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                The study focuses on the synthesis of  isatin- barbituric acid 

compounds through a two-step process. In the first step, using mannich 

reaction, new derivatives of Isatin are synthesized by reacting Isatin with 

either barbituric acid, along with formaldehyde. This reaction results in the 

formation of Isatin-barbituric acid derivative. In the second step, these Isatin 

derivatives are further reacted with various aniline derivatives to generate 

new compounds containing Isatin. Spectroscopic methods including FTIR, 
1H NMR, and 13C NMR are used to characterize the produced molecules. The 

study investigates the biological effects of several of the synthetic chemicals 

on certain bacterial strains, including Klebsiella pneumoniae and 

Staphylococcus aureus. The potential antibacterial activities of these 

substances are evaluated. 

INTRODUCTION 

               Isatin, also known as indenedione and indolequinone, is a chemical compound that 

is widely present in mammalian tissues and bodily fluids. It is a biologically active 

heterocyclic moiety with vivid biological and pharmacological properties. Isatis plants are 

found all over the world at different latitudes, and they contain indolic compounds that have 

demonstrated therapeutic effects (Zhou.e  et al.,2011 and Amr et al., 2006 ).  

              It has a nitrogen atom at position 1, two carbonyl groups at positions 2 and 3, and 

two carbonyl groups. In (Fig. 1) Two cyclic rings-one with six members and the other with 

five—make up its structure. Both rings have a planar shape. The six-membered ring is 

aromatic, in contrast to the five-membered ring, which is anti-aromatic. Using nitric and 

chromic acids, Erdmann and Laurent first isolated isatin as an indigo oxidation byproduct. 

Isatin and its various derivatives, derived from natural products, have been extensively 

employed in medicine for many centuries due to its substantial chemical and biological 

properties (Xiao. et al., 2002 and Hoessel, 1999). 

 
Fig. 1: Structure of isatin (1H-indole-2,3-dione). 

 

                  

http://www.eajbsc.journals.ekb.eg/
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              German chemist Adolph von Baeyer 

initially created the class of aromatic 

hydrocarbons known as barbituric acids in 

1864. (Baeyer, 1864). Fischer and von 

Mering discovered the ability of the first 

active barbituric acid compounds to put 

people to sleep in 1903. (Fischer et al., 

1924). In biology and medicine, barbituric 

acid derivatives have a significant impact. 

Barbiturates, which are derivatives of 

barbituric acid, are therefore employed as 

anticonvulsants, sedatives, and therapies for 

the central nervous system (Knabe et 

al.,1982 and Archana et al.,2003). Many 

biological properties, such as antioxidant, 

antiurease, and antibacterial ones, are present 

in barbituric acid derivatives (Sokmen, et al., 

2013). Moreover, the derivatives of 5-

benzylidene barbiturate exhibited inhibitory 

effects on both bacterial and mushroom 

tyrosinase (Yan et al.,2009). Barbituric acid 

derivatives had antibacterial, antifungal, and 

antidiabetic effects (Faidallah et al.,2012). 

              Barbituric acid that was recently 

produced showed immunomodulatory and 

anti-HIV properties (Naguib et al.,1993). 

Barbiturates also exhibit anticancer 

properties in melanoma (Dhorajiya  et al., 

2014 and Ramisetti et al.,2018). Recent 

research showed that brand-new barbituric 

acid compounds prevented male Wistar rats 

from developing NAFLD (Ma et al.,2011 

and Li et al., 2011).  

 
Fig. 2: Structure of Barbituric Acid. 

 

                A three-component condensation 

known as the Mannich reaction involves 

substrates with an active hydrogen atom 

(XeH), an aldehyde component (usually R1 -

CHO), and an amine reagent. These 

aminoalkylation reactions yield Mannich 

bases, which are the substrate derivatives 

created through aminoalkyl moiety 

substitution. If formaldehyde is used in place 

of the aldehyde component, an 

aminomethylation procedure transforms the 

substrate into the correct Mannich base. In 

the Mannich reaction, secondary aliphatic 

amines (R2NH) are the most commonly 

employed amine reagents. However, primary 

amines and even ammonia (as an ammonium 

salt) can be utilized for aminomethylations 

or aminoalkylations. In 1912 (Mannich  et 

al., 1912), Carl U. F. Mannich first reported 

on the reaction that occurs between in situ-

produced imines and enols, which produces -

amino carbonyl compounds.  

