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ABSTRACT 

Synthesis of novel hydrazide-hydrazone derivatives viz., substituted 

Phenyl-acetic acid [4-(4'-fluoro-bi phenyl-4-ylmethoxy)-3-methoxy-

benzylidene]-hydrazide (9a–e) was achieved by condensation of the 

key intermediate aldehyde 4-[(4'-fluorobiphenyl-4-yl)methoxy]-3-

methoxybenzaldehyde  8 with various acetohydrazides 3a-e. The 

structural determination of the newly synthesized chalcone derivatives 

were established on the basis of the spectroscopic techniques viz., 
1
H 

NMR, mass and IR data. These compounds were evaluated for 

antibacterial screening against Gram positive (Staphylococcus aureus, 

Streptococcus pyogenes) and Gram negative pathogens (Escherichia 

coli, Pseudomonas aeruginosa) with reference to the standard drug  

Ampicillin (at 100μg/mL). It is observed that compounds 9a (R = H, ZI = 7-9 mm) and 9b (R 

= 3,5-dimethyl, ZI = 9-11 mm) displayed moderate antibacterial activity while the 

compounds 9c (R = 2-Cl-4-F, ZI = 12-16 mm), 9d (R = 4-NO2, ZI = 14-16 mm) and 9e (R = 

tetrahydrofuran, ZI = 15-18 mm) exhibited good antibacterial activity. 

 

KEYWORDS: Antibacterial activity, Biphenyl ring, Hydrazones, Hydrazide, Vanillin. 

 

1. INTRODUCTION 

The development of new antimicrobial drugs is a very important objective not only from the 

rapidly developing drug resistance point of view, but also regarding the unsatisfactory status 

of present treatments of bacterial and fungal infections and drug side-effects. In recent years 

there has been a great deal of interest in exploiting multiple proximal functional groups in the 
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design of novel structures capable of performing a variety of functions. Synthesis of 

molecules that are novel  but still resemble known biologically active molecules by virtue of 

the presence of some critical structural features is an essential component of the search for 

new leads in drug design. 

 

Many synthetic compounds with antimicrobial activity have been discovered and are of 

considerable importance from the standpoint of research and practical applications: 

Aminoglycosides
[1]

, Cephalosporins
[2]

, Lipopeptides
[3]

, Sulfonamides
[4-7]

, Macrolides
[8]

, 

Oxazolidinones
[9]

, Quinolones
[10]

, and Pyrimidines derivatives
[11]

. 

 

Biphenyl compounds are one of the valuable classes in the organic chemistry which 

constitutes structural moiety of various compounds with important medicinal properties. 

Some of the compounds having Biphenyl moiety possess valuable medicinal properties like 

antihypertensive and calcium channel blocker
[12,13]

. The molecules having Biphenyl moiety 

are also known to exhibit anti-inflammatory
[14]

, diuretic
[15]

, anti-diabetic
[16]

 activity. Some of 

the Biphenyl containing compounds possesses antipsychotic and anxiolytic activity
[17]

. Some 

of the Biphenyl hydrazide-hydrazone are known to exhibit very good antimicrobial 

activity
[18,19]

. 

 

Hydrazones embedded with azometine –NH-N=CH- proton represent an important class of 

compounds for a therapeutic drug development program in the branch of medicinal 

chemistry. These compounds possess diverse  biological and pharmacological properties such 

as cardio protective, antifungal, antiviral, antihelmintic, antimicrobial, anti‑inflammatory, 

analgesic, anticancer, antiplatelet, antimalarial, anticonvulsant, anti‑tubercular, antiprotozoal, 

anti‑trypanosomal, antischistosomiasis etc.
[20-22]

. Due to their biological and pharmacological 

properties, they are considered important for the synthesis of heterocyclic compounds
[23,24]

. In 

recent years, a number of hydrazone derivatives have been developed and evaluated for their 

antibacterial activity
[25,26]

.  

