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ABSTRACT 

A series of novel formazans were synthesized by multistep reaction 

starting from Gallic acid (3,4,5-trihydroxy benzoic acid). Gallic acid, 

after esterification, on reaction with hydrazine hydrate was converted 

into galloyl hydrazide. This intermediate compound  underwent Schiff 

reaction with different aromatic aldehydes to yield ten Schiff bases. 

This Schiff bases on condensation with diazonium salts of various 

substituted anilines yielded formazan derivatives. All the compounds 

were obtained in good yield in the range of 60-80%. Melting points of 

the synthesized compounds were determined by open capillary and are 

uncorrected. The purity of the compounds was checked using 

precoated TLC plates (MERCK, 60F) using chloroform: methanol  

(8:2) solvent system. The developed chromatographic plates were visualized under UV at 

254nm. IR spectra were recorded using KBr on Josco FTIR model 8400 spectrophotometer, 

1H NMR spectra in DMSO on a BRUKER FT-NMR instrument using TMS as internal 

standard. FAB mass spectra were recorded on JEOL SX 102 (DA-6000 mass Spectrometer) 

Data system using Argon (6KV.10MA) as the FAB gas. The Pharmacological screaning of 

all the synthesised compounds was performed to  test their analgesic, antiinflammatory and 

anticonvulsant activity. Also the designed compounds were screened for Antibacterial 

activity against Staphylococcus aureus and Escherichia coli and Antifungal activity against 

Aspergillus Niger in comparison with Ofloxacin and Fluconazole as standard to reveal the 

potency of synthesized derivatives. In accordance with the data obtained from 

Pharmacological and Antimicrobial screaning, all the synthesized Formazan derivatives have 

shown good Biological activity.  
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INTRODUCTION 

Gallic acid ( 3,4,5-trihydroxybenzoic acid) is a polyhydroxyphenolic compound and Found in 

various natural products, like gallnuts, sumac, tea leaves, oak bark, green tea, apple-peels, 

grapes, strawberries, pineapples, bananas, lemons, and in red and white wine1 and posses 

various biological activities these are antioxidant2,3, antimelanogenic activity4, antibacterial, 

antifungal and antiviral activities5, Neuroprotective properties, antidiabetic activity6, 

antimalarial7, anti-carcinogenic8, antimutagenic and anti-allergic9, Anti-inflammatory 

activity10, Induces apoptosis of tumor cells11, Direct inhibition of several enzyme activities12. 
 
Also Formazans have been found to possess important medical applications. Numerous 

reports have been found regarding the formazan and it’s derivatives for different 

pharmacological properties like, anti-inflammatory activity13 was shown by derivatives like 

Quinazolino Formazans. Antiviral activity14 was shown by 1,3,5 substituted phenyl 

formazans. Antimicrobial activity15,16,17  was shown by 3,1,5 substituted sulphonamidophenyl 

formazans, 2,1,4 substituted Formazans and 1,3,5 substituted formazans.  Anticonvulsant 

activity18  was shown by 1,1,3 substituted phenyl formazans. On the basis of above reports we 

coupled diazonium salts with Schiff bases of Gallic acid to yield Formazans. And it proved 

that this combination  resulted in a significant increase in Biological activities. 
 

MATERIALS AND METHODS 

All the chemicals used to synthesize the title compounds were of laboratory grade and 

purchased from S.D. Fine Chemicals and Sigma Aldrich. All the reactions were carried out 

under prescribed laboratory conditions. Melting points of the synthesized compounds were 

determined by open capillary and are uncorrected. The purity of the compounds was checked 

using precoated TLC plates (MERCK, 60F) using chloroform: n-butanol (7:3) solvent 

system. The developed chromatographic plates were visualized under UV at 254nm. IR 

spectra were recorded using KBr on Josco FTIR model 8400 spectrophotometer, 1H NMR 

spectra in DMSO on a BRUKER FT-NMR instrument using TMS as internal standard. FAB 

mass spectra were recorded on JEOL SX 102 (DA-6000 mass Spectrometer) data system 

using Argon (6KV.10MA) as the FAB gas. 
 

