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ABSTRACT  

Background: The pro-oxidant molecules are reactive 

towards the cell organelles due to instability in their 

electronic composition. Thus, pro-oxidants interact with 

and cause damages to cell organelles. This damage can be 

prevented by antioxidant molecules as they neutralize the 

pro-oxidants and render them harmless. The ability of 

molecules to act as an antioxidant is exhibited by its 

chemical feature. Alpha tocopherol and its analogs are well 

established antioxidants. The antioxidants can be designed 

based on the structure of alpha tocopherol. Some research 

articles have compared the antioxidant properties of alpha 

tocopherol and small molecules with different heterocylic 

rings. In continuation to the development of small 

antioxidant molecules azaindole analogs have also been 

compared with alpha tocopherol. Azaindoles are a novel 

class of compounds that can be developed as antioxidant 

molecules based on their similarity with heterocyclic rings 

present in reported antioxidants. In the current research we 

have studied some azaindole related compounds and their 

antioxidant properties. Objective: The objective of this 

study is to study some 7-azaindole related compounds as 

antioxidants.  Materials and Methods: In this research work, 

small substituted azaindoles and related structures have 

been studied for their antioxidant properties by DPPH assay 

method. Results: The structure with Ketone and double 

bond functional group show antioxidant property in DPPHA 

assay. The presence of chlorine on aromatic ring increases 

the antioxidant property of azaindoles. Conclusion: 

Azaindole scaffold can be used to design and develop novel 

antioxidant molecules. 
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INTRODUCTION 

Antioxidants are the molecules that can quench the electronic imbalance of the pro-oxidants 

and render them nonreactive 1. Antioxidants have been classified based on their mechanism 

of action2, chemical features 3, and sources 4. These may neutralize pro-oxidants by hydrogen 

atom transfer, single electron transfer, sequential transfer of electrons, or chelation. The 

mechanism of antioxidants is dependent on their chemical features 5-7. Chemically 

antioxidants are classified into phenols, naphthols, hydroquinone, aromatic amines, 

aminophenols, quinines, nitrones, iminoquinones, nitroxyl radicals, metals, sulfides, 

phosphide, thiophosphate, diamines, hydroxy acids, hydroperoxides. Biochemically these 

work by different mechanisms inside a cell8. Phenols9, naphthols, hydroquinones, aromatic 

amines, and aminophenols have a proton that can be dissociated in a cellular setup. These 

antioxidants donate a proton and the liberated proton breaks the reactions initiated by pro-

oxidants. Such hydrogen donor antioxidants can be studied for their hydrogen bond 

dissociation energy. This relates to their efficacy as antioxidants. Quinines10, nitrones, and 

iminoquinones donate electrons to free radicals and stop the free radical chain reactions 

induced by pro-oxidants. Antioxidants containing sulfide11, phosphide, and thiophosphate 

neutralize hydrogen peroxide. They accept a proton from hydrogen peroxide and lead to the 

formation of a water molecule. Diamines, hydroxyl acids12, and dihydroxy compounds show 

antioxidant properties by chelating the pro-oxidants. Carotenoids13 and conjugated olefins 

neutralize reactive oxygen species (free radicals such as singlet oxygen (O•), superoxide 

radicals (O2
•), peroxyl (ROO•) and hydroxyl (•OH)by delocalizing the electron across the 

double bond14. Alpha-tocopherol, an established antioxidant was compared with the 

heterocyclic ring analogs15. Figure no.1 shows the structure of alpha tocopherol. 

 

Figure no. 1 Alpha tocopherol 

The natural antioxidant alpha-tocopherol acts by inhibiting free radical chain reaction in lipid 

peroxidation. It transfers a proton to the free radicals and thereby stops the chain reaction of 
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lipid peroxyl radical formation. Lipid peroxyl free radicals and lipid radicals are the major 

contributors to cellular damage. The structural composition is depicted in Figure 2. 

Aromatic ring/ringsPhenolic hydroxyl
 group

stabilization
 by resonance

General components of most of the phenolic antioxidant molecules
 

Figure no. 2 Structural features of phenolic antioxidants 

The hydrogen from the phenolic hydroxyl group is the key atom in the neutralizing pro-

oxidants.  Different phenolic hydroxyl group/s containing compounds such as alpha-

tocopherol, 4, 5, 6, and 7 inhibit chain propagation. The structures are exhibited in as shown 

in Figure no. 3. The ability of the phenolic group to transfer hydrogen can be considered as 

the efficiency of antioxidants in inhibiting chain propagation of free radicals in the biological 

system. This can be expressed in terms of H bond dissociation enthalpy. The antioxidants 

with lower O-H BDE (Bond Dissociation Energy) are generally more effective than the 

compounds with higher BDE. The effect of substitutes in the proximity of the phenolic OH 

group affects BDE. For example, electron-donating groups lower BDE as evident in structure 

4 of Figure no. 3. Simultaneously these electron-rich species decrease the ionization potential 

of phenols and improve their stability in air. Also, the results indicate that when electron 

density on the ring increases it increases the O-H bond dissociation enthalpy.  
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Figure no. 3 Different scaffolds studied for antioxidant effect15 

Another study reported that the presence of pyridine ring imparts basicity to the structures16. 