 

These reports prompted us to synthesize novel hydrazide-hydrazone derivatives (bearing 

vanillin and biphenyl moiety) viz., substituted Phenyl-acetic acid [4-(4'-fluoro-bi phenyl-4-

ylmethoxy)-3-methoxy-benzylidene]-hydrazide (5a – e) and evaluate for antibacterial 

activity. 
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2. MATERIALS AND METHODS  

The solvents were purified according to standard procedures prior to use and all commercial 

chemicals were used as received. For thin-layer chromatography (TLC) analysis, Merck pre-

coated Plates (silica gel 60 F254) were used and spots were visualized under UV light. Merck 

silica gel 60 (230-400 mesh) was used for flash column chromatography and the eluting 

solvents are indicated in the procedures. Melting point (mp) determinations were performed 

by using Mel-temp apparatus and are uncorrected. 
1
H NMR spectra were recorded in Varian 

MR-400 MHz instrument. Chemical shifts are reported in δ parts per million (ppm) 

downfield from tetramethylsilane (TMS) as internal standard reference and the signals were 

reported as s (singlet), d (doublet), dd (doblet of doblet), t (triplet), q (quartet), m (multiplet) 

and coupling constants are measured in Hz.  The mass spectra were recorded on Agilent ion 

trap MS and Infrared (IR) spectra were recorded on a Perkin Elmer FT-IR spectrometer. 

 

2.1. EXPERIMENTAL   

2.1.1   Preparation of 2-Aryylacetohydrazide derivatives (3a – e) 

To a solution of various substituted arylacetic acid 1a-e (7.35 mmol) in ethanol (20 mL) was 

added catalytic qty. of conc. H2SO4 and heated to reflux for 10 – 12 h. The reaction mixture 

was diluted with isopropylacetate (15 mL) followed by water (30 mL). The organic layer was 

washed with saturated NaHCO3 solution followed by water and brine solution and was dried 

over sodium sulphate, filtered and evaporated to obtain respective ethyl 2-arylacetate 

derivatives 2a-e. The crude compounds were utilized in the next step without any further 

purification. 

 

To the solution of ethyl 2-arylacetates 2a-e (3.04 mmol) derivatives in ethanol (7.5 mL, 

hydrazine-hydrate (21.30 mmol) is added and refluxed for 8 – 12 h. The reaction mixture was 

cooled to room temperature and filtered the precipitated solids and washed with pet-ether, to 

obtain the pure arylacetohydrazide compounds 3a-e. The percentage yields of the products 

varied from 85 – 90%.  

 

2-phenylacetohydrazide (3a) 

Off-white solid; Yield; 85%; M.p: 116-117
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.10 (d, J = 6.8 

Hz, 1H), 6.82 (d, J = 6.8 Hz, 2H), 6.70 (d, J = 6.6 Hz, 1H0, 5.80 (d, J = 6.6 Hz, 1H), 5.30 

(br.s, 1H), 3.56 (s, 2H);   
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2-(3,5-dimethylphenyl)acetohydrazide (3b)  

Pale brown solid; Yield: 88%; M.p.: 94-95
o
C; 

1
H NMR (400 MHz, CDCl3): δ 6.90 (s, 1H), 

6.82 (s, 2H), 6.70 (br.s, 1H), 3.90 (br.s, 2H), 3.50 (s, 2H), 2.40 (s, 6H);  

 

2-(2-chloro-4-fluorophenyl)acetohydrazide (3c)  

White solid; Yield: 82%; M.p.: 118-119
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.38-7.36 (m, 

1H), 7.18-7.14 (m, 1H), 7.02-6.97 9m, 1H), 6.70 (br.s, 1H), 3.90 (br.s, 2H), 3.60 (s, 2H); 

 

2-(4-nitrophenyl)acetohydrazide (3d) 

Yellow solid; Yield: 88%; M.p.; 167
o
C; 

1
H NMR (400 MHz, CDCl3): δ 8.20 (d, J = 3.0 Hz, 

2H), 7.42 (d, J = 2.6 Hz, 2H), 6.70 (br.s, 1H), 3.90 (br.s, 2H), 3.60 (s, 2H);  

 

2-(2,3-dihydrobenzofuran-5-yl)acetohydrazide (3e) 

White solid; Yield: 85%; M.p.: 112-113 
o
C; 

1
H NMR (400 MHz, CDCl3): δ 7.10 (s, 1H), 6.94 

(d, J = 7.2 Hz, 1H), 6.78 (d, J = 7.2 Hz, 1H), 6.62 (br.s, 1H), 4.58 (t, J = 5.8 Hz, 2H), 3.84 

(br.s, 2H), 3.42 (s, 2H), 3.18 (t, J = 5.8 Hz, 2H);   

 