               In 1864, the world of science was 

introduced to Schiff's base, thanks to the 

efforts of German researcher Hugo Schiff. 

His pioneering work on the byproducts 

created when primary amines reacted with 

carbonyl compounds earned him this 

distinction (Chiff et al., 1864). Nowadays, 

the term "Schiff's base" is used to describe 

imines that have a hydrocarbyl group on the 

nitrogen atom (R2C = NR′) and are also 

known as Schiff bases. Although they're 

often thought of as just another type of 

azomethine, their unique composition sets 

them apart (Moss et al., 1997). Schiff bases 

can combine with the ions of transition 

metals to produce complexes. They perform 

as L-type ligands in these complexes, which 

are ligands with two electron donors that do 

not undergo electron modifications on their 

valence shells, similar to how amines, 

amides, and phosphines do (Lundgren et al., 

2016 ). These Schiff base derivatives can 

form mono-, di-, and polynuclear metal 

complexes with various metal ions. 
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Depending on the locations and quantity of 

electron-donating groups, these complexes 

act as monodentate, bidentate, or tridentate 

ligands (Naz et al., 2011 and Bukhari et 

al.,2005).   

MATERIALS AND METHODS 

               The Department of Chemistry at 

the University of Kufa utilized a Fourier 

transform infrared Alpha-Bruker infrared 

spectrophotometer from Germany to capture 

FTIR spectra. Meanwhile, the recording of 

nuclear magnetic resonance spectra was 

conducted with a Bruker ARX400 (FT, 400 

MHz for 1H; 100 MHz for 13C) by the 

Department of Chemistry at Basra 

University. The 1H and 13C NMR chemical 

shifts were referenced to the solvent 

resonance of DMSO-d6. Finally, the melting 

point was measured using an Electrothermal 

made in the United Kingdom. 

Synthesis of Compound B (Zhao et 

al.,2015): 

                Absolute ethanol (30 mL) was 

used to reflux a mixture of Barbituric acid 

(0.64g, 0.005 mol), formaldehyde (37%, 5 

ml, 0.06 mol), and Isatin (0.735g, 0.005 mol) 

for 6 hours. Once cooled slightly, an 

additional 5 ml of formaldehyde (37%, 0.06 

mol) was introduced to the mixture and then 

refluxed again for another 6 hours before 

being left overnight to stand. Throughout the 

reaction, TLC was utilized to monitor 

progress. Once the reaction reached 

completion, an ice bath was used to cool the 

resulting red solution, causing the formation 

of the brown precipitate. Using the smallest 

amount of absolute ethanol possible, we 

recrystallized the product resulting in a 

satisfying reddish orange product with a 

yield of 90.5%, totaling 1.3 g. Its melting 

point was between 193-195 degrees Celsius. 

The FT-IR cm-1 spectrum exhibited 

important peaks at 3361 (N-H), 2966 (C-H 

aromatic), 2908 (C-H aliph), 1699 (C=O), 

and 1610 (C=C). 

Synthesis of Compound D1: 

               Adding p-nitro aniline (0.057g, 

0.0005 mol) to compound B (0.143g, 0.0005 

mol) in a solution of 15 mL absolute ethanol 

(Scheme 2-4) proved effective. To the blend, 

a few drops of glacial acetic acid were 

incorporated, followed by reflux for 9 hours. 

Cooling this mixture prompted a precipitate, 

which was filtered and rinsed with ethanol. 

The resulting product was then recrystallized 

with ethanol, resulting in a dark yellow 

powder (yield: 88.3%, weight: 0.18g). Its 

M.P. was recorded at 258-260℃. 

Characterization was confirmed by FT-IR 

cm-1: with 3364 (N-H), 3087(C-H aromatic), 

2973 (C-H aliph), 1732 (C=O), 1683(C=N), 

1595(C=C) peak values.   

Synthesis of Compound D5: 

                 Using 15 mL of absolute ethanol, 

0.063g (0.0005 mol) of p-chloro aniline was 

mixed with 0.143g (0.0005 mol) of 

compound B already dissolved in absolute 

ethanol. The solution was acidified with a 

few drops of glacial acetic acid and then 

heated under reflux for 7 hours. Upon 

cooling, a precipitate was filtered and rinsed 

with ethanol. The yield of brown powder 

obtained through recrystallization with 

ethanol was 85.6% and measured at 0.17g. 

