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 Abstract: Isatin is a unique compound with many bioactivities such as antiviral, anti-
HIV, antitumor, anti-inflammatory, anticonvulsant, and antifungal. In this study, isatin 
derivatives were synthesized with an iodine catalyst and tested for antibacterial and 
antioxidant activities. Isatin derivatives were conducted through a Knoevenagel 
condensation reaction between isatin and malononitrile. The products were confirmed by 
thin-layer chromatography, melting point apparatus, FTIR, UV-vis spectroscopy, and 
LC-MS. The optimum reaction conditions were obtained at 10% mol of catalyst, at boiling 
point ethanol solvent for 30 min. The yield of the isatin derivative products was 71% (3a), 
61% (3b), and 67% (3c). The antibacterial activities of the synthesized compounds were 
weak activity against S. aureus and E. coli. The antioxidant activity test resulted in IC50 
values of 266.47, 220.43, and 654.85 ppm for compounds 3a, 3b, and 3c, respectively. The 
synthesis method using an iodine catalyst in this reaction offers a higher product yield 
compared to a catalyst-free reaction. 

Keywords: isatin; Knoevenagel condensation reaction; iodine catalyst; antibacterial; 
antioxidant 

 
■ INTRODUCTION 

Heterocyclic compounds have recently been widely 
researched and developed in the medical field because 
these compounds are the core structure of many drugs 
used in medicine [1-2]. In addition to the widely available 
heterocyclic compounds, they also have significant 
chemical, biological, and technical applications [3]. 
Heterocyclics can be found in natural materials, such as 
vitamins, hormones, antibiotics, and alkaloids, as well as 
drugs, herbicides, dyes, and other products, such as 
corrosion inhibitors and stabilizer agents [4-6]. One of the 
heterocyclic compounds with broad bioactivities is isatin 
and its derivatives [7-8]. 

Isatin is a heterocyclic compound that is versatile 
and important in its application in organic chemical 
synthesis [9-10]. Isatin is considered a versatile building 
block for synthesizing various pharmacologically active 

compounds [11]. Isatin and its derivatives exhibit broad 
biological and pharmacological activities, such as 
antibacterial, antifungal, anti-HIV, antiviral, antidiabetic, 
antitumor, anticonvulsant, anticancer, antioxidant, 
neuroprotective, antidepressant, anticonvulsant, and 
anti-inflammatory [12-15]. 

Synthesis of isatin derivatives compounds has been 
carried out in various ways, including using catalysts. 
Some catalysts that have been used in the synthesis of 
isatin derivatives are palladium [16], Ru(II)-Pheo [17], 
dirhodium(II) [18], and boron trifluoride [19]. Using a 
catalyst in the organic synthesis reaction gives 
significantly higher product yields and a shorter time 
than without a catalyst [20]. In previous studies, the 
reaction in the synthesis of isatin derivatives was carried 
out without a solvent [21-23]. Therefore, the synthesis of 
isatin and its derivatives in this study was carried out with 
the assistance of  an iodine catalyst.  The reaction occurs  
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Fig 1. Illustration of a general reaction for the synthesis of 
isatin derivatives 

through Knoevenagel condensation by reacting between 
isatin and malononitrile and testing their bioactivity as 
antibacterial and antioxidant. The general schematic of 
this research is illustrated in Fig. 1. 

■ EXPERIMENTAL SECTION 

Materials 

Chemicals were obtained from Sigma-Aldrich and 
used without further purification, such as isatin 
(C8H5NO2; CAS 91-56-5), malononitrile (CH2(CN)2; CAS 
109-77-3), iodine (I2; CAS 7553-56-2), acetonitrile 
(CH3CN; CAS 75-05-8), trichloroisocyanuric acid/TCCA 
(C3Cl3N3O3; CAS 87-90-1), sulfuric acid (H2SO4; CAS 
7664-93-9), n-hexane (C6H14; CAS 110-54-3), ethanol 
(C2H5OH; CAS 64-17-5), methanol (CH3OH; CAS 67-56-
1), sodium nitrate (NaNO3; CAS 7631-99-4), nutrient 
agar, 2,2-diphenyl-1-picrylhydrazyl/DPPH (C18H12N5O; 
CAS 1898-66-4), dimethyl sulfoxide/DMSO ((CH3)2SO; 
CAS 67-68-5), amoxicillin (C16H25N3O8S; CAS 26787-78-
0), and ascorbic acid (C6H8O6; CAS Number: 50-81-7). 

Instrumentation 

The instruments used in this study were melting 
point apparatus, Fourier transform infrared spectroscopy 
(FTIR, IR Prestige-21 Shimadzu spectrometer), UV–vis 
spectrophotometer (Shimadzu 2450), and liquid 
chromatography-mass spectrometry (LC-MS, Thermo 

HPLC-DIONEX ULTIMATE -TSQ Quantum Access 
MAX Triple Quadrupole Mass Spectrometer). 

