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A flexible heterocyclic molecule, isatin shows tautomeric equilibrium between its lactam and
lactim forms; the lactam structure predominates in the solid state. UV-visible, NMR, and IR
examinations as well as other spectroscopic investigations validate these structural features and
the impact of solvent environments on tautomeric stability. Among the many chemical
processes isatin experiences are oxidation to isatoic anhydride and tryptanthrin, both of which
have important uses in industry and medicine. It also helps in ring expansion processes,
therefore enabling the synthesis of complicated heterocyclic frameworks such
dibenzoazepinones and isoxazoloquinolines. Moreover, isatin is a major substrate in Friedel-
Crafts and aldol processes that generates hydroxyindolinones and physiologically active
oxindoles. Its synthetic use is expanded by other transformations including alkylation,
dimerization to indirubin, and 1,3-dipolar cycloaddition. These few reactions underline the
importance of isatin in organic synthesis, especially in material and pharmaceutical chemistry.
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l. INTRODUCTION

A heterocyclic organic molecule having substantial biological and medicinal significance,
isatin is also known as 1H-indole-2,3-dione. As an oxidation byproduct of the naturally
occurring color indigo, Erdmann and Laurent made the first discovery of it in 1841. Isatin is a
very reactive and adaptable scaffold for a wide range of chemical transformations due to its
structure, which comprises an indole core with two neighboring carbonyl functional groups at
positions 2 and 3. The wide range of pharmacological activity shown by isatin and its
derivatives, such as antibacterial, antiviral, antifungal, anticancer, anti-inflammatory,
anticonvulsant, and analgesic effects, has led to their considerable study throughout the years.
Because of its many useful bioactivities, isatin is a key component in medicinal chemistry,
especially in the fields of drug discovery and therapeutic agent production.

The conventional Sandmeyer and Stolle syntheses are among the several ways that may be
used to synthesize isatin. The Sandmeyer process uses chromic acid to oxidize indigo, while
the Stolle synthesis uses hydroxylamine hydrochloride to facilitate the condensation of aniline
derivatives with chloral hydrate. The use of enzyme-mediated procedures, catalytic oxidations,
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and microwave-assisted reactions are some examples of more modern synthetic techniques that
are both more efficient and less harmful to the environment, while also increasing yields.
Thanks to recent developments in synthesis, more isatin derivatives are now available for use
in a wide range of scientific and commercial contexts.

As a helpful precursor for the synthesis of complex organic compounds, isatin has an
impressive capacity to undergo numerous chemical reactions, such as nucleophilic additions,
condensations, and cyclizations. Schiff bases are a prominent isatin derivative that are
produced via condensation reactions with amines. Due to their wide range of biological activity
and potential uses in medication development, these Schiff bases have recently come to the
fore. Because of their versatility in binding to different biological targets, oximes, hydrazones,
and thiosemicarbazones derived from isatin hold enormous promise as medicinal chemistry
compounds. Isatin is an attractive pharmacophore for medication development due to its ability
to form strong interactions with enzymes and receptors via the presence of both donors and
acceptors of hydrogen bonding in its structural framework.

Isatin has been used in the creation of functional materials, dyes, and agrochemicals in addition
to its therapeutic uses. Its use to coordination chemistry has resulted in the creation of metal
complexes that exhibit intriguing electrical and catalytic characteristics. Isatin derivatives have
also been investigated for potential use in polymer science, including in the creation of new
materials with improved thermal and mechanical stability. Because of its function as a
metabolic intermediary in all forms of life, isatin has great biological importance. It is a
naturally occurring metabolite of tryptophan that has a role in neurotransmission and the
control of the immunological response, among other physiological functions. Its natural
occurrence and ecological relevance are further underscored by the fact that it is found in
plants, bacteria, and fungus.

Il.  STRUCTURAL CHARACTERISTICS

Tautomerization

In isatin tautomerization, the balance between the two interconvertible forms, lactam (1) and
lactim (2) tautomers, is maintained. The process that triggers this change takes place at the
second carbon atom of the isatin structure, where the nitrogen and oxygen atoms exchange
protons. The solid-state majority of isatin is found in the more stable lactam tautomer. The
presence of the lactim form is, however, corroborated by the production of intermediates that
promote the lactim structure, such as O-alkyl ethers (3) and isatin-a-chloride (4). Spectral
investigations provide additional evidence of this tautomeric balance; for example, isatin's -H
NMR spectra in CD{OD reveals signals for both lactam and lactim forms, while in DMSO-ds,
only the lactam form is discernible. It appears from these findings that the polarity of the
solvent is a key factor in favoring the stabilization of one tautomer over the other. Theoretical
investigations of isatin-3-thiosemicarbazone and similar derivatives have also shown that,
under some circumstances, a small number of tautomers—Iike tautomer 5—may constitute the
vast majority (around 87% of the gas phase population). Isatin and its derivatives' reactivity
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and biological characteristics can be better understood by examining this tautomerization
process.
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Spectral studies

