount of 0.01mole or its sodium salt is mixed with 0.01mole of thionyl 
chloride.The mixture is heated under a small refluxe condenser for 30 minutes then 
colded. A solution of 0.01mole of amine in 30ml ofbenzene is added, and the mixture 
is warmed on the steam bath for 20 minutes. The benzene solation is deconted into 
spearation funnel and washed successively with 2ml of water, 5 ml of 5% 
hydrochloried acid, 5ml of 5% sodium solation and 2ml of water. The benzene is 
evapoated and the amid  is recrystallized from water or ethanol to obtain the seven 
compound as described in Table 1. 
 

Table 1. Characteristic of compounds. 
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Comp. No. X Y Molecular weightYieldFormula form Color Melting point

1 4-Cl 2-Me 293 60 ClC14H12NO4 Brown 182oC 
2 3-Cl 2-Me 293 60 ClC14H12NO4 Brown 142oC 
3 3-Cl 4-Me 293 60 ClC14H12NO4 Brown 118oC 
4 3-Br H 324 65 BrC13H10NO4 Yellow 218oC 
5 4-Br H 324 65 BrC13H10NO4 Yellow 148oC 
6 2-Me 5-Me 273 70 C15H15NO4 Brown 195oC 
7 2-Me 4-Me 273 75 C15H15NO4 Brown 185oC 



Synthesis, Characterization and Antioxidant Study  151 

Physical Measurements 
The IR-spectra  were recorded on 9 SHMADZ 8400 FT-IR spectrophotometer. The 
melting points were measured by a Gallenkampointapparatus, and were uncorrected. 
The NMR spectra were also obtained in deutrated solation DMSO using Bruker 
300MHz.Type advance Mltrasheild instrument in central laboratories of the Institute 
of earth and environment scienceof the university of Al al-Bayt, Jordan. 
 
Theoretical Calculation 
All geometrical optimized carried out by AM1 and PM3 method. AM1 is an 
improvement over MNDO, even though it uses the same basic approximation. It is 
generally the most accurate semi-empirical method and is the method of choice for 
most problems. PM3 is a re-parameterization of AM1, which is based on the neglect 
of diatomic differential overlap (NDDO) approximation. NDDO retains all one-center 
differential overlap terms when Coulomb and exchange integrals are computed. PM3 
differs from AM1 only in the values of the parameters. The parameters for PM3 were 
derived by comparing a much larger number and wider variety of experimental versus 
computed molecular properties. Typically, non-bonded interactions are less repulsive 
in PM3 than in AM1. PM3 is primarily used for organic molecules, but is also 
parameterized for many main group elements.The AM1 and PM3 semi–empirical 
methods of  theHyperChem. 6.01 program were utilized to compute heat of formation 
(ΔH) [18-20]. All theoretical computations were performed in a Pentium IV PC. 
 
Determination of antioxidant activity 
Antioxidant activity of Gallic acid and its derivatives was determined according to the 
β-carotene bleaching [21-23] with the following modification. A solution of β-
carotene wasprepared by dissolving 2mg of β-carotene in 10ml of chloroform,1ml of 
this solution was then pipet into a round-bottom rotary flask containing 20mg of 
linoleic acid and 0.2g of Tween 20. After removing the chloroform under vacuum 
using a rotary evaporator at 30oC, 50 ml of aerated distilled water was added to the 
flask with manual shaking. Aliquots 5ml of this prepared emulsion were transferred 
into tubes containing 0.2ml of samples (Gallic acid,α-tocopherol, BHT, prepared 
derivatives and control consisted of 0.2 ml of methanol instead of the extract. As soon 
as the emulsion was added to each tube, the zero time absorbance was read at 
(470nm). The samples were then subjected to thermal autoxidation at 50oC in a water 
bath. Subsequent absorbance readings were recorded at 15min intervals until the color 
of the β-carotene in the control sample had disappeared at 105min. The extent of 
inhibition of the absorbance is related to the concentration of antioxidant compounds. 
All samples were taken in triplicate. The degradation rate of extracts was calculated 
according to zero order reaction kinetics. Antioxidant activity (AA) was calculated as 
percentage of inhibition relative to the control using the following equation: 
 

ܣܣ ൌ 1 െ ൬ೕି
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Where Aj: measured absorbance value of sample at zero time.At: measured 
absorbance value of sample after incubation (105min) at 50oC.Aj

*: measured 
absorbance value of control at zero time. At

*: measured absorbance value of control 
after incubation (105min) at 50oC. 
 
 
Results and Discussion 
In this work, Gallic acid derivatives have been prepared from the reaction of 3,4,5-tri 
hydroxyl benzoyl chloride with substituted aromatic amine H2NArYX as illustrated in 
Scheme 1. 
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Scheme 1. 
 