1. Synthesis of propyl gallate (Propyl 3,4,5-trihydroxy benzoate) 

In a round bottom flask 42g (0.246mol) of Gallic acid, 187ml (150g, 2.5mol) of propanol and 

5g (2.7ml) of conc. Sulphuric acid was taken. The mixture was refluxed for 4 hours. Excess 
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of alcohol was distilled off on a water bath and allowed to cool. Poured it slowly and with 

stirring on to 200g of crushed ice. Added sufficient ammonia solution to render the resulting 

solution strongly alkaline. Extracted the mixture with five 25 ml portion of ether, dry the 

combined ethereal extracts over MgSO4, removed the ether and distilled the residue under 

pressure.  

 
2. Synthesis of Galloyl hydrazide (3,4,5-trihydroxy benzoyl hydrazide) 

Propyl Gallate 21.2g. (0.1 mol) in 50ml ethanol and hydrazine hydrate 10ml (0.2 mol) were 

refluxed for 6 h. The excess of solvent was distilled off under reduced pressure using a 

vacuum pump. The cold residual mass was washed with distilled water, filtered and dried. 

The crude product obtained was recrystallised from methanol to yield 3,4,5-trihydroxy 

benzoyl hydrazide.  

 
3. Synthesis of Schiff bases(N’-substituted benzylidene 3,4,5-trihydroxy benzoyl 

hydrazide) 

2.26g. (0.01 mol) of Galloyl  hydrazide and 0.01 mol of aromatic aldehyde(4-nitro 

benzaldehyde & salicyladehyde) was dissolved in 30ml of ethanol, followed by addition of 2 

ml glacial acetic acid. The solution was refluxed for 6 hrs. Then cooled to room temperature 

and poured in to ice cold water. The solid product was collected through filtration and then 

dried in an oven at 80 ºC. The product was redissolved in ethanol for recrystallisation and 

then dried to give a product.  

 
4. Synthesis of diazonium chloride solution: 

0.02mol of aromatic amine (Aniline, PABA, Para amino phenol, Para nitro aniline) in 10 ml 

ml of glacial acetic acid and 6 ml of Conc. Hydrochloric acid was diazotized with 2 grams of 

sodium nitrite in 2ml water at 0-5o C. 

 
5. Synthesis of N-(substituted phenylamino)-N'-(3,4,5-trihydroxy benzamido) 

substituted benzamidine 

The diazonium chloride solution was added to the solution of N’-substituted benzylidene 

3,4,5-trihydroxy benzoyl hydrazide (0.1mol) in 10 ml of cold pyridine maintaining the 

temperature below 10°C. The reaction mixture was left overnight at room temperature. 

Thereafter it was poured into 250 ml of ice cold water with continuous stirring. The dark 

coloured solid mass which separated out was filtered, washed repeatedly with water and 

recrystallized from Petroleum ether: Benzene (80:20). 
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Figure-1  Scheme of Synthesis 

 
Table-1  Physical constants data of synthesized compounds 

Code Compound Name Mol. 
Formula 

Mol. 
Weight 

% 
Yield 

Melting 
point 

F-1 
4- Nitro, N- phenylamino - N'-(3,4,5-
trihydroxy benzamido) benzamidine 

C20H15N5O6 421.10 75 105oC 

F-2 4- Nitro, N-(4-carboxy phenylamino) - N'-
(3,4,5-trihydroxy benzamido) benzamidine 

C21H15N5O8 465.09 72 108oC 

F-3 4- Nitro, N- (4-hydroxy phenylamino) - N'-
(3,4,5-trihydroxy benzamido) benzamidine 

C20H15N5O7 437.09 69 115oC 

F-4 4- Nitro, N- (4-nitro phenylamino) - N'-(3,4,5-
trihydroxy benzamido) benzamidine 

C20H14N6O8 
 

466.08 71 106oC 

F-5 2 - hydroxy, N - phenylamino- N'- (3,4,5 -  
trihydroxy benzamido) benzamidine 

C20H16N4O5 392.11 74 114oC 

F-6 2 - hydroxy, N- (4-carboxy phenylamino)  - 
N'-(3,4,5-trihydroxy benzamido) benzamidine 

