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Abstract 

An azomethine organic ligand was obtained. The synthesis of 3'-([1,1'-biphenyl]-4,4'-diylbis(azanylylidene))bis(indolin-2-one) 

was accomplished by conventional and green protocols. Three methods have been implemented to obtain the compound. The 

ligand structure was established by NMR spectra, IR spectrum, UV-vis spectrum and elemental analysis. The comparative 

study of the experimental protocols was performed. The compound has antibacterial and antifungal activity. 

 

Rezumat 

Un ligand organic azometinic a fost obținut. Sinteza 3,3'-([1,1'-bifenill]-4,4'-diilbis(azaniliden))bis(indolin-2-onă) a fost 

realizată prin protocoale experimentale convenționale și ecologice. Trei metode au fost implementate pentru obținerea 

compusului. Structura ligandului a fost stabilită prin spectroscopie RMN, IR, UV-vis și analiză elementală. S-a efectuat un 

studiul comparativ al protocoalelor implementate. Compusul prezintă activitate antibacteriană și antifungică. 
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Introduction 

An important class of organic compounds are the Schiff 

bases. First time synthesis of these compounds was 

accomplished by Hugo Schiff [1]. Schiff bases also 

named imines are biologically privileged scaffolds 

in organic chemistry and important ligands for metal 

ions in inorganic chemistry [2]. 

Some of the complexes of Schiff bases with metals of 

d-block as well as with lanthanides metals serve as 

heterogeneous catalysts for:  the oxidation of alkanes, 

the epoxidation of alkenes and the oxidation of alcohols 

to carbonyl compounds [3], Suzuki reaction [4], and 

asymmetry synthesis [5, 6]. Due to the presence of the 

azomethine functional group many Schiff bases are 

used as analytical reagents for metal ion detection [7]. 

Schiff bases exhibits many pharmacological properties. Of 

these important are antibacterial activity [8, 9], antiviral 

effect [10, 11], antimalarial action [12], antifungal efficacy 

[13], anticancer therapy [14], antioxidant potency 

[15, 16], and anti-inflammatory efficiency [16-18]. 

The conventional synthesis of Schiff bases is achieved 

by condensation of carbonyl compounds, aldehydes or 

ketones, with primary amines. The reaction is reversible, 

takes place in an organic solvent medium under acidic 

or basic catalysis during heating [19, 20]. 

Unconventional methods have also been used to obtain 

Schiff bases. Of these we can mention microwave 

irradiation of the chemical medium containing solvent 

[16, 21] and solvent-free microwave irradiation [22, 23], 

ultrasound irradiation [24], and mechanochemical 

reactions [25-27]. 

We synthesized a Schiff base, 3,3'-([1,1'-biphenyl]-

4,4'-diylbis(azanylylidene))bis(indolin-2-one), starting 

from 1H-indole-2,3-dione and 1,1'-biphenyl-4,4'-diamine. 

The compound was obtained by conventional method 

without catalysts, and unconventional methods without 

catalysts in paste medium: microwave-assisted synthesis 

and mechanochemical route. 

 

Materials and Methods 

Materials 

All materials and solvents were obtained from Sigma-

Aldrich Chemie GmbH Germany and used without 

further purification. Ultraviolet-visible spectra were 

recorded in in 5 x 10-4 mol/L DMF solution using a 

Cary 50 UV-Vis spectrophotometer manufactured by 

Varian Inc.. The melting temperature of reagents was 

determined with a Gallenkamp digital melting point 

apparatus fabricated by Sanyo Electric Co. The infrared 

spectra were recorded with the help of an Alpha 

Bruker Optics spectrometer manufactured by Bruker 
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Optics GmbH. 1H-NMR spectra were acquired on 

Bruker Avance II spectrometer at 300 MHz in 

DMSO-d6. 13C-NMR analysis was performed using a 

Bruker Avance II spectrometer produced by Bruker 

Optics GmbH at 75 MHz with DMSO-d6 as solvent. 

The chemical shifts (δ) were recorded in parts per 

million (ppm), compared to the internal standard (TMS) 

and coupling constants (J) in Hz. The following 

standard abbreviations for signal multiplicity were 

used for the 1H-NMR spectra: s (singlet), sbr (broad 

singlet), d (doublet), t (triplet), q (quartet), spt (septet), 

m (multiplet), dd (double doublet), td (triple doublet). 