2.1.2. Preparation of 4-Fluoro-4'-Methylbiphenyl (6) 

To a mixture of 1-iodo-4-methylbenzene 5 (1.0 g, 4.60 mmol), 2M sodium carbonate (5.52 

mmol), Palladium tetrakis (0.01 mmol) in 50% Toluene: Water   (10 mL) in sealed tube was 

added 4-fluorobenzene boronic acid 4 (0.71g, 5.06 mmol) and stirred at 110
o
C temperature 

for 10 h. After completion of  the reaction (monitored by TLC), the reaction mixture was 

cooled to room temperature and extracted with ethyl acetate and evaporated under reduced 

pressure to obtain the crude compound 6, which was used as such for the next step. 

 

2.1.3. Preparation of 4-(bromomethyl)-4'-fluorobiphenyl (7) 

To a stirred solution of compound 6 (1.0 g, 5.40 mmol.) in carbon tetrachloride (8 mL) was 

added N-Bromosuccinamide (6.50 mmol.) followed by AIBN (catalytic qty.) and heated to 

reflux for 2h.  The reaction mixture was filtered and the organic layer was washed with water 

(2 x 15 mL) followed by brine solution, dried over Na2SO4, filtered and evaporated under 

reduced pressure to obtain compound 7. White solid; Yield: 82%; M.P: 97-98 
o
C; 

1
H NMR 

(400 MHz, DMSO-d6): δ 7.70 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 9.6 

Hz, 2H), 7.28 (t, J = 9.6 Hz, 2H), 4.78 (s, 2H).   
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2.1.4. Preparation of 4-[(4'-fluorobiphenyl-4-yl)methoxy]-3-methoxybenzaldehyde  (8) 

To a solution of Vanillin (1g, 6.6 mmol.) in DMF (7 mL) was added potassium carbonate (1g, 

6.6 mmol.) followed by compound 7 (1.83g, 6.90 mmol.) at room temperature. The reaction 

mixture was heated to 90
o
C for 2 h. The reaction mixture was cooled to room temperature 

and diluted with isopropyl acetate (25 mL), the organic layer was washed with water (3 X 25 

mL) followed by brine solution (25 mL). The organic layer was separated, dried over 

anhydrous sodium sulphate, filtered and evaporated under reduced pressure to obtain the 

crude compound. The crude compound was purified by column chromatography (6 % EtOAc 

in n-Hexane), yielding compound 8. Yellow solid; Yield: 88%; M.P: 98-99 
o
C; 

1
H NMR (500 

MHz, DMSO-d6): δ 9.82 (s, 1H), 7.78-7.72 (m, 4H), 7.58 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 8.0 

Hz, 2H), 7.40 (s, 1H), 7.28 (t, J = 8.8 Hz, 2H), 7.22 (d, J = 8.4 Hz, 1H), 5.22 (s, 2H), 3.82 (s, 

3H); ESI-MS: m/z, 337.0 (M-1)
+
;
        

 

 

2.1.5. General experimental procedure for the synthesis of acetohydrazide-hydrazone 

derivatives (9a-e) 

To a stirred solution of compound 8 (0.30 mmol) in ethanol was added arylacetohydrazides 

3a-e, 0.30 mmol) and refluxed for 2-3h. The reaction mixture was cooled to room 

temperature and filtered the precipitated solids and washed with pet-ether, to obtain the pure 

compounds 9a-e. Yields of the products varied between 90 and 98%. 

 

Phenyl-acetic acid [4-(4'-fluoro-bi phenyl-4-ylmethoxy)-3-methoxy-benzylidene]-

hydrazide (9a) 

White solid; Yield: 84%; M.p.: 113-114
o
C; 

1
H NMR (500 MHz, DMSO-d6): 11.50 (* 11.22, 

s, 1H), 8.18 (* 7.90, s, 1H0, 7.74-7.70 (m, 4H), 7.50 (d, J = 7.6 Hz, 2H), 7.36-7.32 (m, 6H), 

7.22-7.04 (m, 4H), 5.20 (s, 2H), 4.0 (* 3.58, s, 2H), 3.82 (* 3.80, s, 3H); ESI-MS: m/z, 469.1 

(M+1)
+
;   

 

(3,5-Dimethyl-phenyl)-acetic acid [4-(4'-fluoro-biphenyl-4-ylmethoxy)-3-methoxy-

benzylidene]-hydrazide (9b) 

