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Abstract

This review elaborates the significance of organoiodine (lll) reagents in the organic transformations authored
by Prof. Om Prakash. His work is particularly focused on iodobenzene diacetate,
[hydroxy(tosyloxy)iodo]benzene, (dichloroiodo)benzene, and iodosobenzene. His contributions have extended
into the pharmaceutical sciences, where compounds developed in his laboratory have been evaluated for their
biological and medicinal relevance. His many grateful students are proudly carrying on his legacy.
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1. Introduction

The use of hypervalent iodine (lll) reagents has emerged as a powerful and versatile strategy in organic
transformations, offering mild reaction conditions, high selectivity, and environmentally benign alternatives to
metal-based oxidants. The rapid expansion of this field is reflected in the large number of comprehensive
review articles, monographs, and book chapters published over the past decades, which systematically
document the reactivity, mechanisms, and synthetic applications of hypervalent iodine reagents. Seminal
contributions, including authoritative books by Viktor V. Zhdankin and edited volumes by Thomas Wirth, along
with numerous high-impact review articles, underscore the sustained global interest and continuing evolution
of hypervalent iodine chemistry as a vital area of modern synthetic research.=%?

This review aims to highlight the significant contributions of Prof. Om Prakash, former Professor in the
Department of Chemistry, Kurukshetra University, Kurukshetra (KUK), whose pioneering work has advanced
the synthetic utility of iodine (lll) reagents in diverse organic reactions. His collaborative investigations with
Prof. R. M. Moriarity at the University of Chicago further augmented this field, leading to impactful
contributions that bridged fundamental reactivity with practical synthetic applications.?*>=3! The reactions are
presented in reagent-specific manner commencing with iodobenzene diacetate (IBD) and
[hydroxy(tosyloxy)iodo]benzene (HTIB), followed by (dichloroiodo)benzene and finally iodosobenzene.

2. lodobenzene Diacetate

lodobenzene diacetate (Phl(OAc)z2), commonly referred to as IBD or DIB, is a prototypical iodine(lll) reagent
capable of promoting diverse oxidative transformations.3273* It serves as an efficient reagent for the formation
of C-C and C-heteroatom (C—O, C-N, C—X) bonds involving ligand transfer, oxidative activation, and
generation of reactive intermediates such as iodonium ions and radicals.3*=37 Consequently, IBD has been
extensively employed in a-functionalization of carbonyl compounds, oxidative dearomatization of phenols,
difunctionalization of alkenes, and oxidative cyclization reactions leading to structurally complex carbocycles
and heterocycles.3®%¢ Recent developments have expanded its utility into catalytic iodine(l)/iodine(Ill) cycles,
electrochemical and photoredox processes,*”~*° thereby reinforcing its role as a key reagent in green and
contemporary synthetic methodologies.
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2.1. Reactions under basic condition (IBD-KOH-MeOH): acetal formation

2.1.1. a-Hydroxy-B-methoxydimethyl acetalization. One of the major areas of interest is the use of
iodobenzene diacetate under basic conditions and the Phl(OAc).-KOH-MeOH trio is used frequently. The
reaction is applied to systems that cannot form an anion by a-hydrogen abstraction. Treatment of a, B-
unsaturated ketones, chromones, flavones, chalcones and flavanones lead to a-hydroxydimethylacetal B-
methoxy products regiospecifically and stereospecifically (Scheme 1a-c).>>>! The reaction proceed by initial
Michael addition of MeO" followed by electrophilic anti addition of PhlO to the thus formed enolate anion,
with sequential addition of methoxy anion to the carbonyl group and intramolecular reductive elimination of
iodine as iodobenzene with inversion of configuration. Further, the addition of MeO" to oxirane completes the
reaction. The a-hydroxy-B-methoxydimethylacetals so formed, are hydrolyzed to 3-hydroxychromone and 3-
hydroxyflavone, respectively, with the loss of three molecules of methanol (Scheme 1a). The reaction is
extended for the hydroxylation of a-naphthoflavone without isolating the intermediate acetal (Scheme 1d).>?
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Scheme 1. IBD-mediated oxidation of chromones, flavones, chalcones and flavanones.