The melting point of the product was done by means 

of Setsys Evolution, Setaram TG-DTG 92-16 

thermobalance, Setaram Instrumentation Inc., under 

an air flow. Elemental analysis was performed with 

a Carlo Erba model 1106 elemental analyser, Carlo 

Erba SpA. A digital infrared IR laser thermometer 

version 900-En-00, Shenzhen Jumaoyuan Science 

and Technology Co., Ltd, was employed. A Rohnson 

P-2012 microwaves, Ronson International Limited, 

was utilized. A BOECO rotary evaporator RVO 400 

SD, Germany GmbH was utilized. An Extech EA10 

dual input digital thermometer, Extech Instruments 

Corporation from Nashua, New Hampshire (USA) 

was employed. A Vilber Lourmat UV lamp ( = 254 

nm) and CN6 darkroom for chromatographic plates, 

Vilber Lourmat Germany GmbH was employed.  

Conventional synthesis of 3,3'-([1,1'-biphenyl]-4,4'-

diylbis(azanylylidene))bis(indolin-2-one) 

4.32 mmol of benzidine and 2.16 mmol of isatin 

were dissolved in a 50 mL round bottom flask 

containing 20 mL of anhydrous methanol. The 

resulting solution is introduced in a silicone oil bath 

on a magnetic stirrer hot plate and refluxed for 1.5 h. 

The initial solution has pH of 6.5 and dark red 

colour. During the reaction, the solution changes its 

colour to orange. As the reaction product appears, it 

precipitates at the bottom of the balloon. After 

cooling to room temperature, the reaction medium is 

filtered, and the precipitate is washed with its own 

filtrate, and then washed with hot ethanol. The 

product is dried in an oven at 110°C for 4h. Orange 

crystals of product are obtained. The product is very 

thermally stable and has a very high melting point 

397°C, determined with the help of a Setsys 

Evolution, Setaram TG-DTG 92-16 thermobalance. 

Elemental analysis (calc./found): %C = 76.01 (76.00); 

%H = 4.07 (4.08%); %N = 12.66 (12.65) The same 

working protocol was used when other solvents were 

employed (Table I). 

Microwave synthesis of 3,3'-([1,1'-biphenyl]-4,4'-diylbis 

(azanylylidene))bis(indolin-2-one)  

In a Pyrex 10 mL beaker was introduced 4.32 mmol 

of benzidine and 2.16 mmol of isatin. A few drops 

of EtOH were added. The resulting paste was 

irradiated in a microwave oven ( = 12.2 cm) for 

required time (Table III). The resulting heterogeneous 

medium is mixed with 10 mL of hot ethanol and 

filtered off. The precipitate was purified by re-

crystallization from DMF-H2O to give the product. 

Mechanochemical synthesis of 3,3'-([1,1'-biphenyl]-

4,4'-diylbis(azanylylidene))bis(indolin-2-one) 

In to an agate mortar with pestle were introduced 

4.32 mmol of benzidine, 2.16 mmol of isatin, and a 

few drops of DMF (2 - 3 drops i.e. 0.1 - 0.2 mL). The 

mixture was grounded for required time (Table IV). The 

resulting medium is mixed with 10 mL of hot ethanol 

and filtered off. The product was recrystallized from 

DMF-H2O. 

In vitro antibacterial and antifungal screening 

The compound has been tested as an antibacterial 

against gram-positive and gram-negative bacteria. The 

test was performed on two gram-negative bacteria 

Escherichia coli and Pseudomonas aeruginosa and 

two gram-positive bacteria Bacillus cereus and 

Staphylococcus aureus.  

The anti-fungal activity of the compound was evaluated 

against two pathogenic fungi Aspergillus flavus and 

Candida albicans. 

All bacteria were grown on Mueller–Hinton agar 

plates at 37°C for 24 h and fungi were grown on 

Saburoud’s dextrose agar plates at 26°C for 48 h. 

Ciprofloxacin has been used as antibacterial drug 

reference and clotrimazole as antifungal reference drug.  

To choose the solvent for the study of the antibiotic 

activity of the compound, the solubility data from 

Table II are usefully. Dimethylformamide (DMF, 

Table II, entry 10) is a very good solvent for 3'-([1,1'-

biphenyl]-4,4'-diylbis(azanylylidene))bis(indolin-2-

one) and for the drugs used as reference.  

The compound was dissolved in DMF solutions with 

a concentration of 0.1%. The disk diffusion assay - 

Kirby Bauer method [22] was used. The diameter of 

the inhibition zones was measured. The relative 

percentage inhibition is determined using the following 

equation [23]: 
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where: P, relative percentage inhibition of the test 

sample; A1 [mm2], surface of inhibition of the tested 

compound; A2 [mm2], surface of inhibition of the 

solvent, A3 [mm2], surface of inhibition of the standard 

drug. The surfaces were calculated using the circle area 

formula, r2, where r is radius of inhibition zone. 