White solid; Yield: 80%; M.p.: 130-131
o
C; 

1
H NMR (500 MHz, DMSO-d6): 11.42 (* 11.40, 

s, 1H), 8.18 (* 7.84, s, 1H), 7.78-7.64 (m, 4H), 7.58 (d, J = 8.0 Hz, 2H), 7.38-7.26 (m, 3H), 

7.18-7.06 (m, 2H), 6.90 (s, 1H), 6.80 (d, J = 8.0 Hz, 2H), 5.20 (s, 2H), 3.98 (* 3.42, s, 2H), 

3.82 (* 3.80, s, 3H), 2.22 (s, 3H), 2.0 (s, 3H); ESI-MS: m/z, 497.1 (M+1)
+
;   
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(2-Chloro-4-fluoro-phenyl)-acetic acid [4-(4'-fluoro-biphenyl-4-ylmethoxy)-3-methoxy-

benzylidene]-hydrazide (9c) 

Pale yellow solid; Yield: 88%; M.p.: 109-111
o
C; 

1
H NMR (500 MHz, DMSO-d6): 11.50 (* 

11.38, s, 1H), 8.18 (* 7.90, s, 1H), 7.76-7.72 (m, 4H), 7.58 (d, J = 7.8 Hz, 2H), 7.50-7.40 (m, 

2H), 7.38-7.24 (m, 3H), 7.20-7.02 (m, 3H), 5.20 (s, 2H), 4.18 (* 3.70, s, 2H), 3.80 (s, 3H);  

ESI-MS: m/z, 521.1, (M+1)
+
;   

 

(4-Nitro-phenyl)-acetic acid [4-(4'-fluoro-biphenyl-4-ylmethoxy)-3-methoxy-

benzylidene]-hydrazide (9d) 

Yellow solid; Yield: 92%; M.p.: 109-111
o
C; 

1
H NMR (500 MHz, DMSO-d6): 11.40 (* 11.20, 

s, 1H), 8.18 (* 7.98, s, 1H), 8.22 (d, J = 8.2 Hz, 4H), 7.86 (d, J = 8.2 Hz, 4H), 7.64 (d, J = 7.6 

Hz, 2H),  7.60 (d, J = 7.6 Hz, 2H), 7.36 (d, J = 8.2 Hz, 1H), 7.20 (d, J = 8.2 Hz, 1H), 7.02 (d, 

J = 8.2 Hz, 1H), 5.20 (s, 2H),  4.10 (* 3.78, s, 2H), 3.84 (* 3.80, s, 3H); 

 

(2,3-Dihydro-benzofuran-5-yl)-acetic acid [4-(4'-fluoro-biphenyl-4-ylmethoxy)-3-

methoxy-benzylidene]-hydrazide (9e) 

White solid; Yield: 88%; M.p.: 122-123
o
C; 

1
H NMR (500 MHz, DMSO-d6): 11.40 (* 11.18, 

s, 1H), 8.18 (* 7.82, s, 1H), 7.76-7.66 (m, 4H), 7.58 (d, J = 8.0 Hz, 2H), 7.30-7.26 (m, 3H), 

7.18-7.08 (m, 3H), 7.0 (t, J = 8.2 Hz, 1H), 6.62 (dd, J = 6.8, 7.6 Hz, 1H), 5.20 (s, 2H), 4.50 (t, 

J = 8.2 Hz, 2H), 3.82 (* 3.80, s, 3H), 3.86 (* 3.40, s, 2H), 3.10 (t, J = 8.2 Hz, 2H); ESI-MS: 

m/z, 511.1 (M+1)
+
;   

 

2.2. ANTIBACTERIAL ASSAY 

The newly prepared compounds 9a-e were screened for their antibacterial activity against 

Escherichia coli (MTCC 443), Staphylococcus aureus (MTCC 96), Pseudomonas aeruginosa 

(MTCC 424) and Streptococcus pyogenes (MTCC 442) by disc diffusionmethod 
[27]

. A 

standard inoculums (1-2 10
7
 c.f.u./ Ml 0.5 McFarland standards) was introduced on to the 

surface of sterile agar plates, and a sterile glass spreader was used for even distribution of the 

inoculums. The discs measuring 6 mm in diameter were prepared from Whatman no. 1 filter 

paper and sterilized by dry heat at 130
o
C for 1 h. The sterile discs previously soaked in a 

known concentration of the test compounds were placed in nutrient agar medium. Solvent 

and growth controls were kept. Ampicillin (100 μg / mL) was used as positive control. While 

the disk poured in DMSO was used as negative control. The plates were inverted and 

incubated for 24 h at 37 
o
C. The susceptibility was assessed on the basis of diameter of zone 

of inhibition against Gram-positive and Gram-negative strains of bacteria. Inhibition zones 
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were measured and compared with the controls. The bacterial zones of inhibition values are 

given in Table 1. 