C21H16N4O7 436.10 78 124oC 

F-7 2 - hydroxy, N- (4-hydroxy phenylamino) - N'-
(3,4,5-trihydroxy benzamido) benzamidine 

C20H16N4O6 408.10 70 112oC 

F-8 2 - hydroxy, N- (4-nitro phenylamino) - N'-
(3,4,5-trihydroxy benzamido) benzamidine 

C20H15N5O7 437.09 73 118oC 
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SPECTRAL DATA OF SYNTHESIZED COMPOUNDS 

4- Nitro, N- phenylamino - N'-(3,4,5-trihydroxy benzamido) benzamidine(F1): IR (KBr 

in cm-1): 1698.02 (C=N Str); 3370 (-N-H Str); 1204.33 (C-N Str); 1134.9 (C-O Phenolic); 

3650.59 (O-H Str); 2965.98 (Ar.C-H Str); 1621.84 (Ar. C=C Str); 1698.02 (C=O Str); 

1281.47 (-N =N Str); 1559 & 1387 (N=O Str nitro). 1H NMR (DMSO, δ ppm): 5.035-

5.051 (m, 3H, C-OH), 6.71 (s, 1H, NH), 7.94-8.26 (m, 4H, Nitro Ar.H), 6.82-7.36 (m, 7H, 

Ar.H).  MS m/z, 420 [M+]. 

 
4- Nitro, N-(4-carboxy phenylamino) - N'-(3,4,5-trihydroxy benzamido) benzamidine 

(F2): IR (KBr in cm-1): 1628.59 (C=N Str); 3387.35 (-N-H Str); 1265.07 (C-N Str); 1212.04 

(C-O Phenolic); 3611.29 & 3387.25 (O-H Str); 3198.36 (Ar.C-H Str); 1597 (Ar. C=C Str); 

1628.41 & 1688.45 (C=O Str); 1319.07 (-N =N Str); 1541.81 & 1372.1 (N=O Str nitro). 1H 

NMR (DMSO, δ ppm): 5.03 (m, 3H, C-OH), 7.04 (s, 1H, NH), 7.52-8.30 (m, 4H, Nitro 

Ar.H), 6.81-6.84 (m, 7H, Ar.H); 10.21 (m, 1H, COOH).  MS m/z, 464 [M+]. 

 
4- Nitro, N- (4-hydroxy phenylamino) - N'-(3,4,5-trihydroxy benzamido) benzamidine 

(F3): IR (KBr in cm-1): 1693.19 (C=N Str); 3395.07 (-N-H Str); 1270.86 (C-N Str); 1211.08 

(C-O Phenolic); 3611.59 (O-H Str); 3197.04 (Ar.C-H Str); 1596.77 (Ar. C=C Str); 1630.52 

(C=O Str); 1321 (-N =N Str); 1539.88 & 1371.14 (N=O Str nitro). 1H NMR (DMSO, δ 

ppm): 4.99-5.02 (m, 4H, C-OH), 6.72 (s, 1H, NH), 7.70-8.22 (m, 4H, Nitro Ar.H), 6.69-7.02 

(m, 7H, Ar.H).  MS m/z, 435 [M+]. 

 
4- Nitro, N- (4-nitro phenylamino) - N'-(3,4,5-trihydroxy benzamido) benzamidine  

(F4): IR (KBr in cm-1): 1687.41 (C=N Str); 3324.68 (-N-H Str); 1160.94 (C-N Str); 1034.68 

(C-O Phenolic); 3640.95 (O-H Str); 3252.36 (Ar.C-H Str); 1588.09 (Ar. C=C Str); 1652.7 

(C=O Str); 1034.62 (-N =N Str); 1530.24 & 1332.57 (N=O Str nitro). 1H NMR (DMSO, δ 

ppm): 5.17-5.19 (m, 3H, C-OH), 7.04 (s, 1H, NH), 7.44-8.30 (m, 4H, Nitro Ar.H), 6.71-6.84 

(m, 7H, Ar.H).  MS m/z, 465 [M+]. 