This product's melting point was between 

200-202℃, and its FT-IR cm-1 peaks for 

specific functional groups were as follows: 

3740 (N-H), 2972 (C-H aromatic), 2360 (C-

H aliph), 1701 (C=O), 1607 (C=N),1501 

(C=C). 

Study of Biological Activity:   
             Using the agar well diffusion 

method, the antibacterial properties of 

various compounds were tested against drug-

resistant strains. The prepared solutions D1 

and D5 were specifically screened for their 

effectiveness against Staphylococcus aureus 

(a 0.12g Gram-positive bacteria) and 

Klebsiela pneumonia (a  0.12gGram-

negative bacteria). To generate the culture, 

four fresh colonies were suspended in 5mL 

of BHIB and then placed in a 37°C incubator 

for 3 hours. Following incubation, the 

turbidity of the resulting culture was 

matched to the 0.5 McFarland standard - 

equivalent to a concentration of 1.5 X 108 

cells/ml. Finally, sterile cotton swabs were 

dipped into the solution for testing. Using a 

Mueller Hinton Agar tray, cotton swabs were 

dipped and then streaked across its surface.         
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The following step involved creating six 

holes, each with a diameter of 6 mm, using 

sterile cork Pore, Pores (Hudzicki et al., 

2009and C. et al.,2000). Subsequently, each 

compound was diluted to a concentration of 

100 and 200 µg mL-¹, at physiological pH 

(7). The prepared concentrated solutions of 

the aforementioned chemical compounds 

were then placed in the holes to determine 

their biological activity. The paten dish was 

thereafter incubated for 24 hours at 37 oC. 

For measurement of the effectiveness of each 

compound, the diameter of the inhibition 

zone was assessed using a ruler. The 

standard limits of sensitivity of the same 

species of bacteria against azithromycin 

were utilized for comparison purposes. 

Finally, this method was implemented to 

determine the success of each compound. 

RESULTS AND DISCUSSION 

Synthesis Of Isatin Linked-Barbituric 

Acid Compound (Mannich Reaction): 

                Isatin linked-barbituric acid 

compound (B) was synthesized by reacting 

isatin, formaldehyde and barbituric acid in 

absolute ethanol (Scheme 1). The resulting 

product was recrystallized from a minimum 

amount of absolute ethanol to yield orange 

powder with a yield of 90.5% yield. The 

melting point of the compound was found to 

be within the range of  (193-195)℃. 

 
Scheme 1: Synthesis of compound B. 

              

            According to a Mannich reaction, 

Scheme 2 depicts the reaction's mechanism. 

An intermediate iminium ion was created in 

the first step using substituted isatin and 

formaldehyde. Barbituric acid then binds to 

the intermediate to produce the end result.

 

 
Scheme 2: mechanism of synthesis of compound B. 
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Identification of Compound B: 

            Various wavenumbers were detected 

in the FT-IR spectrum of compound (B). The 

N-H stretching vibrations peaked at 3361 

cm-1 while C-H aromatic stretching 

vibrations appeared at 2966 cm-1. 

Additionally, C-H aliphatic stretching 

vibrations were registered at 2908 cm-1, and 

C=O stretching vibrations were measured at 

1699 cm-1. To round out the spectrum, C=C 

stretching vibrations were highlighted at 

1610 cm-1 as evidenced in Figure 3. 

 

 
Fig. 3: FT-IR spectrum of compound B. 

              

              Obtaining various signals confirmed 

the compound's identity. In Figure 4, the 1H 

NMR spectrum showed a singlet signal 

corresponding to (N-H) at (11.72) ppm in 

DMSO-d6. An assigned (CH2) doublet 

signal appeared at (4.72-4.59) ppm, while a 

broad peak (CH) group signal was detected 

at (5.09) ppm. Multiple hydrogen atoms of 

the aromatic ring range expressed in (7.15-

7.67) ppm. 