 

3. RESULTS AND DISCUSSION 

3.1. Chemistry 

The synthetic sequence for the synthesis of final compounds hydrazide-hydrazone derivatives 

9a-e and and hydrazide compounds 3a-e is given in the Scheme-2 and Scheme-1 

respectively. Esterification of arylacetic acid 1a-e was carried out in ethanol in presence of 

catalytic qty; of H2SO4 at reflux for 101-2h resulted in the corresponding 2-arylethylester 

derivatives 2a-e. Hydrazinolysis of 2a-e in presence of hydrazine-hydrate in ethanol at reflux 

8-12 h gave arylacetohydrazide compounds 3a-e in quantitative yields. Suzuki reaction of 1-

iodo-4-methylbenzene and 4-fluorobenzene boronic acid in presence of Pd(PPh3)4, 2M 

Na2CO3 in 50% toluene:water in sealed tube at reflux resulted in the formation of 4-Fluoro-

4'-Methylbiphenyl 6. Allylic bromination of compound 6 in presence of N-

Bromosuccinamide and catalytic qty; of AIBN in chloroform at reflux for 2h gave the desired 

product 4-(bromomethyl)-4'-fluorobiphenyl 7. Coupling of 7 with Vanillin in presence of 

potassium carbonate in DMF at 90
o
C for 2h resulted in the formation of the key intermediate 

4-[(4'-fluorobiphenyl-4-yl)methoxy]-3-methoxybenzaldehyde  8 in 88% yield. Condensation 

of aldehyde 8 with various acetohydrazides 3a-e in ethanol at reflux temperature resulted in 

the formation of hydrazide-hydrazone derivatives viz., substituted Phenyl-acetic acid [4-(4'-

fluoro-bi phenyl-4-ylmethoxy)-3-methoxy-benzylidene]-hydrazide (9a – e) 

 

The structures of the newly synthesized derivatives 9a-e were established by spectroscopic 

techniques like 
1
H NMR, mass and IR spectral data. All the synthesized hydrazide-

hydrazones derivatives 9a-e compounds were found to exist as a mixture of two rotameric 

forms in solution 
[28]

 e.g. antiperiplanar (ap) and synperiplanar (sp) as indicated by their 
1 

H 

NMR spectra. 

 

As a representative example, the 
1
HNMR of compound 9b is discussed here, the broad singlet 

at 11.42 (* 11.40 ppm) and 8.18 ppm (* 7.84 ppm) corresponds to the protons representing to 

–CO-NH- and -CO-NH-N=CH- groups respectively. The biphenyl and vallin ring protons 

appeared in the region 7.78 ppm – 7.06 (overlapped signals) while the 3,5-dimethyl phenyl 

ring appeared at 6.90 ppm (siglet, 1H) and 6.80 (doublet, 2H) respectively. The methylene 

protons flanked to biphenyl ring appeared at 5.20 ppm as singlet and the methylene proton 

attached to 3,5-dimethyl phenyl appeared at 3.98 ppm (* 3.42 ppm, singlet, 2H, rotameric 
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peaks). The methoxy protons appeared in the expected region at 3.82 ppm (* 3.42 ppm, 

singlet, 3H, rotameric peaks) and the methyl protons resonated at 2.22 ppm (3H) and 2.0 ppm 

(3H) as singlets. The mass spectrum of the compound 9b showed (M+1) peaks and is in 

agreement with the desired molecular ion (497.1, M+1). The mass spectra of the remaining 

compounds also showed desired (M+1) peaks, and are in agreement with their molecular 

formula. 