Procedure 

Synthesis of 5-chloroisatin 
Isatin (10 mmol; 1.47 g) and trichloroisocyanuric 

acid (10 mmol; 2.32 g) were mixed in a flask. Then 
12 mL of sulfuric acid was added slowly. The flask was 
placed in an ice bath and stirred for 15 min. After 
completion, cold water was poured into the reaction 
mixture to obtain the product. The product 2a was 
purified by recrystallization using hot ethanol, and the 
product was obtained in the form of orange powder. 

Synthesis of 5-nitroisatin 
Isatin (10 mmol; 1.47 g) and NaNO3 (10 mmol; 

0.85 g) were mixed in a flask. Then 12 mL of sulfuric acid 
was added slowly. The flask was placed in an ice bath and 
stirred for 15 min. After completion, cold water was 
poured into the reaction mixture to obtain the product. 
The product 2b was purified by recrystallization using 
hot ethanol, and the product was obtained in the form of 
yellow powder. 

Synthesis of malononitrile isatins 
To obtain the optimum condition for the reaction, 

isatin (1 mmol; 0.147), malononitrile (1 mmol; 0.066), 
and iodine were mixed at various conditions in 10 mL 
solvent to obtain compound 3a. The reaction was 
monitored by thin-layer chromatography (TLC). After 
completion, the product was recrystallized using hot 
ethanol. Optimization of reaction conditions was carried 
out by varying catalyst concentration, temperature, and 
solvent type. Compound 3b (1 mmol compound 2a; 
0.1815 g and 1 mmol malononitrile; 0.066 g) and 
compound 3c (1 mmol compound 2b; 0.192 g and 
1 mmol malononitrile; 0.066 g) were synthesized under 
optimum conditions. All synthesis products were 
characterized by melting point apparatus, UV-vis 
spectroscopy, FTIR, and LC-MS (Table 1). 

Antibacterial activity test 
The antibacterial activity test was carried out using 

the disk diffusion method against Gram-positive bacteria 
Staphylococcus aureus (ATCC 6538P) and Gram-
negative bacteria Escherichia coli  (ATCC 8739) [24-25].  
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Table 1. Characterization data and yield of synthesized compounds 
Compound Structure Characterization Yield (%) 

2a 

 

Orange powder-like solid. m.p.: 250.8–251.3 °C. UV-
vis (nm): 252 and 297. IR (cm−1): 3180 (N–H), 3062 
(C–H sp2), 1750 and 1715 (C=O), 1620 (C=C), 1451 
(C–N), 848 (C-Cl). 

45 

2b 

 

Yellow powder. m.p.: 251.3–252.7 °C. UV-vis (nm): 
324. IR (cm−1): 3330 (N–H), 3092 (C–H sp2), 1780 and 
1732 (C=O), 1620 (C=C), 1455 (C–N), 1531 and 1338 
(N–O). 

58 

3a 

 

Red powder-like solid. m.p.: 199.2–200.4 °C. UV-vis 
(nm): 260 and 347. FTIR (cm−1): 3266 (N–H), 3107 
(C–H sp2), 1718 (C=O), 1566 (C=C), 2232 (C≡N), 
1461 (C–N). MS (m/z): 195. 

71 

3b 

 

Red powder-like solid. m.p.: 228.3–229.5 °C. UV-vis 
(nm): 264 and 337. FTIR (cm−1): 3249 (N–H), 3109 
(C–H sp2), 1731 (C=O), 1595 (C=C), 2230 (C≡N), 
1452 (C–N), 850 (C–Cl). MS (m/z): 229. 

61 

3c 

 

Red crystal. m.p.: 262.3–263.1 °C. UV-vis (nm): 310. 
FTIR (cm−1): 3237 (N–H), 3109 (C–H sp2), 1743 
(C=O), 1610 (C=C), 2246 (C≡N), 1454 (C–N), 1520 
and 1341 (N–O). MS (m/z): 240. 

67 

 
Each synthesized compound was dissolved in DMSO with 
a concentration variation of 62.5, 125, 250, 500, and 
1000 ppm. Paper discs were dipped into each solution and 
placed on agar media that had been inoculated with 
bacteria. Amoxicillin in DMSO was used as a positive 
control, and DMSO was used as a negative control. All 
treatments were incubated for 24 h at 37 °C. The 
inhibition zone of each synthesized compound was 
measured from the diameter of the clear zone around the 
disc and expressed in mm. 