 

Results and Discussion 

The reaction between the carbonyl compounds and the 

primary amines by which the imine results is generally 

carried out by refluxing the mixture of reactants. The 

reaction is reversible. Mechanistically, this reaction 

takes place in two steps. First, nucleophilic addition 

of amino function to the carbonyl group occurs and 

a carbinolamine intermediate is formed. Second, the 
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carbinolamine loses a water molecule by an E2 

elimination reaction and forms the Schiff base. The 

second stage is the rate-limiting step of the reaction 

mechanism. The carbinolamine intermediate loses water 

through the acid or base catalysed pathways [2, 19].  

The water removal is important because the reaction 

is reversible. In order to accomplish this, the use of 

a Dean Stark apparatus or the use of a molecular 

sieve and dehydrating agents are useful. 

The new Schiff base ligand, 3,3'-([1,1'-biphenyl]-

4,4'-diylbis(azanylylidene))bis(indolin-2-one), 

results from the reaction of isatin with benzidine and 

has the structure depicted in Figure 1. 

 

 
Figure 1. 

Structure of 3,3'-([1,1'-biphenyl]-4,4'-

diylbis(azanylylidene))bis(indolin-2-one) 

 

Conventional synthesis 

In the conventional approach, the synthesis of 3,3'-

([1,1'-biphenyl]-4,4'-diylbis(azanylylidene))bis(indolin-

2-one) occurs in homogeneous medium. Both reagents, 

benzidine and isatin are dissolved in anhydrous methanol. 

The solution is heated to reflux temperature. 

The synthesis of the product was carried out under 

different experimental conditions. The molar ratio of 

the reactants follows the stoichiometry of the reaction, 

isatine:benzidine = 2:1. The synthesis of the Schiff 

base was carried out in different solvents involving the 

reflux of the solvent: water, lower alcohols, halogenated 

compounds and aromatic hydrocarbons. The best yield 

(90%) has been obtained when methyl alcohol is 

used as solvent for the reaction medium and 1.5 hours 

reaction time at reflux temperature. (Table I). The 

synthesis of the product does not require any catalyst. 

Table I 

Synthesis of 3,3'-([1,1'-biphenyl]-4,4'-

diylbis(azanylylidene))bis(indolin-2-one) by 

conventional method refluxing in solvent 

Entry Solvent Molar ratio Time 

[h] 

Yield 

[%] Isatin Benzidine 

1 H2O 2 1 3 0 

2 CH3OH 2 1 1.5 90 

3 C2H5OH 2 1 2 81 

4 n-C3H7OH 2 1 3 65 

5 i-C3H7OH 2 1 3 57 

6 CCl4 2 1 4 34 

7 C6H5CH3 2 1 4.5 40 

8 C6H5CH3
* 2 1 4.5 70 

9 CCl4
* 2 1 4 48 

10 Isooctane 2 1 3 0 

*Refluxing under Dean–Stark apparatus 

 

Solubility of reagents, isatin and benzidine, and the 

reaction product, Schiff base, 3,3'-([1,1'-biphenyl]-

4,4'-diylbis(azanylylidene))bis(indolin-2-one), has 

been studied in several solvents. It is observed that 

the reagents and product are completely insoluble in 

water (Table II, Entry 1) and for this reason the 

synthesis cannot be accomplished in aqueous medium 

(Table I, Entry 1). For the same reasons, product 

synthesis cannot be performed in isooctane, 0% 

yield (Table I, Entry 10). The alcoholic solvents 

dissolve the two reagents, benzidine and isatin, and 

precipitate the final product. They are good candidates 

for the conventional synthesis of our product (Table 

II, Entries 2-9).  

Methyl alcohol is a polar solvent having a moment 

dipole of 2.87 D and dielectric constant of 32.7, 

which allows it to solve very well the both reactants. 

Next, the Schiff base, which is insoluble in methanol, 

will precipitate out of the reaction medium, and the 

reaction as a whole becomes irreversible. The synthesis 

of the product accomplished in methanol gains a 

good yield (Table I, entry 2). 

We have also tried to remove the water from the 

reaction medium to increase efficiency. But, the use 

of a Dean–Stark distilling trap for removing water 

from the reaction medium in the case of solvents 

forming azeotrope, toluene (azeotropic boiling point 

77°C) and carbon tetrachloride (azeotropic boiling 

point 65°C), does not considerably increase the yield 

(Table I, Entries 8, 9).  

Finally, we wanted to perform the synthesis of the 

Schiff base ligand also in acetic acid medium at 

refluxing temperature. This organic acid is a polar 

protic solvent and a Brönsted acid. However, the 

heterocyclic structure of the isatin molecule does not 

resist at refluxing temperature of the reaction 

medium (118°C) to the attack of acetic acid and is 

destroyed. In these conditions, the synthesis of 

Schiff base cannot be carried out.  