The basicity of the pyridinols of Figure no.4 was correlated to their antioxidant activities. 
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Figure no. 4 Compounds studied for their ability to inhibit autoxidation of styrene16 

 The introduction of nitrogen in the structure has been compared with ability of Pyridinols to 

release phenolic hydrogen. The introduction of Nitrogen increases the electron density of the 

rings and affects the basicity of the pyridinols. If the basicity of the compound increases, its 

BDE decreases. The dissociation constants of 1a, 1b,1c,1d, 2, and 3 indicate that there is an 

increase in basicity from one ring system to a fused ring system. This increases the 

antioxidant activities of mono pyridinols and fused pyridinols which can b observed as an 

increase in Kinh activity on methyl styrene autoxidations. But the compounds 2 and 3 have 

decreased aerobic stability due to increased electron density on the ring. This leads to 

decomposition even on slight heating. Despite having less stability their Kinh was better than 

compound 1a16. 

The antioxidant studies on azaindoles have been reported in a very few research works 

despite having a potent scaffold15,16.  The antioxidant activity of azaindole derivatives  shown 

in Figure no. 5 was reported by 2,2-diphenyl-1-picryl hydrazine (DPPH) assay. The oxidant 

scavenging potency of the azaindole derivatives followed the order 9h>9g>9c. Compounds 

with the electron-withdrawing group on the benzene ring show more activity than the 

compounds without it. Also, carbamates derivatives are better antioxidants than 

sulfonamides17. 
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Figure no. 5 Azaindole derivatives as antioxidants17 

Antioxidant properties of 7-Azaindoles in oxidative stress model has been reported using SH-

SY5Y neuroblastoma cells18. These cells were subjected to oxidative stress by administration 

of a stressor cocktail formed by rotenone plus oligomycin A (R/O). The antioxidant property 

of azaindoles was studied as the protection from oxidative stress. Figure no. 6 shows the 

molecules studied. 
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Figure no. 6 Structures studied for an antioxidant property18 
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Protection of SH-SY5Y neuroblastoma cells from oxidative stress gives a comparative 

antioxidant effect of these molecules. When compared to the standard drug melatonin, 

compounds 28 and 32 showed an improved protective effect. These structures have an N-

methylene aziridine group in common apart from the azaindole scaffold. The presence of 

bromine and methoxy groups both are electronegative and capable of electron-withdrawing 

effect and donating lone pair to the resonance stabilization. Methoxy group with 1 position 

phenyl substitution makes the compound 32 a better antioxidant than compound 28 and 

melatonin. 

The antioxidant properties of N-substituted derivatives of octahydro 6-azaindole has been 

reported in an in-vitro study19. Figure no. 7 shows tha compounds under study.  
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Figure no. 7 Compounds studied by Sekhar et al 19 

As reported the compound 13j shows comparable antioxidant properties and it can be related 

to the presence of the hydroxyl group. The phenolic hydroxyl group has been reported to play 

a role in antioxidant activity by dissociating hydrogen. But, if the hydroxyl group is present 
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along with a halogen the antioxidant activity diminishes. This can be seen in 13g. Though it 

has a hydroxyl group its antioxidant property is low. 

The above mentioned studies provide a strong reason for exploring antioxidant properties of 

Azaindole related compounds. Hence, Azaindole and its analogs which have not been 

reported in the above mentioned studies have been analyzed for their antioxidant property in 

this article. 

MATERIALS AND METHODS 

DPPH (2,2-Diphenyl-1-picrylhydrazyl) Assay 

DPPH assay was used to determine the free radical scavenging capacity of samples. DPPH 

solution (0.06% w/v) was prepared in 95% methanol with 24 hours incubation. The stock 

solution of samples (100mg/ml) was prepared using 95% methanol and water.100ul of 

freshly prepared DPPH solution and 2.5ul and 5 of the samples were pipetted out into 

separate test tubes. The test tubes were incubated for 30 minutes at room temperature, in the 

dark. The color change was measured by reading the absorbance 517nm. The experiment was 

performed in duplicates. The reference standard used was ascorbic acid and DPPH without 

any extract, was used as the control20.Table no.1 enlists the compounds analyzed for 

antioxidant property as compared to ascorbic acid. 