Antioxidant activity test 
The antioxidant activity test was carried out by free 

radical scavenging activity with the DPPH method [26-
27]. An amount of 1 mM DPPH was diluted in ethanol to 
obtain 0.1 mM DPPH solution. Each synthesized 
compound was dissolved in ethanol and made a series of 
100–1000 ppm concentrations. Antioxidant activity was 
carried out by mixing 0.5 mL of sample solution with 
0.5 mL of 0.1 mM DPPH solution and incubating in the 

dark room for 30 min. The absorption of the sample was 
measured by UV-vis spectrophotometer at a wavelength 
of 517 nm. The ability of the synthesized compound as 
an antioxidant is expressed in %inhibition, calculated by 
Eq. (1). 

control sample

control

Abs. Abs.
%inhibition 100

Abs.


   (1) 

■ RESULTS AND DISCUSSION 

The synthesis of isatin derivatives has been 
conducted through the Knoevenagel condensation 
reaction between isatin and malononitrile. In order to 
enrich the isatin derivatives, isatin was chlorinated with 
trichloroisocyanuric acid to form 5-chloroisatin (2a). In 
a separate flask, isatin was also titrated with sodium 
nitrate to form the 5-nitroisatin (2b). For the formation 
of isatin derivatives, the three compounds (isatin, 2a, 
and 2b) were reacted with malononitrile in a separate 
flask by reflux method catalyzed by iodine. The presence 



Indones. J. Chem., 2024, 24 (2), 567 - 575    

 

Antonius Herry Cahyana et al. 
 

570 

of iodine as a catalyst will increase the electrophilic 
properties of the carbonyl ketone group in isatin. The 
more positive carbon atoms will facilitate the nucleophilic 
attack of malononitrile to form isatin derivative 
compounds. The proposed mechanism is depicted in Fig. 
2. 

Evaluation and determination of the optimum 
reaction conditions were carried out by varying the 
reaction conditions, namely variations in temperature, 
solvent, and catalyst concentration. All substrates were 
reacted in a 1:1:1 mol ratio. The yield of the product 
obtained from the variation of these conditions can be 
seen in Table 2. Table 2 shows that the use of ethanol as a 
solvent gave the highest yield (71%) with a reaction time 
of 30 min, at a temperature of 75 °C, with the use of 10% 
mol of catalyst. The role of the catalyst in the reaction is 
clearly illustrated in this experiment. Under the same 
conditions (75 °C, 30 min), the reaction without a catalyst 
was only able to produce a product yield of 17%. The 
carbonyl group in isatin was activated by I2 which makes 
it easier for the nucleophilic carbon in malononitrile to 
attack this system. Previous studies have synthesized the 

same compound (under piperidine acetate, CH3CN, 
reflux) with a time of 120 min to produce a yield of 85% 
[28]. In another literature, the use of ZIF-8 and ZIF-67 
catalysts resulted in a product yield of 75–93% with a 
time of 10 min at a temperature of 60 °C [29]. So, the use 
of I2 as a catalyst demonstrated a better performance.  

Under the optimum conditions, three isatin 
derivatives were synthesized, namely 2-(2-oxo-1,2-
dihydro-indol-3-ylidene)-malononitrile (3a; 71%), 2-(5-
chloro-2-oxo-1,2-dihydro-indol-3-ylidene)-
malononitri le (3b; 61%), and 2-(5-nitro-2-oxo-1,2-
dihydro-indol-3-ylidene)-malononitrile (3c; 67%). The 
decrease in product yields in compounds 3b and 3c 
compared to compound 3a may be due to the presence 
of chloro- and nitro- substituents which are electron-
withdrawing groups. This substituent makes the 
position of m-benzene negative (-) which will reduce the 
positive charge on the C carbonyl. 

The structure analysis of products was conducted 
by determination of melting point, functional group 
vibration, maximum wavelength, and molecular weight. 
Fig. 3(a) shows the FTIR spectrum of 3a, which has several 

 
Fig 2. Proposed reaction mechanism for the formation of malononitrile isatins 

Table 2. Optimization of reaction condition for 3a 
Entry Temperature (°C) Reaction time (h) Solvent I2 (%mol) Yield (%) 

1 60 0.5 EtOH 0 19 
2 60 0.5 EtOH 5 41 
3 60 0.5 EtOH 10 61 
4 60 0.5 EtOH 15 47 
5 75 0.5 EtOH 0 49 
6 75 0.5 EtOH 10 71 
7 25 0.5 EtOH 0 17 
8 25 0.5 EtOH 10 46 
9 75 0.5 CH3CN 0 23 