 
Fig. 4: 1HNMR spectrum of compound B. 
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Synthesis of Isatin Linked-Barbituric Acid 

Derivatives (Schiff bases) Compound (D1 

and D5): 

              Compounds (D1 and D5) were 

synthesized by reacting substituted aniline 

and compound (B) in absolute ethanol and a 

few drop from acetic acid (Scheme 3). The 

resulting product was recrystallized from a 

minimum amount of absolute ethanol to 

yield dark yellow powder with a yield of 

88.3% for compound  (D1), while compound 

(D5) obtained brown powder with a yield of 

85.6%. The melting point of the compound 

(D1) was found to be within the range of 

(258-261)℃, and (200-202) ℃   for 

compound (D5).
 

 
Scheme 3:  Synthesis of compounds D1 and D5. 

 

3-4 Identification of Compounds (D1 and 

D5): 

               Displayed in Figure 5 are the 

characteristic peaks of the compound (D1) 

found at various wavenumbers: 1732 cm-1 

for C=O stretching vibrations, 3364cm-1 for 

N-H stretching vibrations, 2973 cm-1 for C-H 

aliphatic stretching vibrations, 3087 cm-1 for 

C-H aromatic stretching vibrations, 1683 cm-

1 for C=N stretching vibrations, and 1595 

cm-1 for C=C stretching vibrations. The FT-

IR spectrum of compound (D5) revealed a 

set of peaks that characterized this 

compound at different wavenumbers. 

Among these were the C=C stretching 

vibrations at 1501cm-1, N-H stretching 

vibrations at 3740cm-1, and C-H aliphatic 

stretching vibrations at 2360 cm-1. 

Additionally, there were C-H aromatic 

stretching vibrations at 2972 cm-1, C=O 

stretching vibrations at 1701 cm-1, and C=N 

stretching vibrations at 1607 cm-1 (Fig. 6). 

 
Fig. 5: FTIR spectrum of compound D1. 
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Fig. 6: FTIR spectrum of compound D5. 

              

                The study of compounds (D1 and 

D5) with 1H NMR is consistent with its 

identity. The 1H NMR spectrum in DMSO-

d6 of compound (D1) (Fig. 7) showed a 

singlet signal appeared at (12.05) ppm 

expressed (N-H). Another singlet signal 

appeared at (8.05-6.79) ppm expressing the 

aromatic (C-H). Triplet signal appeared at 

(5.12-5.09) ppm for (C-H). A doublet signal 

appeared at (4.39-4.36) ppm for (CH2). For 

the compound (D5), The 1H NMR spectrum 

in DMSO-d6 showed a singlet signal 

assigned to (N-H) at (11.67)ppm, while 

signals assigned for (CH) of the aromatic 

ring at (7.69-6.72) ppm, triplet signal 

appeared at (5.09) ppm for (CH), while a 

doublet signal appeared and assigned for 

(CH2) group at (4.37-4.40) ppm  (Fig. 8).

 

 

 
                           Fig. 7: 1H NMR spectrum of compound D1. 
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                              Fig. 8: 1H NMR spectrum of compound D5. 

 

               

              In the 13C-NMR spectrum of 

compound (D1) obtained in DMSO-d6, 

several signals were observed at 

characteristic chemical shifts. The spectrum 

showed at (183.99-150.57) ppm a signal 

appeared assigned for (C=O) of barbituric 

acid. At (172.81) ppm another signal was 

assigned for (C=O) of isatin. The assigned 

signal for (C=N) appeared at (158.91)ppm. A 

signal noticed at (158.09-111.94)ppm was 

assigned for carbons of the aromatic ring. A 

signal appeared at (64.10) ppm assigned for 

(CH2). A signal assigned for (CH) appeared 

at (69.90) ppm (Fig. 9). For compound (D5), 

the spectrum showed at (184.43-150.76) 

ppm a signal appeared assigned for (C=O) of 

barbituric acid, while (C=O) of isatin ring 

appeared at (172.83)ppm. The assigned 

signal for (C=N) appeared at (158.93) ppm. 

At (158.03- 111.50) ppm a multiple signal is 

assigned for (C-H) of the aromatic ring. A 

signal was assigned for (CH) at (69.50) ppm, 

while a signal appeared at (64.10) ppm 

assigned for (CH2) (Fig. 10).

 

 

 
Fig. 9: 13C NMR spectrum of Compound D1. 
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Fig. 10: 13C NMR spectrum of Compound D5. 