Information about isatin's electronic structure, tautomeric equilibrium, and reactivity may be
gleaned from its spectrum properties. The aromatic ring corresponds to an electrical transition
from 7 to ¥, as seen by the absorption maxima in the 260-350 nm region of isatin's UV-visible
spectrum. The position and intensity of this absorption band are affected by the electron-
donating or electron-withdrawing character of aromatic ring substituents; a bathochromic shift
occurs when the donor ability increases. In addition, there is a less strong absorption band in
the 350-600 nm area, which is thought to be caused by intramolecular charge transfer (ICT)
transitions and the n — 7* transitions, which come from the oxygen and nitrogen lone electron
pairs. An azanion forms in a basic media, causing the long-wavelength bands to vanish and a
new absorption band in the 400-750 nm range to develop, which is bathochromically shifted

(6).

Isatin (7)'s structural features are further supported by its tH NMR spectra (51). Hb and He are
represented by a doublet at & 7.47 ppm and 6.86 ppm, respectively. At 6 11.03 ppm, the NH
proton is seen as a singlet, but the Hc and Hd protons are seen as triplets at 6 7.05 ppm and
7.57 as well, respectively. As a further confirmation of the electronic consequences of the
azanion production, the signals of Hb, Hc, Hd, and He undergo a downfield shift upon
deprotonation of NH.

Isatin has two distinct carbonyl stretching bands in the infrared spectra, at 1740 cm™ and 1620
cm™, which are corresponding to the C=0O vibrations in the lactam structure. Furthermore,
when NH is deuterated, a wide N-H stretching band may be seen at 3188 cm™, but it moves to
2370 cm1 thereafter. The tautomeric equilibrium, electrical characteristics, and functional
group interactions in isatin and its derivatives are shed light upon by these spectrum
investigations taken as a whole.
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1. REACTIONS OF ISATIN
Oxidation

A compound with broad applications in medical chemistry and herbicide production, isatoic
anhydride (8) is produced by oxidizing isatin. Isatoic anhydride is the end result of a reaction
between isatin and chromic acid in a solution of acetic acid. Under moderate and neutral
circumstances, they were able to produce isatoic anhydride by selectively oxidizing isatin with
H202 using organoselenium catalysts (Scheme 1).
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Scheme 1: Isatin oxidation to isatoic anhydride catalyzed by organoselenium

One other molecule with biological activity that may be made by oxidizing isatin is tryptanthrin
(9). The oxidation of isatin and its 5-substituted analogs in anhydrous acetonitrile by potassium
permanganate was detailed in a published article as a means to produce tryptanthrin. Scheme
2 shows the oxidative condensation method that another research used to make tryptanthrin
and its byproducts. The process was catalyzed by Cul and used isatins and indoles.
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Scheme 2: Tryptanthrin derivatives produced by the aerobic oxidation of isatins
catalyzed by Cu

Ring expansion reactions

Because they make larger rings that would be impossible to produce using other methods
readily available, ring expansion reactions are a boon to organic chemists. Isatin may take part
in ring expansion activities because of its very electrophilic C3 carbon.

Scheme 3 shows the innovative multicomponent process that selectively synthesizes a range
of isoxazoloquinoline (10)-based frameworks using only one pot. The process of ring
expansion that follows the breakage of the isatin C-N link is aided by p-toluene sulfonic acid,
an ecologically friendly catalyst. The substrates utilized in the multicomponent process
(Scheme 3) include isatins, aminouracils, and isooxazolones. Bypassing the nitrogen atom in
the isatin ring allows for the synthesis of an adequate quantity of isoxazoloquinoline.
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Scheme 3: One-pot synthesis of isoxazologuinolines

Friedel-Crafts reactions

Friedel-Crafts reactions are a crucial class of organic transformations that enable the
functionalization of aromatic compounds, making them highly significant in pharmaceutical
and material sciences. Isatin, owing to its electrophilic nature, undergoes Friedel-Crafts
alkylation and acylation with electron-rich aromatic compounds, leading to the synthesis of
biologically active oxindoles and related derivatives.