Synthesis under microwave irradiation 

Electromagnetic microwaves are an unconventional 

alternative for activating chemical reactions, either in 

the presence of the solvent or in its absence. Recently, 

some Schiff bases have been prepared using microwaves 

in the presence of the organic solvent [16, 21] or in the 

absence of the solvent [22, 23]. Green chemistry or 

sustainable chemistry is the field which is oriented 

towards obtaining chemical products by ecological 

methods, which minimize the use and generation of 

materials dangerous for the environment. The activation 

of organic reactions using electromagnetic microwaves 

follows this line [28-30]. At the time, we showed that 

the activation of the chemical reaction using microwaves 

is due to the formation of hot spots in the reaction 

medium [28-33]. Starting from our previous experience 

[29, 30], we set out to obtain the product, 3,3'-([1,1'-

biphenyl]-4,4'-diylbis(azanylylidene))bis(indolin-2-

one), through a green method involving microwaves. 

The results obtained in the synthesis of the Schiff 

base under microwaves are shown in Table III. 
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Table II 

Solubility of reactants and product in different solvents 

Entry Solvent 

Solubility 
µ 

[34] 

 

[34] 
Benzidine Isatin Schiff base 

RT BS RT BS RT BS 

1 H2O insol spsol insol vspsol insol insol 1.87 78 

2 MeOH vsol vsol vsol vsol insol vspsol 2.87 32.7 

3 EtOH sol slsol sol slsol insol insol 1.66 24.55 

4 n-PrOH sol slsol sol slsol insol insol 3.09 20.33 

5 i-PrOH sol vsol sol vsol insol insol 1.66 19.92 

6 n-BuOH msol sol spsol msol insol insol 1.66 19.5 

7 i-BuOH sol slsol spsol sol insol insol 1.64 18.8 

8 t-BuOH msol slsol spsol sol insol insol 1.31 10.9 

9 Allyl alcohol sol slsol sol slsol spsol sol 1.52 20.3 

10 DMF vsol vsol vsol vsol vsol vsol 3.86 36.71 

11 DMSO vsol vsol vsol vsol vsol vsol 4.1 46.68 

12 1,4-Dioxane sol slsol sol slsol spsol vspsol 0.24 2.25 

13 THF vsol vsol vsol vsol insol insol 1.75 7.58 

14 PhNO2 vsol vsol vsol vsol sol vsol 4.02 34.82 

15 Me2CO vsol vsol vsol vsol insol insol 2.69 20.7 

16 AcOH vsol vsol vsol vsol insol spsol 1.68 6.15 

17 MeCOEt vsol vsol vsol vsol insol insol 2.78 18.5 

18 CHCl3 insol msol insol msol insol vspsol 1.15 4.81 

19 CCl4 msol sol vspsol msol insol vspsol 0 2.24 

20 C6H6 vsol vsol vspsol msol insol insol 0 2.27 

21 C6H5Me vsol vsol vspsol msol insol insol 0.43 2.38 

22 Heptane insol insol insol insol insol insol 0 1.92 

23 Isooctane insol insol insol insol insol insol 0 1.94 

RT-room temperature; BS – boiling solvent; sol – soluble; slsol - slightly soluble; vsol - very soluble; msol - moderately soluble; spsol - 

sparingly soluble l; vspsol - very sparingly soluble; insol – insoluble; µ - dipole moment of solvent[D];  - dielectric constant of solvent 

 

The synthesis occurs in a solvent-free heterogeneous 

medium without catalyst. The optimal synthesis time 

is 4 minutes at a microwave power of 600 W. Further 

increase in irradiation time does not improve the 

reaction yield. 

Table III 

Synthesis of 3,3'-([1,1'-biphenyl]-4,4'-

diylbis(azanylylidene))bis(indolin-2-one) under 

microwaves at 600W 

Entry 
Molar ratio Time 

[min] 

Yield 

[%] Isatin Benzidine 

1 2 1 2 35 

2 2 1 4 75 

3 2 1 6 94 

4 2 1 8 94 

 

Mechanochemical synthesis 

The solid state sometimes offers good conditions for 

carrying out chemical reactions [35, 36]. Chemical 

reactions can occur between reactants in solid state 

and through mechanical action on substances. 

Mechanochemistry is the science of the interface 

between mechanic and chemistry. The mechanical 

energy is transferred to the reaction medium by 

friction and milling [25, 26].  

In the laboratory, mechanochemistry is powered by 

grinding by hands or mill. Manual grinding is done 

in a mortar and pestle. The mechanical grinding is 

accomplished in a mixer, a shaker or a planetary mill 

with a frequency of 5-60 Hz [27]. 

We developed a solvent-less mechanochemical method 

for synthesis of Schiff-base, 3,3'-([1,1'-biphenyl]-4,4'-

diylbis(azanylylidene))bis(indolin-2-one). The reaction 

occurs into an agate mortar with pestle. The grinding 

of the two reagents, isatin and benzidine happens for 

45 minutes to get the Schiff base (Table IV). To 

trigger the reaction a few drops of DMF were added 

to the reaction medium. 