 
2 - hydroxy, N - phenylamino- N'- (3,4,5 -  trihydroxy benzamido) benzamidine (F5): IR 

(KBr in cm-1): 1692.23 (C=N Str); 3279.36 (-N-H Str); 1299.79 (C-N Str); 1236.15 (C-O 

Phenolic); 3626.48 (O-H Str); 3155.67 (Ar.C-H Str); 1611.23 (Ar. C=C Str); 1642.98 (C=O 

Str); 1159.57 (-N =N Str).  1H NMR (DMSO, δ ppm): 4.96-4.99 (m, 4H, C-OH), 7.03 (s, 

1H, NH), 6.69-7.26  (m, 11H, Ar.H).  MS m/z, 391 [M+]. 
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2 - hydroxy, N- (4-carboxy phenylamino)  - N'-(3,4,5-trihydroxy benzamido) 

benzamidine (F6): IR (KBr in cm-1): 1692.23 (C=N Str); 3248.5 (-N-H Str); 1237.11 (C-N 

Str); 1237.11 (C-O Phenolic); 3646.73 (O-H Str); 3065.3 (Ar.C-H Str); 1607.38 (Ar. C=C 

Str); 1632.26 & 1692.23 (C=O Str); 1150.33 (-N =N Str).  1H NMR (DMSO, δ ppm): 4.96-

5.04 (m, 4H, C-OH), 7.03 (s, 1H, NH), 6.69-8.22  (m, 11H, Ar.H); 10.18 (s, 1H, COOH).   MS 

m/z, 435 [M+]. 

 
2 - hydroxy, N- (4-hydroxy phenylamino) - N'-(3,4,5-trihydroxy benzamido) 

benzamidine (F7): IR (KBr in cm-1): 1664.41 (C=N Str); 3282.25 (-N-H Str); 1269.9 (C-N 

Str); 1105.01 (C-O Phenolic); 3632.73 (O-H Str); 3092.44 (Ar.C-H Str); 1586.87 (Ar. C=C 

Str); 1634.38 (C=O Str); 1150.33 (-N =N Str).  1H NMR (DMSO, δ ppm): 5.17-5.19 (m, 

5H, C-OH), 7.02 (s, 1H, NH), 6.70-7.45  (m, 10H, Ar.H).   MS m/z, 407 [M+]. 

 
2 - hydroxy, N- (4-nitro phenylamino) - N'-(3,4,5-trihydroxy benzamido) benzamidine 

(F8): IR (KBr in cm-1): 1741.41 (C=N Str); 3281.29 (-N-H Str); 1269.9 (C-N Str); 1105.01 

(C-O Phenolic); 3625.52 (O-H Str); 3121.48 (Ar.C-H Str); 1586.16 (Ar. C=C Str); 1634.38 

(C=O Str); 1150.33 (-N =N Str); 1455.03 & 1327.75 (N=O Str nitro).  1H NMR (DMSO, δ 

ppm): 5.01-5.05 (m, 4H, C-OH), 7.05 (s, 1H, NH), 6.71-8.36 (m, 10H, Ar.H).   MS m/z, 435 

[M+]. 

 
BIOLOGICAL EVALUATION 

Anticonvulsant Activity (Maximum Electroshock Method) 

All the synthesized compounds were screened for their anticonvulsant activity using 

Electroconvulsiometer. Electro-convulsive shock, induce Hind Limb Tonic Extension (HLTE) 

in the animals. The electrical stimulus (50 mA; 50 Hz; 1-sec duration) was applied through 

ear-clip electrodes using a stimulator apparatus. Animals were divided into 10 groups of 3 

each. First group served as control and animals were treated with DMSO. Another group of 3 

mice were treated with reference or standard drug phenytoin (25mg/kg). Rest eight Groups of 

mice were pre-treated with test drug (50 mg/kg), and after 30 mins each group received the 

electroshock through ear-clip electrodes. The criterion for the anticonvulsant effect was 

considered the disappearance of HLTE within 10s after delivery of the electroshock. The 

results of determination of anticonvulsant activity are summarized in table No 2 with that of 

the standard drug. 
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Table 2 Anticonvulsant activity of the synthesized compounds 