Table no. 1 Details of compounds for which DPPH Assay was performed 

S.N 
Cod

e 
Compound 

Mol 

Wt 

1.  a 7-Azaindole 118.17 

2.  b 5-Bromo-7-azaindole 197.03 

3.  c 7-Azaindole-3-carboxaldehyde 146.05 

4.  d Imidazole-2-carboxaldehyde 96.09 

5.  e 5-Bromor-7-azaindole-N-sufanilamide 352.21 

6.  f 3-(3,4-dimethoxyphenyl)-1-(1H-pyrrolo[2,3-b]pyridin-3-yl)prop-2-en-1-one 308.33 

7.  g 3-Acetyl-7-azaindole 160.17 

8.  h 3-(1H-indol-3-yl)-1-(1H-pyrrolo[2,3-b]pyridin-3-yl)prop-2-en-1-one 287.11 

9.  i 3-(2-chlorophenyl)-1-(1H-pyrrolo[2,3-b]pyridin-3-yl)prop-2-en-1-one 282.72 
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Figure no. 8 Structures of compounds for which DPPH assay was performed 

RESULTS 

The results of DPPH assay of 7-Azaindole and its analogs are shown in Table no. 2. 

Imidazole-2-carboxaldehyde was included in the library of compounds to find out whether 

one ring or fused ring system is better for the activity. 7-Azaindole showed a better 

antioxidant effect in aqueous extract than methanolic extract. Compounds with various 

substituents at different positions were taken for this study so that the effect of substituents 

can be compared. 
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Table no. 2 DPPH assay of compounds a-i 

 Methanolic Extract Aqueous Extract 

 Sample (250ng) Sample (500ng) Sample (250ng) Sample (500ng) 

Samp

le 

Absorba

nce 

(Avg) 

% 

inhibiti

on 

Absorba

nce 

(Avg) 

% 

inhibiti

on 

Absorba

nce 

(Avg) 

% 

inhibiti

on 

Absorba

nce 

(Avg) 

% 

inhibiti

on 

a 1.1545 42.275 1.23 38.5 0.954 52.3 0.9575 52.125 

b 1.1195 44.025 0.7335 63.325 1.133 43.35 1.181 40.95 

c 0.734 63.3 1.1495 42.525 1.1875 40.625 1.2435 37.825 

d 1.0785 46.075 1.2355 38.225 1.3395 33.025 1.264 36.8 

e 0.8565 57.175 0.9345 53.275 1.5145 24.275 1.287 35.65 

f 1.129 43.55 1.3865 30.675 1.1105 44.475 0.949 52.55 

g 1.1725 41.375 1.298 35.1 0.87 56.5 0.4865 75.675 

h 1.3185 34.075 1.555 22.25 1.362 31.9 1.525 23.75 

i 1.3945 30.275 0.7755 61.225 1.4345 28.275 0.837 58.15 

DISCUSSION 

Compounds b, c, e and showed an antioxidant effect in methanolic extract. The antioxidant 

effect for c and e decreased on increasing the concentration. Compounds a, g and i showed 

antioxidant activity in aqueous extract. The antioxidant effect of g and i increased upon 

increasing the concentrations. On comparing the results of aqueous and methanolic extract 

compounds i showed antioxidant activity in both solutions. This can be attributed to the 

ketone functional group and the double bond. These two functional groups are there in the 

compound as well but the presence of chlorine in the compound makes it a better antioxidant 

than h. So, the presence of an electron-withdrawing group plays an important role in the 

antioxidant activity. 

The ability to show antioxidant properties depends on the chemical features of the 

compounds. Pyridinols show antioxidant activity but are less effective as an antioxidant than 

hydroxyl azaindoles. The fused pyridinol scaffold was compared with the heterocyclic ring of 

alpha-tocopherol. This information along with the effect of substituents on the antioxidant 

property of azaindole can be used for designing novel antioxidants. Further studies on 7-

Azaindole without phenolic hydroxyl group reveal that though antioxidant property becomes 
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less but still can be retained by a combination of functional groups other than hydroxyl group. 

Derivatives of reduced 6-Azaindole show antioxidant properties due to the functional groups 

present. Here, the structure with hydroxyl group shows good antioxidant activity but the 

effect of halogen contributes adversely. 

CONCLUSION 

From this study, we conclude that the compound i shows antioxidant property in DPPH 

assay. The substituents on the 7-Azaindole can be modified to achieve antioxidant activity. 

The structures with a ketone functional group adjacent to a double bond show the antioxidant 

property. This may be due to tautomeric forms which cause stabilization of resonance 

structures. This research work encourages the scientists to endeavor in the area of developing 

antioxidants with different chemical features on 7-Azaindoles. Hence, this information can be 

used as the foundation for further ligand-based designing of novel 7-Azaindole antioxidants. 
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