Table IV 

Mechanochemical synthesis of 3,3'-([1,1'-biphenyl]-

4,4'-diylbis(azanylylidene))bis(indolin-2-one) 

Entry 
Molar ratio Time 

[min] 

Yield 

[%] Isatin Benzidine 

1 2 1 15 25 

2 2 1 30 37 

3 2 1 45 50 

4 2 1 60 53 

 

The three methods of synthesis of Schiff base ligand 3,3'-

([1,1'-biphenyl]-4,4'-diylbis(azanylylidene))bis(indolin-

2-one) are summarized Table V. Synthesis under 

microwave provides the lower reaction time and also 

the greatest yield. From the Table V, it is clearly that 

the microwave activation is the simple way to access 

to the Schiff base. 
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Table V 

The compare of three methods of Schiff base ligand 

Method Reaction condition Time Yield [%] 

1 Conventional (reflux, 

MeOH) 

1.5 h 90 

2 Microwaves 6 min 94 

3 Mechanochemistry 45 min 50 

 

FT-IR spectrum 

The IR spectrum of 3'-([1,1'-biphenyl]-4,4'-diylbis 

(azanylylidene))bis(indolin-2-one) reveals the 

stretching vibration characteristic for band of Schiff 

base at 1613 cm-1. This is a very strong absorption of 

ν(C=N) azomethine group and demonstrates the 

formation of the desired reaction product. 

Table VI 

The electronic spectrum of the ligand 3,3'-([1,1'-

biphenyl]-4,4'-diylbis(azanylylidene))bis(indolin-2-one) 

Compound  max 

nm (cm–1) 

Transition max 

C28H18N4O2 

294 (34013) →* 6855 

440 (22727) n→* 2446 

694 (14409) →* 23 

 

A second band with a very strong intensity appears 

at 1738 cm-1 and is assigned to ν(C=O) stretching 

frequency. The broad bands between 3121 and 3236 

cm-1 is assigned to symmetric and asymmetric stretching 

valence vibrations of NH. This ν(NH) stretching 

vibration displays a medium intensity. The stretching 

vibration of ν(C-N) displays at 1285 cm-1 and has 

strong light infrared absorption, and ν(C=C) vibration 

occurs at 1462 and also exhibits a strong infrared 

light absorption. Below 900 cm-1 are found the 

vibrations of the benzenoid ring [37]. 

The most important absorption bands provided by 

the IR spectrum of this Schiff base and their 

intensities are the following: 577(s), 703(m), 729(s), 

746(s), 992(m), 1093 (s), 1285 (vs), 1462 (vs), 1487 

(vs), 1613(vs), 1651 (m), 1722 (s), 1738 (vs), 2796 

(vw), 2880 (vw), 3121 (w), 3169 (m), 3236 (m). (s = 

strong, m = medium, w = weak, vs= very strong, 

vw= very weak). 

NMR spectra 

As shown in Table II, the ligand is insoluble in many 

organic solvents and therefore it was a problem to 

find the suitable solvent for NMR spectra recording. 

Fortunately, this ligand dissolves very well at room 

temperature in dimethylsulfoxide (DMSO, Table II, 

entry 11) and therefore DMSO-d6 was used to record 
13C-NMR and 1H-NMR spectra. The absorption 

signals of the carbon atoms of the compound are 

recorded at 75 MHz using the J-modulated spin-echo 

experiment. Through spin-echo 13C-NMR spectroscopy, 

the peaks of the secondary and quaternary carbon 

atoms are located above the baseline, and the peaks 

of the primary and tertiary carbon atoms are located 

below the baseline of the spectrum [29, 30, 32, 37]. 

Our compound contains twenty-eight carbon atoms 

in the molecule. The molecule of the Schiff base is 

symmetrical having twelve carbon nucleus different 

magnetically. Of these, two carbon atoms are secondary 

and ten carbon atoms are tertiary. The twelve 

magnetically different 13C nucleus appear as twelve 

distinct peaks: ten peaks below the baseline and two 

peaks above the spectrum baseline (Table VII). The 

peak of the solvent DMSO-d6 displays at 39.5 ppm. 

Table VII 
13C-NMR chemical shifts (δ, ppm) of 3'-([1,1'-biphenyl]-4,4'-diylbis(azanylylidene))bis(indolin-2-one) 

Compound  

 
Carbon  

atoms 

C1,  

C1’ 

C2, C6 

C2’, C6’ 

C3, C5 

C3’, C5’ 

C4 

C4’ 

C7 

C7’ 

C8 

C8’ 

C9 

C9’ 

C10 

C10’ 

C11 

C11’ 

C12 

C12’ 

C13 

C13’ 

C14 

C14’ 

(δ, ppm) 126.8 121.7 118.3 134.3 148.3 115.7 127.4 114.2 126.1 120 125.2 111.4 

 

The 1H-NMR spectrum of Schiff base has been analysed. 