Sl. No. Treatment Duration time in sec 
(mean) % protection 

1 Control 15.17 00% 

2 Std phenytoin 0.00 100% 

3 F-1 7.54 50.29% 

4 F-2 6.82 55.04% 

5 F-3 8.13 46.40% 

6 F-4 6.26 58.73% 

7 F-5 11.06 27.09% 

8 F-6 8.22 45.81% 

9 F-7 9.56 36.98% 

10 F-8 8.08 46.73% 

 
Analgesic Activity (Eddy’s Hot Plate Method) 

Overnight fasted male albino mice were placed individually on a thermostatically controlled 

heated metal plate (55oC) within a restraining perspex cylinder and the reaction time of each 

mouse was recorded. The mice showing initial reaction time of 10 sec or less were selected 

for this study and were divided into 10 groups (3 in each group). Group I served as control 

receiving DMSO, Group II received the standard drug pentazocine at the dose of 48mg/kg 

b.wt. Animals in Groups III to X were treated with the test drug at the dose of 50 mg/kg b.wt. 

Thereafter, the reaction time of each mouse was recorded at various intervals after the drug 

administration with a cut-off time of 15 sec. The increase in reaction time in drug-treated 

groups was compared with that of the control group. The results of determination of anlgesic 

activity are summarized in table No 3 with that of the standard drug. 

 
Anti-inflammatory activity: (Carrageenan induced rat paw oedema inhibition method) 

The rats were divided in to 10 groups of 3 animals each. Edema was induced by injecting 0.1 

ml of carrageenan (1 % w/v) in saline solution into the sub-plantar region of the left hind paw 

of the rats, 1 hr. after oral administration of compounds at 50 mg/kg,. The control group 

received DMSO as vehicle. Diclofenac (100mg/kg) was used as standard drug. The average 

volume of right hind paw of each rat was measured at 0.5th,1st, 3rd, 5th h after the injection of 

carrageenan by using pleythysmograph. The results of determination of anti-inflammatory 

activity are summarized in table No 4 with that of the standard drug. 
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Table 3 Analgesic activity of the synthesized compounds 

Sl.No Treatment Reaction time in minutes at 
0 min. 30 Min. 60 Min. 90Min. 120 Min. 150 Min. 

1 Ccontrol 3. 3.23 3. 3.35 2.2.47 2.2.14 2.2.51 2.2.54 

2 Pentazocin 2.56 7.02 12.54 13.06 10.25 6.23 

3 F-1 2.58 3.54 6.01 6.36 5.55 3.48 
4 F-2 2.57 3.26 5.42 6.01 5.06 3.11 
5 F-3 3.05 4.56 7.15 7.59 6.23 4.15 
6 F-4 3.16 3.55 5.58 6.25 5.17 3.26 
7 F-5 2.45 3.36 5.42 6.11 4.56 3.01 
8 F-6 2.55 3.51 6.03 6.54 5.22 3.33 
9 F-7 3.11 5.46 9.47 9.48 7.41 5.14 

10 F-8 3.14 4.01 6.22 7.08 6.16 3.58 
 
Anti-inflammatory activity 

.  
Table 4  Anti-inflammatory activity of the synthesized compounds: 

Sl. No. Treatment Paw volume at different time interval after 
Carrageenan  injection 
0 h 0.5 h 1 h 3 h 5 h 

1 CControl 0.05 0.15     0.40 0.43 0.49 
2 S  Diclofenac 0.05 0.07         0.13 0.20 0.11 
3 F-1 0.06 0.14 0.21 0.28 0.18 
4 F-2 0.05 0.10   0.20 0.29 0.21 
5 F-3 0.05 0.09 0.19 0.34 0.18 
6 F-4 0.06 0.10 0.19 0.31 0.17 
7 F-5 0.06 0.10 0.20 0.26 0.20 

8 F-6 0.05 0.12 0.19 0.27 0.19 
9 F-7 0.05 0.08 0.16 0.36 0.20 

10 F-8 0.06 0.09 0.23 0.33 0.22 
 
Antimicrobial activity 

The synthesised compounds were assayed for Antibacterial activity against Staphylococcus 

aureus and Escherichia coli and Antifungal activity against Aspergillus Niger in comparison 

with Ofloxacin and Fluconazole as standard. Stock solutions of the synthesized compounds 

and standard drug used were prepared in DMSO and taken in the concentration of 100 

µg/ml. 
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The Petri dishes were washed thoroughly and sterilized in hot air oven at 160o C for one 

hour. 30 ml of sterile nutrient agar media for bacteria and potato dextrose agar media for 

fungi was poured in to sterile Petri dishes and allowed to solidify. The plates were 

incubated at 37o C for 24 hours to check for sterility. The medium was seeded with the 

micro-organisms by pour plate method using sterile top agar (4 ml) containing 1 ml culture. 