10 75 0.5 CH3CN 10 39 
11 75 0.5 Solvent-free 0 40 
12 75 0.5 Solvent-free 10 46 
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Fig 3. The (a) FTIR, (b) UV-vis, and (c) mass spectrum of compound 3a 

 
absorption peaks. The peak at 3266 cm−1 is stretching 
vibrations of secondary amines (N–H). In addition, there 
was also a stretching vibration of C–N at 1461 cm−1 with 
strong intensity. The area of 3107 and 1566 cm−1 are 
stretching vibrations of C–H (sp2) and C=C aromatic, 
respectively that are found on the benzene ring. The peak 
that contributed as a sign that resorcinol had reacted with 
isatin was the absorption in the area of 2232 cm−1. This 
peak is a stretching vibration of the C≡N group which 
indicates that the target product has been formed. The 
maximum wavelength of 3a is 347 nm (Fig. 3(b)). The 
wavelength of 3a seems to have shifted to the right 
(bathochromic shift) when compared to the maximum 

wavelength of isatin (295 nm). This shift occurs due to 
the presence of additional substituents that experience 
resonance in the product structure at the C=C and C≡N 
bonds (n→π*) as the contribution of resorcinol in the 
product structure framework. Fig. 3(c) shows the mass 
spectrum of 3a which indicates the molecular ion mass 
at m/z 195. This shows that the reaction between isatin 
and resorcinol through the Knoevenagel reaction 
produced the desired compound with a molecular mass 
of 195 g/mol with the molecular formula C11H5N3O. The 
base peak of this compound fragment is also at m/z 195 
and other fragments were found at m/z 168, 140, and 
113. 
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The antimicrobial activity of the synthesized 
compounds was tested using the disc diffusion method 
against two types of bacteria, namely S. aureus as Gram-
positive bacteria and E. coli as Gram-negative bacteria. 
The inhibition zone of synthesized compounds is shown 
in Table 3. It was found that compounds 3a, 3b, and 3c 
gave quite weak antimicrobial activity. The addition of 
electron-withdrawing groups such as chlorine and NO2 to 
the aromatic ring of isatin was able to increase the 
antimicrobial activity, although not significantly and only 
occurred in the test on the growth of S. aureus. The 
presence of an electron-withdrawing group provides a 
more significant potential for antimicrobial activity than 
the presence of an electro-donating group [30]. 

The antioxidant activity test of the synthesized 
compounds was carried out using the free radical 
scavenging method using DPPH. The antioxidant activity 
of the test compound (Table 4) was determined as IC50, 
which is the concentration of the compound capable of 

inhibiting the action of free radicals by 50%. The IC50 of 
3a was 266.47 ppm classified as a weak antioxidant; 3b 
was 220.43 ppm as a moderate antioxidant, and 3c was 
654.85 ppm classified as an inactive antioxidant (strong 
antioxidant < 50 ppm, active 50–100 ppm, moderate 
101–250 ppm, weak 251–500 ppm, and inactive > 500) 
[31]. As a comparison, the antioxidant activity of 
ascorbic acid was measured under the same conditions. 
Ascorbic acid has an IC50 value of 10.75 ppm and is 
classified as a very active antioxidant compound because 
it has a hydroxyl group that can easily release protons. 

Table 4. Antioxidant activity of the synthesized 
compounds 

Compound IC50 (ppm) Category 
3a 266.47 Weak 
3b 220.43 Moderate 
3c 654.85 Inactive 

Ascorbic acid (control) 10.75 Strong 
 

Table 3. Inhibition zones of the synthesized compounds 

Compound Concentration 
(ppm) 

Inhibition zone 
S. aureus (mm) 

Inhibition zone 
E. coli (mm) 

3a 62.5 - - 
125.0 - - 
250.0 - - 
500.0 - 7.0 ± 0.0 

1000.0 7.0 ± 0.0 8.0 ± 0.0 
3b 62.5 - - 

125.0 - - 
250.0 - - 
500.0 8.5 ± 0.5 6.5 ± 0.5 

1000.0 10 ± 1.0 8.5±0.5 
3c 62.5 - - 

125.0 - - 
250.0 - - 
500.0 8.5 ± 0.5 6.5 ± 0.5 

1000.0 9.5 ± 0.5 8.0 ± 1.0 
Amoxicillin (positive control) 62.5 - 1.5 

125.0 3.7 1.8 
250.0 4.2 2.0 
500.0 4.6 2.2 

1000.0 4.9 2.5 
DMSO (negative control) - - - 



Indones. J. Chem., 2024, 24 (2), 567 - 575    

 

Antonius Herry Cahyana et al. 
 

573 

■ CONCLUSION 

In summary, isatin derivative compounds have been 
successfully synthesized using variations of isatin and 
resorcinol through the Knoevenagel reaction using an 
iodine catalyst and produced three products. The 
approach of using an iodine catalyst in this reaction gave 
a significantly higher yield than the uncatalyzed reaction. 
The optimum reaction conditions were obtained with 
10% mol of catalyst at a temperature of 75 °C using 
ethanol as a solvent. The three isatin derivatives have 
weak antimicrobial activity, and the best antioxidant is 
compound 3a with IC50 of 220.43 ppm. 
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