 
FT-IR Spectral Analysis 
The FT-IR spectrums of compounds were obtained and effective peaks were 
compounded with that of the standard Gallicacid. The FT-IR spectrum of the standard 
Gallic acid [24] contains thirteen major peaks at the range of  3307, 2960, 2931, 2831, 
2865, 1639,1509,1420,1453,1097,777,663, 602 &462cm-1whereas the FT-IR 
spectrum of the new compounds show new peaks at 3480-3419 cm-1 as a multiple 
band  related to the N-H bond of secondary amide in solid samples. Multiplied bands 
were observed since the amide group can bond to product dimmers with S-cis 
conformation (Fig.1) or polymers with an S-trans conformation (Fig.2) [25]. 
All the IR spectra of Gallic acid derivatives showed strong-medium bands at 1610-
1680cm-1 and 1590-1600cm-1which are the characteristicof the C=O and C=C ring 
stretching respectively. Strong band at 1400-1530 cm-1which is the characteristic of 
C-N stretching. 
O-H stretching band appears in the range 3300-3250 cm-1 as a broad band due to 
intermolecular hydrogen bond. 
A broad, medium band also absorbed in the 800-650cm-1 region which results from 
the out of plane N-H wagging. 
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Figure 1. S-trans form 
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Figure 2 S-cis form 
 
Theoretical Calculation 
AM1 and PM3 semi-empirical calculation methods have shown that the S-trans form is 
more stable than the S-cis form and the heat of formation of S-transis smaller than S-
cis form as a billeted in Table 2 . 
 
 
 
 

CN

x

y

OH

OH

OH

OH

C

HO

OH

OH

O

NH

x y



154  Hanan A .Alhazam et al 

Table 2. Heat of formation (ΔH) (kcal/mole) using AM1 and PM3 method. 
 

PM3AM1PM3AM1 Comp. No.
FormS-cisFormS-trans 
-125-120-100-101 1 
-126-124-102-100 2 
-118-115-104-101 3 
-109-102-103-99 4 
-127-125-124-120 5 
-109-103-102-99 6 
-108-103-102-98 7 

 
 
.1H NMR 
1HNMR spectra for thestudiedcompounds showsKetoform in the range of 10.2-
9.8ppm for H on N atom.Phenolic protons absorbed down field to the range of about 
9.9-9.5ppm.All spectra showed atripled signal in the region 6.93-6.91ppm due to the 
protons at  locations2and 6. The aromatic ring system showed multiplied signal with 
in the region 6.9-7.9ppm .1H NMR  data of these aromatic protons are summarized in 
Table 3. 
 

Table 3. Chemical shifts (ppm) and coupling constant (Hz) of aromatic protons for 
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Me H6′ H5′H4′H3′H2′X &Y Comp. No. 
2.1 7.60d, 

J5′6′=7.5 
7.20 d, 

J5′6′=7.5
_ 7.4 _ 4′-Cl, 

 2′-Me 
1 

2.2 7.19d, 
J5′6′=6.5 

7.18t, 
J4′5′=6.5

7.30 d,
J4′5′=6.5

_ _ 3′-Cl, 2′-Me2 

2.3 7.44d , 
J5′6′=7 

7.15d , 
J5′6′=7 

_ _ 7.80 3′-Cl, 
 4′-Me 

3 

_ 7.55d, 
J5′6′=6.5 

7.17t 
J4′5′=6.5

7.55d, 
J4′5′=6.5

_ 7.80 3′-Br 4 

_ 7.7d, 
J5′6′=7 

7.5d, 
J5′6′=7 

_ 7.50d,
J2′3′=7

7.70d,
J2′3′=7

4′-Br 5 

2.12 
2.34 

7.33 _ 6.85d, 
J 3′4′=7

7.09d
J3′4′=7

_ 2′-Me, 5′-Me6 

2.12 
2.34 

7.12d, 
J5′6′= 6.5 

7.02d, 
J5′6′= 6.5

_ 7.08 _ 2′-Me, 4′-Me7 
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Antioxidant Study 
β-carotene bleaching activity which is  used to assess the power of  the new prepared 
compounds as antioxidants, is presented in Fig.3 with the reference compounds,Gallic 
acid,α-Tocopherol and BHT. The linoleic acid free radical attack the highly 
unsaturated β-carotene. The presence of different antioxidants can hinder the extent of 
β-carotene bleaching by neutralizing the linoleate-free radical and other free radical 
formed in the system [23].Accordingly, the absorbance decreased rapidly in samples 
without antioxidant (control) whereas, in the presence of an antioxidant, samples 
retained their color, and thus absorbance, for a longer time. The antioxidant activity of 
the new compounds is shown in Table4. 

 
Table4.Antioxidant activity of prepared compounds (1-7) and α- Tocopherol, BHT 
and  Gallic acid as reference compounds. 

 
AAA*tA*JAt AJ Sample 
400.1780.6000.3760.629αTocopherol
330.1780.6000.3870.667BHT 
420.1780.6000.3890.631gallic acid 
450.1780.6000.3990.6301 
360.1780.6000.3450.6122 
430.1780.6000.4290.6663 
180.1780.6000.3060.6504 
290.1780.6000.3980.6975 
190.1780.6000.3320.6726 
7 0.1780.6000.3000.6927 

 

 
 

Figure.3. Antioxidant activity of prepared compounds (1-7) and α- tocopherol, BHT 
and Gallic acid as reference compounds. 
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Conclusion 
In new derivative compound, the highest antioxidant activity was observed  in 
compound  number 1, 3, 2, 5, 6, 4 and 7respectively. The compounds (Gallic acid 
derivatives) that have S-trans  forms are more stable than the S-cis form because the 
heat of formation of S-transis smaller than S-cis form. 
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