 

R

H
N

O

NH2

R

OEt

O

R

OH

O

1a. R = H
1b. R = 3,5-CH3

1c. R = 2-Cl-4-F
1d. R = 4-NO2

1e. R = tetrahydrofuran

2a. R = H
2b. R = 3,5-CH3

2c. R = 2-Cl-4-F
2d. R = 4-NO2

2e. R = tetrahydrofuran

3a. R = H
3b. R = 3,5-CH3

3c. R = 2-Cl-4-F
3d. R = 4-NO2

3e. R = tetrahydrofuran

a b

 

Scheme-1: Synthesis of arylacetohydrazide 3a-e 

 

Reaction conditions: a) conc;H2SO4, ethanol, reflux, 10-12 h; b) 2a-e, hydrazine-hydrate, 

ethanol, reflux, 8-12 h 

 
F

Br

F

B
HO OH

4

I

CH3

+

F

O

MeO

CHO

F

5

O

MeO

X

R

H
N

O

NH2

N

HN

O
R

3a-e
9a. X = F, R = H
9b. X = F, R = 3,5-CH3

9c. X = F, R = 2-Cl-4-F
9d. X = F; R = 4-NO2

9e. X = F; R = tetrahydrofuran

a b c

d

6 7 8

Scheme-2: Synthesis of substituted Phenyl-acetic acid [4-(4'-fluoro-bi phenyl-4-

ylmethoxy)-3-methoxy-benzylidene]-hydrazide (9a – e) 
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Reaction conditions: a) Pd(PPh3)4, 2M Na2CO3, Toluene:Water, 110
o
C, 10 h; b) NBS, 

AIBN, CCl4, reflux, 2 h; c) Vanillin, K2CO3, DMF, 90
o
C, 2h; d) Acetohydrazides 3a-e, 

Ethanol, reflux, 2-3h. 

 

3.2 Antibacterial activity  

The antibacterial results of the hydrazide-hydrazone derivatives  9a–e is tabulated in Table-1 

and the results are evaluated on the basis of zone of inhibition (ZI). Compounds with the 

following ZI is assigned as follows, weak activity (0-6 mm), moderate activity (7-11 mm) 

and good activity (12-18 mm).  Compounds 9a (R = H, ZI = 7-9 mm) and 9b (R = 3,5-

dimethyl, ZI = 9-11 mm) displayed moderate antibacterial activity while the compounds 9c 

(R = 2-Cl-4-F, ZI = 12-16 mm), 9d (R = 4-NO2, ZI = 14-16 mm) and 9e (R = 

tetrahydrofuran, ZI = 15-18 mm) exhibited good antibacterial activity when compared to the 

ampicillin as the standard drug (at concentration 100 μg / mL). It is worth mentioning that 

compound 9c, 9d and 9e with substitution R = 2-Cl-4F, 4-NO2 and tetrahydrofuran showed 

good antibacterial activity while the compounds with substitution R = H and 3,5-dimethyl 

showed moderate antibacterial activity. 

 

Table I: In vivo efficacy of Hydrazide-hydrazone derivatives 9a-e for demonstrating 

antibacterial activity against selected pathogens  

Compound 

No 

Gram negative bacteria Gram positive bacteria 

E.coli 

MTCC 443 

P.aeruginosa 

MTCC 424 

S.aureus 

MTCC 96 

S.pyogenes 

MTCC 442 

Zone of inhibition
a
 

9a 8 9 7 7 

9b 10 11 10 9 

9c 12 14 15 16 

9d 15 16 14 15 

9e 17 18 15 17 

Ampicillin ((100 

μg /mL) 
19 18 16 18 

Control 

(DMSO) 
- - - - 

a
Diameter of well (bore size)- 6 mm; 

 

4. CONCLUSION  

In conclusion, we have prepared some novel hydrazide-hydrazone derivatives 5a-e bearing 

vanillin and biphenyl ring moiety and these were screened for antibacterial activity.  Among 

the newly synthesized hydrazide-hydrazone derivatives, compounds 9a (R = H, ZI = 7-9 mm) 

and 9b (R = 3,5-dimethyl, ZI = 9-11 mm) displayed moderate antibacterial activity while the 
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compounds 9c (R = 2-Cl-4-F, ZI = 12-16 mm), 9d (R = 4-NO2, ZI = 14-16 mm) and 9e (R = 

tetrahydrofuran, ZI = 15-18 mm) exhibited good antibacterial activity when compared to the 

ampicillin as the standard drug (at concentration 100 μg / mL).  
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