The use of IBD in the oxidation of 1-(4-nitrophenyl)-3-arylprop-2-en-1-ones is reported for the isolation of
oxiranes, e.g., 2-methoxy-3 (methoxy(aryl)methyl)-2-(4-nitrophenyl)oxiranes (Scheme 2). The oxiranes were
earlier proposed to be intermediates in such oxidation reactions.>3
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Scheme 2. Oxidation of 1-(4-nitrophenyl)-3-arylprop-2-en-1-ones to oxiranes.

2.1.2. a-Hydroxydimethyl acetalization. The hydroxylation of chromanone using IBD in methanolic base
provides a convenient route for the synthesis of 3-hydroxy-4-chromanone through the corresponding
dimethylacetal (Scheme 3a).>* In this connection, B-aminoketone substrates are also converted into a-hydroxy
dimethylacetals without oxidation at primary, secondary or tertiary amino groups or at sulfur in the case of
morpholino group.> The approach is extended to N-containing heterocycles also offering the corresponding a-
hydroxydimethylacetals (Scheme 3b).>®
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Scheme 3. a-Hydroxydimethyl acetalization of chromanone and -aminoketones.

The oxidative method is used for the synthesis of cis-3-hydroxyflavanone from flavanone through the
intermediate dimethylacetal;, vigorous hydrolytic conditions afford trans-3-hydroxyflavanone instead of the
cis derivative.>” The application of the reaction is studied for n®-tricarbonyl chromium (0) complexes of 1-
tetralone, indan-1-one and acetophenone to study the compatibility of the easily oxidized Cr(CO)s group with
the oxidizing agent, and also to get the benefit of the steric effect of the Cr(CO)s tripod in achieving
distereoselectivity. In all of the cases, single diasteromers are easily obtained with the Cr(CO)s group intact
(Scheme 4).>8 The formation of a-hydroxydimethyl acetals is highly sterospecific as the hyperiodination of the
ketones involves the introduction of the large —I(OH)CsHs group , alpha to the carbonyl group®®. Heteroaryl
ketones, thiazolyl, and benzothiazolyl ketones furnish a-hydroxydimethylacetals using IBD in basic
conditions.®® Tropan-3-one is oxidized by IBD in methanolic KOH to afford a-hydroxytropan-3-one dimethyl
acetal.®! The application of IBD to the functionalization of fused bi- and tricyclopentane derivatives has also
been explored. Bicyclic derivatives afforded the predicted, a-hydroxy dimethylacetals via the intermediacy of
epoxides. The tricyclic ketone does not follow the usual pathway, however, because of steric hindrance
associated with the epoxide. Furthermore, both types of fused derivatives undergo a-tosyloxylation
successfully using HTIB.6?

---------------------------------------------------------------
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Scheme 4. Oxidation of n®-tricarbonyl chromium(0) complex of 1-tetralone.

2.2 Intramolecular cyclization: reaction of o-hydroxy/amino aryl ketones/chalcones

2.2.1 Synthesis of benzofuran-3-ones. The reaction is applied to a series of substituted o-
hydroxyacetophenones at a temperature of 0 °C, the hydroxy group acted as intramolecular nucleophile in the
reductive cleavage of the C-I bond. Intramolecular displacement with reductive elimination [A to B, a 5-exo-tet
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process] is stereochemically favorable. The alternative nucleophilic attack by methoxy [A to C] is possible but,
C to B, is stereoelectronically unfavorable. Hyperiodination [B to D], bimolecular reductive displacement [D to
E], followed by the same sequence give the coumaran-3-one product. Formation of aurone from coumaran-3-
one results from the acid catalyzed removal of methanol. Isoaurone is made by rearrangement of the
phenonium type intermediate F (Scheme 5a).6® A direct method for obtaining 2-benzoylcoumaran-3-ones is
provided by IBD-KOH-MeOH oxidation of a-benzoyl-o-hydroxyacetophenones involving neighboring group