One of the key transformations involves the asymmetric Friedel-Crafts alkylation of isatin
with pyrroles, resulting in the formation of 3-aryl-3-hydroxy-2-oxindoles, which are valuable
intermediates in drug synthesis. Franz and co-workers successfully demonstrated this reaction,
while Wang and colleagues improved the enantioselectivity by employing a tridentate Schiff
base/Cu catalyst along with hexafluoroisopropanol as an additive.
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Scheme 4: Alkylation of isatins with pyrroles using the Friedel-Crafts reaction yields
oxindoles

Another important transformation is the enantioselective Friedel-Crafts alkylation of isatins
with indoles, which leads to the synthesis of 2-oxindoles (12). This reaction, catalyzed by
cuprine, provides a direct route to biologically potent molecules with potential applications in
medicinal chemistry. The resulting 2-oxindole derivatives exhibit diverse pharmacological
activities, making Friedel-Crafts reactions a vital synthetic pathway for isatin modification.

2-oxindole framework
(12)

Scheme 5: Isatins undergo Friedel-Crafts alkylation with indoles to produce 2-oxindoles
Aldol reactions

The B-hydroxyl carbonyl compounds produced during aldol reactions are crucial building
blocks for the creation of derivatives with physiological activity. Isatin is a suitable substrate
for condensation operations due to its strong H-bond acceptor feature. The initial step in
preparing tri- and tetra-substituted carbinol allenoates involves reacting isatins with allenic
esters in an alleno-aldol reaction that is both stereospecific and enantioselective (Scheme 6).
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Scheme 6: Isatins and allenic esters undergo alleno-aldol condensation to produce
carbinol allenoates.

Forming physiologically active 3-substituted 3-hydroxyindolin-2-ones, researchers recorded
cross aldol reactions involving isatin and its derivatives with acetaldehyde (Scheme 7). The

proposed method permits the enantioselective, metal-free, protecting-group-free synthesis of
many anti-tumor and anti-viral drugs.
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Scheme 7: Isatins and acetaldehyde undergo a cross-aldol reaction

Y

Miscellaneous reactions

Typically, an alkyl or aryl halide is employed for the alkylation of isatin, utilizing an alkylating
agent in conjunction with a base such as Cs2C0O3 or K2CO3 (Scheme 8). The reactivity of the
used alkyl halide dictates the reaction rate; hence, reactions with more reactive alkyl halides
require less time for completion.
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Scheme 8: Isatin alkylation with a base present

Indirubin is synthesized by the dimerization of isatin or its derivatives with 3-acetoxyindole,
utilizing catalytic Na2CO3 in methanol. Indirubin, a recognized cytotoxic compound and the
red component of indigo, is reported to inhibit cyclin-dependent kinase 1 (CDK1). However,
the limited accessibility of 3-acetoxyindole and the low overall yield have hindered this
dimerization technique. By combining isatins (1 equiv%) with KBH4 (0.5 equiv%) in ethanol
or methanol (Scheme 9), indirubins were successfully synthesized in a recent publication,
overcoming these constraints.
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Scheme 9: Isatin dimerization yields indirubin

There has been recent interest in studying a novel reaction using isatin, ethyl isocyanoacetate,
and Cu(i) as a catalyst. The 3,ylidene oxindoles are a very important class of compounds that
are generated when an intermediate formed by 1,3 dipolar cycloaddition experiences an inverse
dipolar reaction according to Scheme 10.
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Scheme 10: Reaction of ethyl isocyanoacetate with isatin in a 1,3-dipolar/inverse dipolar
cycloaddition

IV. CONCLUSION

Crucially important in organic synthesis, isatin is a highly reactive and structurally flexible
molecule. Its chemical behavior may be very well understood from its spectroscopic
characteristics and tautomeric equilibrium. In the synthesis of physiologically active and
pharmacologically relevant compounds, the many reactions of isatin—including oxidation,
ring expansion, Friedel-Crafts alkylation, aldol condensation, alkylation, dimerization, and
cycloaddition—showecase their synthetic relevance. In material science, agrochemical
synthesis, and medicinal chemistry, isatin is a fundamental intermediate because of its capacity
to engage in many transformations. Its reactivity and functional flexibility still stimulate
creative approaches for better functional materials and novel therapeutic agents design.
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