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Abstract: lodine is readily available and economical. The use of iodine to catalyze numerous
reactions for the preparation of organic compounds has been demonstrated.

Introduction:

The chemistry and biology of molecular iodine and iodine-containing compounds have been
investigated extensively. Many iodine containing compounds have medicinal activities and
iodine has direct effects on animals and human health. Our research on molecular iodine-
catalyzed reaction has proved to be useful for the synthesis of different types of organic
compounds. Clearly, the successful realization of many carbocyclic and heterocyclic compounds
by catalytic amount of iodine is an important objective. Iodine is relatively non-toxic,
crystalline, economical and a mild Lewis acid.

Like many chemistry students, my endeavor on the use of iodine started when I was a master
student. lodine is a volatile solid and it produces a beautiful purple/violet vapor in a closed
container. | first used iodine for Thin Layer Chromatography study for the detection of number
of compounds and/orto identify the purity of a compound present in an unknown or known
synthetic or natural product sample. Then, I started to use iodine to activate the surface of
magnesium and zinc metal for Grignard and Reformatsky reaction. Addition of a small pinch of
iodine had a profound effect on the metal-mediated reactions. I used to wonder how this small
amount of iodine can really activate the metal and therefore, control the complex reaction
methods. Gradually, I fell in love with iodine and used this element on several reactions. Of
course, the results were so gratifying that we are still using iodine in many of our methods.

Results and Discussions:

During the course of investigation of complex natural product synthesis, we came across a
reaction of preparing a highly functionalized alkene from a tertiary alcohol. Due to the acidity of
iodine, a cyclization reaction with the aromatic group through a stable tertiary cabocation
formation was the expected outcome. Cyclization of the same tertiary alcohol with acid
(CH3SOsH, HCI, BF3.Et;,0, etc.) produced mainly a transA/B ring system present in many
natural terpenoids, alkaloids and steroids as the major products. However, cyclization of the
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corresponding alkene produced by the iodine-treatment with acid under identical conditions
afforded a mixture of cis and franscompounds in almost equal quantities.'This observation was
rationalized through a mechanism. As a result of different course of reactions, synthesis of
natural products withcis and trans-A/B ring junction was possible.

During the course of investigation of beta-lactam chemistry, it was found that a spot of a ketal
containing compound in a TLC chamber changes to another high polar compound after a few
hours. This observation was eye opening to me. The first impression was that the corresponding
beta-lactam is not stable. A reaction of the same beta lactam with small amount of iodine was
performed separately and a polar compound was observed. This was isolated and characterized.
It was a diol formed through the deprotection of the ketal group. Later, this diol and related diols
were used extensively for the preparation of amino sugars, amino acids, alkaloids and polycyclic
beta-lactams.”

As an extension, severaloxygen-glycosides were cleaved to the parent alcohols by molecular
iodine. Since protection and deprotection are reversible process, we became successful in
protecting carbonyl groups as acetals, ketals, thioketal and mixed ketals as well as their
deprotection with molecular iodine. Oximes and hydrazones were deported to carbonyl
compounds using iodine-induced reactions. These reactions were useful to demonstrate
intramolecularchemoselectivity.

We developed stereospecific synthesis of glycosides derived from hydroxy beta lactams using
molecular iodine as the catalyst. Optically active compounds that are present taxoland
thienamycin side chains were made using this method. Several indoles, indenes, pyrroles,
quinazoline, imidazolesand other heterocyclic compounds were prepared successfully via iodine-
catalyzed reactions. Notably, it was possible to add pyrrole system to beta lactams and pyrrole
system to indolesthrough iodine-catalyzed chemical manipulations®. 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.

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’. The success of these reactions was not due to
the formation of bivalent samarium species.

Conclusion:

We demonstrated iodine-catalyzedreactions 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 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 antibacterialactivities.
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