participation (Scheme 5b).%*
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Scheme 5. NGP in the intramolecular cyclization of o-hydroxyacetophenones and a-benzoyl-o-

hydroxyacetophenones.
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2.2.2. Synthesis of chromanones. 3-(Furan-2-yl)-1-(2-hydroxyphenyl)prop-2-en-1-ones are cyclized to the
respective dimethylacetal chromanones by treating with IBD in methanolic base. The acidic hydrolysis of the
acetal provides a route for the synthesis of 2-(2-furyl)-cis-3-hydroxychromanones, the subsequent basic
hydrolysis of which in dilute conditions offers 2-(2-furyl)-3-hydroxychromones (Scheme 6).%°

MeO OME
i = IBD-KOH-MeOH, ii = 50% AcOH or HCI-EtOH-pet ether, iii = 5% NaOH

Scheme 6. Cyclization of 3-(furan-2-yl)-1-(2-hydroxyphenyl)prop-2-en-1-ones to a-hydroxydimethylacetal
chromanones.

2'-Hydroxychalcone analogues of pyrazoles lead to the IBD-KOH-MeOH mediated formation of cis-3-
hydroxy-2-(1-phenyl-3-aryl-4-pyrazolyl) chromanone dimethylacetals. The acetals, upon hydrolysis, afford
either trans-3-hydroxy-2-(1-phenyl-3-aryl-4-pyrazolyl) chromanones or cis-3-hydroxy-2-(1-phenyl-3-aryl-4-
pyrazolyl) chromanones depending upon the hydrolytic conditions (Scheme 7).%6

Scheme 7. 2'-Hydroxychalcone analogues of pyrazoles to a-hydroxydimethylacetal chromanones.

Prompted by the reaction of o-hydroxychalcones with IBD-KOH-MeOH to afford cis-3-hydroxyflavanone
dimethylacetals, and then cis-3-hydroxyflavanones upon acidic hydrolysis,®” o-aminochalcones and 1-(2-
aminophenyl)-3-phenylprop-2-enones are treated with the I(lll) reagent to obtain N-analogs of cis-3-
hydroxyflavanones. The reaction offered 3-styrylbenzo[clisoxazoles unexpectedly (Scheme 8).%8
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! i = IBD-KOH-MeOH

Scheme 8. 1-(2-Aminophenyl)-3-phenylprop-2-enones to 3-styrylbenzo|c]isoxazoles.

2.3. Rearrangement

2.3.1. Ylides. Treatment of 2,4-dihydroxyacetophenones with IBD-KOH/MeOH provides a novel route for the
synthesis of 2-hydroxy-3-iodo-4-phenoxyacetophenones (Scheme 9). The transformation occurs by the
rearrangement of the iodonium ylide which results from electrophilic attack of the I(lll) reagent PhI(OMe), on
the phenolate ion, followed by the loss of methanol from the resultant intermediate.®® Oxidation of a-
substituted-2,4-dihydroxyacetophenones using IBD under acidic, basic or neutral conditions leads to o-
iodophenoxy ethers through a rearrangement of the respective iodonium ylides (Scheme 9).7°

oK” O H OH
HO OH eOMe o} OH  Phl(OMe),
X CH, X CH, X CHs | -MeOH :
o) o) 5
|
0 OH Rearrangement PhO
X

Scheme 9. 2,4-Dihydroxyacetophenones to o-iodophenoxy ethers through iodonium ylides.

Synthesis of some new stable iodonium ylides was achieved in which one of the stabilizing groups
contains atom Z. The atom Z is phosphorus or nitrogen; phosphorus is capable of d-orbital stabilization while
nitrogen offers p-orbital delocalization. The ylides are synthesized by the reaction of the appropriate starting
ylide Z=CHCOR with either the I(Ill) reagent, Arl=0, Arl(OAc); or ArlF, in MeOH/HBF4 at 0 °C. Reaction of the
starting ylide with ArlCl; gives C-chlorinated derivatives (Scheme 10a).”* The high-yielding method using the
iodonium ylides, instead of the hazardous diazo ketones for intramolecular cyclopropanation, is shown by
different examples (Scheme 10b).”?