 

3.5 Biological Activity of prepared 

compounds:  

            Using the modified Kirby Bauer disc 

diffusion method on Muller Hinton agar, we 

examined how susceptible pathogenic 

bacteria were to antimicrobial agents. Our 

approach involved measuring the diameter of 

inhibition zones around antibiotic discs in 

line with CLSI standards (2018). As part of 

our study, we subjected both (0.12) Gram-

positive (Staphylococcus aureus) and 

(0.12g)Gram-negative (Klebsiela 

pneumonia) bacteria to two compounds we 

prepared (D1, D5) (Fig. 11). 

           As shown in Table 1, the diameters of 

the inhibition zone for gram-positive bacteria 

highly sensitive to chemical compounds, 

namely D1 and D5, were 32 and 23 mm 

respectively. As for gram-negative bacteria, 

they displayed sensitivity to all chemical 

compounds. 

 

Table 1. Antibiotic susceptibility of the Gram-positive and negative isolates  0.12g/mol.  
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S.auruse  (D1)                                         

 
S.auruse (D5) 

 
Klebsiella paneumoniae (D1)                         

 
Klebsiella paneumoniae (D5) 

Fig. 11: Antibacterial activity of prepared compounds against( Staph aureus and   Klebsiella 

pneumoniae). 

              

             Studied in a variety of bacteria is the 

bacterial degradation of various compounds, 

with these materials being used as the sole 

source of carbon and energy. Proposed 

degradation pathways have also been 

characterized along with the corresponding 

enzymes and genes (Chengbin, et al.,2009). 

             Diverse isatin derivatives have 

undergone screening for potential as anti-

bacterial agents, with some exhibiting 

significant in vitro and in vivo efficacy. The 

treatment of bacterial infections presents a 

challenge, as germs continuously evolve new 

mechanisms of resistance; this has created 

demand for the development of new 

antibacterial methods   (  Liu, et al., 2022). 

The compounds developed in this study 

include a naturally occurring isatin moiety 

(D1 and D5), which may possess 

antibacterial properties due to its effects on a 

variety of enzymes, proteins, and receptors. 

             The incubation time, pH, 

composition of the culture medium, and 

growth in light or darkness affect the 

morphology and particle size, based on 

various chemical and physical parameters. 

Joerger, et al., 2000). 

               Because the cell walls of gram-

negative bacteria are more complex than 

those of gram-positive bacteria, Klebsiela 

pneumonia is less sensitive than s. aureus. 

The structure of gram-negative 

microorganisms cells is both structurally and 

chemically intricate, containing two layers 

outside the cytoplasmic membrane. This 

represents a greater physical barrier to 

overcome, giving it a tougher defense 

against invaders with a ranking of (Kong, et 

al.,2010 ).     Lipopolysaccharides found in 

the outer membrane of Gram-negative 

bacteria create a hydrophilic surface for the 

bacterium. The anionic groups present within 

the lipid components of lipopolysaccharide 

molecules, such as phosphate and carboxyl, 
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aid in the stability of the layer. This stability 

is upheld through electrostatic interactions 

with divalent cations (Helander, et al., 1997). 

CONCLUSION 

         It has been successfully proven by this 

research that Isatin-barbituric acid 

compounds can be synthesized using a two-

step process. During the first step, barbituric 

acid and formaldehyde were used together 

with the Mannich reaction to react with 

Isatin, resulting in the production of 

derivatives that contained both Isatin and 

barbituric acid. In the following step, a 

variety of aniline derivatives were used to 

react with the aforementioned derivatives, 

creating new compounds with Isatin 

included. The compounds that were 

synthesized were examined using 

spectroscopic strategies such as FTIR, 1H 

NMR, and 13C NMR, which provided crucial 

information about the compounds' 

connectivity and functional groups. The 

information gathered from these techniques 

enabled the identification and structural 

analysis of the compounds created. Some of 

the Isatin-based compounds synthesized in 

the study proved to have great promise as 

antibacterial agents. The evaluation of the 

potential antimicrobial properties of these 

compounds was carried out against specific 

bacteria strains such as Klebsiella 

pneumoniae and Staphylococcus aureus. The 

goal was to identify possible candidates for 

further development into effective 

antimicrobial agents. The biological activity 

assessment revealed that some of the 

synthesized compounds exhibited significant 

antimicrobial activity against the tested 

bacteria strains. Hence, the findings suggest 

that these Isatin-based compounds have the 

potential to be developed into highly 

effective antibacterial agents. 
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