The peaks of the solvent DMSO are assigned at 2.55 

ppm (quintet) and 3.3 ppm. Pure dimethylsulfoxide 

always contains a small amount of water due to its 

strong affinity for water molecules. A small part of 

it, by isotope exchange with the solvent, becomes 

semi-deuterated water HOD. Therefore, in the 1 H-

NMR spectrum, besides the residual signal of di-

methylsulfoxide, it is also the singlet peak of H2O 

and the triplet due to HOD, 1:1:1. This signal is 

observed at 3.3 ppm. 

The 1H-NMR chemical shift range 0 - 13.5 ppm and 

expanded in the chemical shift region 6.4 - 8 ppm. The 

absorption peaks of protons are integrated. As can be 

seen the integral of the signal of the aromatic protons, 

 = 6.58 - 7.92 ppm, is I1 = 7.95, and the integral of 

the absorption signal of the proton of the region  = 

10.90 - 11.00 is I2 = 1. The ratio of the two integrals 

is identical to the ratio of the number of protons in the 

molecule (two protons in NH and sixteen protons on 

the four benzene rings): I1:I2 = 7.95:1  16:2. Thus, the 

structure of the Schiff base is again demonstrated by 

the number of hydrogen atoms that the ligand 

molecule contains. The absorption signal that appears 

at  = 10.90 - 11.00 ppm is due to the proton from the 

NH function. 
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Table VIII 

1H-NMR chemical shifts (δ, ppm) of 3'-([1,1'-biphenyl]-4,4'-diylbis(azanylylidene))bis(indolin-2-one) 

Compound  

 
Protons H1, H1’, 

H4, H4’ 

H6, H6’ H7, H7’ H8, H8’ H9, H9’ H2, H2’, 

H3’, H4’ 

H5, H5’ 

(δ, ppm) 6.58 - 6.82 6.89 - 6.95 7.01 - 7.13 7.14 - 7.20 7.36 - 7.51 7.63 - 7.92 10.90 - 11.00 

J (Hz) 9; 6 9; 6, 3 9; 6 9; 6;3 6; 3;  9; 6 - 

 

The sixteen aromatic protons form a very well 

represented massif. This massif includes four proton 

nuclei with nonequivalent magnetic nuclei AA’BB’. 

Such a spin system can be solved by computing. 

However, manual analysis can be performed if the 

system has sufficient number of detectable peaks 

[37]. We performed the 1H-NMR analysis of the 

Schiff base and the results are reported in the Table 

VIII. Nuclear magnetic resonance coupling constants 

show 3J = 9 Hz for vicinal protons coupled in cis, 4J = 

6 Hz for spin-spin couplings through four covalent 

bonds and 5J = 3 Hz for spin–spin coupling constants 

at large distances. 

Antimicrobial activity of 3'-([1,1'-biphenyl]-4,4'-

diylbis(azanylylidene))bis(indolin-2-one) 

The Antimicrobial activity of 3'-([1,1'-biphenyl]-4,4'-

diylbis(azanylylidene))bis(indolin-2-one) is presented 

in Table IX. 

Table IX 

Antimicrobial activity of 3'-([1,1'-biphenyl]-4,4'-diylbis(azanylylidene))bis(indolin-2-one). 

Relative percentage inhibition, P [%] 

Gram-positive bacteria Gram-negative bacteria Fungi 

Escherichia coli Pseudomonas 

aeruginosa 

Bacillus cereus Staphylococcus 

aureus 

Aspergillus flavus Candida albicans 

16 32 25 15 12 10 

 

The Schiff ligand 3'-([1,1'-biphenyl]-4,4'-diylbis 

(azanylylidene))bis(indolin-2-one) exihibits antibacterial 

and antifungal activity. However, the antifungal activity 

is weaker than the antibacterial one. The most intense 

effect was in the case of gram-positive bacteria 

Pseudomonas aeruginosa. 

 

Conclusions 

An efficient one pot synthesis of the Schiff ligand 3'-

([1,1'-biphenyl]-4,4'-diylbis(azanylylidene))bis-

(indolin-2-one) has been obtained. Three methods 

were developed: a conventional synthesis and two 

green synthesis - microwaves assisted synthesis, and 

mechanochemical synthesis. Using microwaves the 

synthesis occurs very quickly in heterogeneous medium 

and no catalyst is needed. The structure of the new 

ligand was confirmed by structural analysis. All the 

recorded spectra (IR, UV-vis, 1H- and 13C-NMR) were 

interpreted. Compound displayed mild antibacterial and 

antifungal activity against the tested microorganisms. 

 

Conflict of interest 

The authors declare no conflict of interest. 