The bores were made on the medium using sterile borer. Test compounds were dissolved in 

DMSO and 0.1 ml (100 µg/ml) of the different test compounds was added to the respective 

bores. 0.1 ml of Ofloxacin and fluconazole at a concentration of 100 µg/ml was taken as 

standard reference and 0.1 ml of DMSO was used as control. The Petri dishes were kept in 

refrigerator at 4o C for 15 minutes, allowing diffusion to take place. The Petri plates were 

incubated at 37o C for 24 hours for bacteria and 28oC for 48 hours for fungus. Zone of 

inhibition were observed and measured using a scale. The results of determination of 

antimicrobial activity are summarized in table No 5 with that of the standard drug. 

Table 5  Antmicrobial activities of the synthesized compounds 

Sl. 
no. 

 
Compound 
 
 

S.aureus E.coli Aspargillus Niger  
Zone of 
Inhibition 
(mm) 

% 
Inhibition 

Zone of 
Inhibition 
(mm) 

% 
Inhibition 

Zone of 
Inhibition 
(mm) 

% 
Inhibition 

1 F-1 8.8 44 8.3 42 10 40.6 
2 F-2 12.7 63.5 11.2 57.1 15.3 62 
3 F-3 11.6 58 10.9 56 9.5 38.6 
4 F-4 12.2 61 11.8 60 15.1 61 
5 F-5 9.9 49.5 9.2 46.9 12.3 50 
6 F-6 8.2 41 8.1 41 10.2 41 
7 F-7 11.8 59 9.2 46.9 14.6 59.3 
8 F-8 10.1 50.5 9.8 50 14.3 58.1 
9 Ofloxacin 20 100 19.6 100 -- -- 

10 Fluconazole -- -- --  24.6 100 
 
RESULTS AND DISCUSSION 

All the synthesized compounds were purified by successive recrystallization using ethanol. 

The purity of the synthesized compounds was checked by performing TLC. The structures of 

the synthesized compounds were determined on the basis of their FTIR and 1HNMR data and 

mass spectrum. The IR spectra of the synthesized compounds showed the presence of C=N 

stretching bands near 1665 cm-1, C-N  stretching bands near 1270 cm-1 and -N =N stretching 

frequencies  1150 cm-1 corresponding to Formazan compounds. 

 
The pharmacological and antimicrobial screening for synthesised formazans was carried out. 
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The analgesic activity was carried out by eddys hot plate method, the anti inflammatory 

activity was carried out by carrageenan induced paw oedema method and anti epileptic 

activity by MES model. The standard drugs used were pentazocine diclofenac sodium and 

phenytoin for analgesic, anti inflammatory and anticonvulsant activity respectively. 

Screening for antimicrobial activity was done by cup plate metod by using Ofloxacin and 

Fluconazole as standard. All the Pharmacological and microbiological data are summarised in 

Table No- 2 to Table No-5. 

 
In accordance with the data obtained from biological activity, all the synthesized Foamazans 

have shown good activity. Among these, compounds F-3 and F-7 having electron releasing 

groups on phenylamino ring  has shown good analgesic and antiinflammatory activity. 

Compounds F-2 and F-4 with more number of electron withdrowing group has shown good 

anticonvulsant and  antimicrobial activity. 

 
CONCLUSION 

In the  present study, series of formazan  derivatives from schff bases of gallic acid have been  

synthesized and confirmed through the spectral data. Further, they have been screened for 

various pharmacological activity studies like analgesic, anti inflammatory, anti epileptic  by 

various methods. Also screened for antimicrobial activity by cup plate metod. It was 

concluded that these synthesized compounds have the potential of being useful in the 

treatment of such disorders for which they have been screened in the present study.   
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