Page 8 of 42 ©AUTHOR(S)



Arkivoc 2026 (2) 202612590 Sushma et al.

! R
- o
: 0 HBF,, 0 °C I
! Z=CH-C-R *+ ArX, —————
; £=CH-C-R 2 CH,0H Z7 > 1Ar
BF4_ '
X2 = O, F2, OA02 a
0 O CgHs
CO,CHs CO,CHs CO,CH,
o)
CO,CHs o /
| ) CO,CH; '
N i 0 i
~ CeHs R I= H,CO,C O
R CeHs  CO,CH,
i = KOH/ MeOH, CgHsl(OAc), b

ii = CuCl/ CH,Cl,, 0 °C

Scheme 10. Preparation and intramolecular cyclization of ylides.

Ylides of o-, m- and p-methoxyphenyl-3-ketopentanoic acid methyl esters, obtained by the reaction of
aryl-substituted B-keto esters with IBD/KOH, are decomposed in preparative yields by Cu(l)Cl in DCM at -45 °C
to afford 5-, 6- and 7-methoxy-1-carbomethoxy-2-tetralones. However, with lower homologous ylides from o-,
m- and p-methoxyphenyl-3-ketbutyric acid methyl esters, the analogous 1-carbomethoxy-2-indanone is

obtained only with the m-methoxyphenyl derivative; the other two ylides offer the dimeric products (Scheme
11).73

N~ AN
N cu(cl Mo MeO—
MeO7— 0 _ X _— N o
_ CH,Cl,, -45 °C O ;
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5 PhI” ~CO,CH; CH:2Cla, -45°C

Scheme 11. Decomposition of ylides by Cu(l)Cl.
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The iodonium ylide of methyl-3-oxo-trans, trans-6,8-tetradecadienoate is made by the reaction with IBD-
KOH in methanol at 0 °C. The ylide undergoes decomposition with Cu(l)Cl catalyst in DCM at room
temperature to afford a racemic endo/exo mixture of methyl 6-(trans-1-heptenyl)-2-oxobicyclo[3.1.0]hexane-
1-carboxylate which can be converted to 11-deoxyprostaglandin E; or prostaglandin A;. Also, another
iodonium ylide is obtained from the protected silyl enol ether made from methyl 5-hydroxy-3-oxo-trans, trans-
6,8-tetradecadienonate, t-butyl dimethylsilyl chloride and imidazole in dry DMF. The ylide is decomposed with
a catalytic amount of Cu(I)Cl in dry DCM to give the two bicycle[3.1.0]hexane products (Scheme 12).74

o 0 o .
0o o H i
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OMe IPh 2, '
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HO NN DMF RO NN
O O
0]
§ A cucl OMe
A 7N IPh
7 + “ HO |
4 Cone RO\\ '_: COzMe CH2C|2 _
RO e H
H
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Scheme 12. Formation of ylides using IBD-KOH-MeOH and their reaction.

2.3.2. 1,2 Shift: hoffmann-type rearrangement. In some cases, the flavanones undergo facile ring contraction
by a 1,2-aryl shift, thereby yielding methyl 2-aryl-2,3-dihydrobenzofuran-3-carboxylates as major products,
and cis-3-methoxyflavanones and flavones as the minor products formed in variable ratios.”> A number of
different primary alkyl and arylcarboxamides rearranged to the corresponding methyl carbonate products in
good-to-excellent yields by treatment with IBD in KOH-MeOH. The reaction is believed to follow a Hofmann-
type rearrangement of the amide, affording the N-(phenyliodonio) intermediate, which then rearranges to an
isocyanate. Under acidic conditions, the isocyanate hydrolyzes to the amine which is further hydrolysed in the
case of arylamines.”® The syntheses of 2-benzimidazolones, benzoxazolones and related compounds are
accomplished by the treatment of carboxamides bearing nucleophilic substituents at the B-position with IBD-
KOH-MeOH at 0 °C. The reaction results in a Hofmann-type rearrangement to generate an isocyanate in situ,
which undergoes intramolecular nucleophilic attack by the XH group to afford the cyclized products (Scheme
13).77

Page 10 of 42 ©AUTHOR(S)



Arkivoc 2026 (2) 202612590 Sushma et al.