 

References 

1. Schiff H, Mittheilungen aus dem Universitäts laboratorium 

in Pisa: Eine neue Reihe organischer basen. Justus 

Liebigs Ann Chem., 1864; 131(1): 118-119, (available 

in German). 

2. Qin W, Long S, Panunzio M, Biondi S, Schiff bases: A 

short survey on an evergreen chemistry tool. Molecules, 

2013; 18(10): 12264-12289. 

3. Man WL, Lam WWY, Yiu SM, Lau TC, Peng SM, 

Direct aziridination of alkenes by a cationic (salen) 

ruthenium(VI) nitrido complex. J Am Chem Soc., 2004; 

126(47): 15336-15337. 

4. Shuchun Z, Yifeng Y, Yue Z, Progress in synthetic 

methods of stilbene compounds. Chin J Org Chem., 

2013; 33: 1851-1873. 

5. Matsunaga S, Shibasaki M, Multimetallic Schiff 

base complexes as cooperative asymmetric catalysts. 

Synthesis, 2013; 45(4): 421-437. 

6. Abdi SHR, Kureshy RI, Khan NH, Mayani VJ, Bajaj 

HC, Dimeric & polymeric chiral Schiff base complexes 

and supported BINOL complexes as potential recyclable 

catalysts in asymmetric kinetic resolution and C–C 

bond formation reactions. Catal Surv Asia., 2009; 

13(2): 104-131. 

7. Eroglu E, Some QSAR studies for a group of 

sulfonamide Schiff base as carbonic anhydrase CA II 

inhibitors. Int J Mol Sci., 2008; 9(2): 181-187. 

8. Peng YL, Zhao ZG, Liu XL, Li GH, Microwave-assisted 

synthesis and biological activity of new Schiff bases 

derived from dimers of 4-amino-3-[3-(1-benzyl)indole]-

5-thiomethyl-1,2,4-triazole. Res Chem Intermed., 2013; 

39(4): 1897-1905. 

9. Theuretzbacher U, Accelerating resistance, inadequate 

antibacterial pipelines and international responses. Int J 

Antimicrob Agents, 2012; 39(4): 295-299. 

10. Jarrahpour A, Khalili D, De Clercq E, Salmi C, 

Brunel JM, Synthesis, antibacterial, antifungal and 

antiviral activity evaluation of some new bis-Schiff 



FARMACIA, 2023, Vol. 71, 1 

 115 

Bases of isatin and their derivatives. Molecules, 

2007; 12(8): 1720-1730. 

11. Kumar KS, Ganguly S, Veerasamy R. De Clercq E, 

Synthesis, antiviral activity and cytotoxicity evaluation 

of Schiff bases of some 2-phenyl quinazoline-4(3)H-

ones. Eur J Med Chem., 2010; 45(11): 5474-5479. 

12. Harpstrite SE, Collins SD, Oksman A, Goldberg DE, 

Sharma V, Synthesis, characterization, and antimalarial 

activity of novel Schiff-base-phenol and naphthalene-

amine ligands. Med Chem., 2008; 4(4): 392-395. 

13. Malik MA, Lone SA, Gull P, Dar OA, Wani MY, 

Ahmad A, Hashmi A, Efficacy of novel Schiff base 

derivatives as antifungal compounds in combination 

with approved drugs against Candida albicans. Med 

Chem., 2019; 15(6): 648-658. 

14. Bahrona H., Khaidira SS, Tajuddin AM, Ramasamy 

K, Yamind BM, Synthesis, characterization and 

anticancer activity of mono- and dinuclear Ni(II) and 

Co(II) complexes of a Schiff base derived from o-

vanillin. Polyhedron, 2019; 161(15): 84-92. 

15. Kumar M, Padmini T, Ponnuvel K, Synthesis, 

characterization and antioxidant activities of Schiff 

bases are of cholesterol. J Saudi Chem Soc., 2017; 

21(1): 322-328. 

16. Hanif M, Hassan M, Rafiq M, Abbas Q, Ishaq A, 

Shahzadi S, Seo, SY, Saleem M, Microwave-assisted 

synthesis, in vivo anti-inflammatory and in vitro 

anti-oxidant activities, and molecular docking study 

of new substituted Schiff base derivatives. Pharm 

Chem J., 2018; 52(5): 424-437. 

17. Alafeefy AM, Bakht MA, Ganaie MA, Ansarie MN, 

El-Sayed NN, Awaad AS, Synthesis, analgesic, anti-

inflammatory and anti-ulcerogenic activities of certain 

novel Schiff’s bases as fenamate isosteres. Bioorg 

Med Chem Lett., 2015; 25(2): 179-183. 

18. Biswa MS, Subas CD, Ravi K, Jnyanaranjan P, Pathik 

SB, Design, green synthesis, and anti-Inflammatory 

activity of Schiff base of 1,3,4-oxadiazole analogues. 

