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Abstract
Molecular iodine has proven to be extremely useful in our research for the synthesis of diverse organic compounds 

of significant importance. The acidity of molecular iodine is responsible for the success of these reactions.
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Introduction
Molecular iodine is highly economical and readily available in 

almost all laboratories in the world. Our research group has been 
conducting molecular iodine-mediated useful reactions for the past 
many years. Synthesis of diverse organic molecules in chiral and achiral 
form is realized by iodine-catalyzed reaction very effectively. Moreover, 
iodine-mediated reactions can be easily performed under microwave 
irradiation method making this process is attractive. Illustrative 
examples of reactions from our laboratory only are provided that 
include various compounds of interests.

Results and Discussion
Molecular iodine is a very versatile catalyst and readily available 

with extremely low cost. It has been possible to conduct numerous 
successful reactions with molecular iodine-catalyzed reactions for 
the preparation of diverse organic compounds. Molecular iodine can 
produce acid in a reaction medium. It has also coordinating properties. 
Some examples are given below without describing the details of these 
reactions.

Protection and deprotection of carbonyl compounds

Protection and deprotection of the aldehydes and ketones are 
important chemical methods in synthetic organic chemistry. Mild 
acidic reagents were found to catalyze these processes effectively. 
Based upon the importance, numerous methods were developed for 
this purpose. In general, protection of aldehydes and ketones were 
performed as acetal, ketals, thioketals, and mixed ketals. Molecular 
iodine was found to catalyze these processes very well [1]. In general, 
it was found that acetal formation with aldehydes proceeds much 
faster. Ketal, thioketal and mixed ketal formation within an identical 
series of compounds followed at the same rate. In general methanol, 
ethanol, ethylene glycol, ethylene thiol, ethylene thioalcohol were 
used as the other starting compounds in anhydrous tetrahydrofuran, 
dichloromethane, dioxane, and dimethylsulfoxide. The reaction 
with ketones was slower than aldehydes within a similar group of 
compounds. Sterically unhindered ketones reacted faster than sterically 
hindered ketones and produced acetals and ketals more rapidly. These 
differences of reactivity among aldehydes and ketones were used to 
induce intramolecular and intermolecular selectivity among many 
compounds. These selectivities were used for the preparation of many 
important structures. Deprotection of the acetal, ketal, thioketal and 
mixed ketals were performed with molecular iodine [2]. Compounds 
with these types of protective groups yield the original carbonyl 
compounds in the presence of iodine. This was possible because 
protection and deprotection of aldehydes and ketones are reversible 

reactions. Mechanistically, these reactions involve a nucleophilic 
addition of an acidic reagent to the carbonyl group or the protective 
groups. It is believed that the reactions can proceed with iodine through 
a Lewis acid type of reactions or Bronsted acid-mediated reactions. 
Our research in this area culminated in a few methods of molecular 
iodine-catalyzed protection and deprotection reactions. Protection and 
deprotection reactions with molecular iodine were used in beta-lactam 
chemistry. These methods were necessary for preparation of amino 
sugars, amino acids, alkaloids and polycyclic beta-lactams [3].

Glycosylation reactions

Stereospecific synthesis of oxygen glycosides was performed with 
hydroxy beta lactams and diverse glycals using molecular iodine as the 
catalyst. Racemic 3-hydroxy beta lactams on reaction with glycal in the 
presence of catalytic amounts of iodine produced two diastereomeric 
separable O-glycosides [4]. The O-glycosides were cleaved by mild 
acid to the corresponding hydroxy beta-lactams in both enantiomeric 
forms. This process was successfully applied for the synthesis of all 
enantiomeric forms that are possible for a 3, 4-disubstituted beta lactam. 
Optically active beta lactams that are present in Taxol and Thienamycin 
side chains were made using this method. The role of iodine in these 
chemical transformations was not established. But, it was important 
to note that the reactions as mentioned above did not proceed in 
the absence of catalyst. In some instances, iodometric titration was 
performed to identify whether iodine was really consumed in the 
reaction. Surprisingly, sodium thiosulfate titration method indicated 
no iodine was consumed, yet the reaction proceeded completely.

Condensed heterocycles

Molecular iodine was successful in catalyzing the reaction between 
isatin and hydoxyproline derivatives to form pyrrole-fused oxoindoles 
in high yield [5]. It was believed that the amino acid group of proline 
reacted with the keto group of isatin and formed a cyclic intermediate. 
This unstable intermediate then finally produced the product through 
the activation exerted by iodine. It was remarkable that the iodine-
catalyzed reaction between 3-keto-beta lactams on reaction with 
hydroxy proline produced 3-pyrrole substituted beta lactams [6].
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examples to cut down the cost of research maintaining the standard of 
good publications. In addition, it was also found that iodine-catalyzed 
reactions can tolerate microwave-irradiation. On this basis, some 
of the iodine-catalyzed reactions under microwave irradiation were 
completed within minutes instead of hours/days. A few compounds 
prepared by iodine-catalyzed reactions demonstrated anticancer and 
antibacterial activities.
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Samarium-induced reactions

Samarium-induced chemistry in the presence of iodine was useful 
to study reduction of carbonyl compounds and imines and reductive 
dimerization of carbonyl compounds and imines. These reactions did 
not proceed in the absence of iodine [7]. The success of these reactions 
was not due to the formation of bivalent samarium species.

Pyrrole synthesis

A reaction of primary amine with hexane 2,4-dione in the presence 
of molecular iodine produced N-substituted pyrroles. A variety of 
primary amines were used to generalize the process [8].

Alkaloid synthesis

Molecular iodine was able to catalyze Michael reaction between 
indoles and 2, 3-unsatuated ketones in excellent yield in the absence 
of any solvents [9]. An extremely rapid and convenient microwave-
assisted method for the synthesis of indoloquinolines using molecular 
iodine as a catalyst in one-pot was developed [10]. The mixture of 
indole-3-carboxyaldehyde and two equivalents of aniline in presence 
of 10 mol% of iodine produced indoloquinolines. An effective iodine-
catalyzed method for the synthesis of quinoxalines by the condensation 
of 1,2-diamines with 1,2-dicarbonyl compounds was developed [11].

Optically active polyaromatic alcohol

Racemic dibenzofluorenol on reaction with a glycal in the presence 
of catalytic amounts of iodine afforded two diastereomers. These were 
separated and cleaved to the optical isomers of dibenzofluorenol [12]. 
Our laboratory had demonstrated synthesis and studied biological 
activity of polyaromatic compounds for the past many years [12].

Microwave-induced method

The reactions described above were conducted under microwave 
irradiation method [13]. It was crucial to observe that all these reactions 
were successfully performed in domestic or automated microwave 
oven. Clearly the microwave-induced iodine-catalyzed method was 
very fast, economical and produced products with better purities.

Conclusion
We demonstrated iodine-catalyzed reactions for the synthesis of 

diverse compounds. Most of the iodine-catalyzed reactions as described 
above produced products with high yields. Isolation of products from 
the reaction mixture was very convenient. Some reactions proceeded 
in the absence of any solvent with 1 mol% iodine. Considering the 
budgetary restrictions, our iodine-catalyzed reactions are the perfect 
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