Lett Drug Des Discov., 2014; 11(1): 82-89. 

19. Dalia SA, Afsan F, Hossain S, Khan N, Zakaria CM, 

Kudrat-E-Zahan, Ali M, A short review on chemistry 

of Schiff base metal complexes and their catalytic 

application. Int J Chem Stud., 2018; 6(3): 2859-2866. 

20. Sani U, Naibi HU, Dailami SA, In vitro antimicrobial 

and antioxidant studies on N-(2-hydroxylbenzylidene) 

pyridine 2-amine and its M(II) complexes. Nig J Basic 

Appl Sci.,2017; 25(1): 81-86. 

21. Shi Z, Zhao Z, Microwave irradiation synthesis of 

novel indole triazole Schiff base fluorescent probe for 

Al3+ ion. Inorganica Chim Acta, 2019; 498: 119135. 

22. Joshi AG, Jadhav SA, Vaidya SR, Simple and efficient 

synthesis of novel chromone/benzimidazole/benzo-

thiazole hybrid heterocycles. Heterocycl Lett., 2017; 

7(2): 303-311. 

23. Ozturk G, Colak M, Demirel N, Solvent‐free synthesis 

of chiral Schiff‐base ligands based on ferrocene under 

microwave irradiation and application to enantioselective 

nitroaldol (Henry) reaction. Chirality, 2011; 23(5): 

374-378. 

24. Meiyi W, Zhengming L, Yonghong L, Microwave and 

ultrasound irradiation-assisted synthesis of novel 5-

Schiff base substituted benzenesulfonylurea compounds. 

Chin J Org Chem., 2010; 30(6): 877-883. 

25. Leoni L, Carletta A, Fusaro L, Dubois J, Tumanov 

NA, Aprile C, Wouters J, Cort AD, A simple and 

efficient mechanochemical route for the synthesis of 

salophen ligands and of the corresponding Zn, Ni, 

and Pd complexes. Molecules, 2019; 24(12): 2314. 

26. Tigineh GT, Wen YS, Liu K, Solvent-free mechano-

chemical conversion of 3-ethoxysalicylaldehyde and 

primary aromatic amines to corresponding Schiff-

bases. Tetrahedron, 2015; 71(1): 170-175. 

27. Wang GW, Mechanochemical organic synthesis. Chem 

Soc Rev., 2013; 42(18), 7668-7770. 

28. Brătulescu G, Bigot Y, Delmas M, Pogany I, Synthesis 

of phenolic ethers in heterogenic media: solid-liquid, 

liquid-liquid or in the presence of microwaves. Rev 

Roum Chim., 1998; 43(4): 321-326. 

29. Brătulescu G, Synthèse d’azoéthers aromatiques par 

réaction de Williamson réalisée en milieu homogène et 

en milieux hétérogènes: solide-liquide, liquide-liquide 

et sous l'action de micro-ondes électromagnétiques, 

PhD Thesis, UPB Bucharest (Romania) & Institut 

National Polytechnique de Toulouse (France), N°1158, 

1996;.8, (available in French). 

30. Cimpoiașu VM, Pălărie I, Brătulescu G, Dascălu C, 

Rotaru P, The optical birefrigerence study of [4-(4-

chlorobenzyloxy)-3-methylphenyl] (p-tolyl) diazene 

dye. UPB Sci Bull, Series A, 2021; 83(4): 205-216. 

31. Brătulescu G, A new and efficient one-pot synthesis 

of indoles. Tetrahedron Lett., 2008; 49(6): 984-986. 

32. Brătulescu G, Thèse d'Habilitation à Diriger des 

Recherches, Université Paul Sabatier, France, 2018. 

33. Brătulescu G, 9- Alkylacridine synthesis using 2,2-

dimetoxypropane as water scavenger. Heterocycles, 

2014; 89(8): 1877-1884. 

34. ***The Merck Index. An encyclopedia of chemicals, 

drugs, and biologicals, Centennial edition, 11ed, 

MERCK & Inc., U.S.A., 1989. 

35. Brătulescu G, Organic chemistry, non-convetional 

methods, Ed. Sitech, Craiova, 2008; 35 (available in 

Romanian). 

36. Takacs L, Quicksilver from cinnabar: The first 

documented mechanochemical reaction?. JOM, 2000; 

52(1): 12-13.  

37. Brătulescu G, Introduction to spectroscopy of organic 

compounds, Ed. Sitech, Craiova, 2009; 38, 79, 270, 

240 (available in Romanian). 

38. Joseyphus RS, Nair MS, Antibacterial and antifungal 

studies on some Schiff base complexes of Zinc(II). 

Mycobiology, 2008; 36(2): 93-98. 

 

 

 

 