! R/ArCONH,

R/AI'NHCOchg
KOH-MeOH

)

: H I
R NH BD R N
: i KOH-MeOH =0
: XH X :

Scheme 13. IBD-mediated Hofmann-type rearrangement.

2.4. Dehydrogenation

2-Aryl-1,2,3,4-tetrahydro-4-quinolones are dehydrogenated using iodobenzene diacetate in methanolic
potassium hydroxide to obtain 2-aryl-4-quinolones. The reaction involves an iodine(lll) intermediate which is
generated by the electrophilic attack of Phl(OMe). (from IBD-KOH-MeOH) at C3 of the enolate which, in turn,
is generated from the tetrahedroquinolone by methoxide ion (Scheme 14).78
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Scheme 14. Dehydrogenation of 2-aryl-1,2,3,4-tetrahydro-4-quinolones to 2-aryl-4-quinolones.
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2.5. Acetalization in acidic conditions
IBD-ROH-H,S04 oxidized indane-1,3-dione to give the ketals and dimeric products. Under acidic conditions, the
ketals afforded ninhydrin (Scheme 15).7°

_________________________________________________________________

: IBD-ROH
i H,SO,

Scheme 15. Oxidation of indane-1,3-dione using IBD-ROH-H,SOa.

2.6. Addition: chromone to 2,3-dimethoxychromanone

When 3-hydroxy-2-(1-phenyl-3-aryl-4-pyrazolyl)chromones are treated with iodobenzene diacetate in
methanol, the formation of 2,3-dimethoxy-3-hydroxy-2-(1-phenyl-3-aryl-4-pyrazolyl)chromanones takes place
(Scheme 16).8% All of the products were tested in vitro against Gram-positive and Gram-negative bacteria.

Ph Ph
\ \
l\éeO \ /N I\él)eO \ /N
- > ~ Ar — » Ar
° OMe
(0] .. O
MeOH

Scheme 16. Addition to a double bond to produce dimethoxy derivatives.

2.7. Intramolecular cyclization of Schiff’s bases: synthesis of benzoxazoles

Phenolic Schiff’s bases underwent oxidative intramolecular cyclization using IBD as oxidant in methanol or
acetonitrile. The reaction resulted in the formation of 2-arylbenzoxazoles in high yields (Scheme 173).8! The
Schiff’s bases of o-aminothiophenol, p-chloro-o-aminothiophenol and aldehydes were subjected to oxidative
intramolecular cyclization using IBD as an oxidant in dry methanol to furnish 2-substituted benzoxazoles. The
reaction works in one-pot without isolating the intermediate Schiff’s bases.®?

Similarly, 2-(3-aryl-1-phenyl-4-pyrazolyl)benzoxazoles have been synthesized from the corresponding
Schiff’s bases using IBD-CH30H.83 Schiff’s bases, made with 0-amino, p-chloro-o-aminophenol and aryl/hetaryl
aldehydes, experience oxidative intramolecular annulation by the application of IBD in methanol to provide
the respective benzoxazoles (Scheme 17b). All of these 2-aryl/hetaryl-benzoxazoles were evaluated in vitro for
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their antibacterial and antifungal activities.®48> Pyrazolyl isoxazolines were synthesized by the 1,3-dipolar
cycloaddition reactions of pyrazolyl nitrile oxide with various activated alkenes in the presence of IBD/MeOH
containing a catalytic amount of TFA at room temperature.®

OH OH
ArCHO - Ph—I1< O
> ) OAc
X NH, MeOH, reflux  x CHAr

D -AcOH N
Ph/(\OAc (@)
| Fh Ph !
E / \ X N N\ E
O v
: OH Ar - MeOH Ar
! (b) |

Scheme 17. Intramolecular annulation for benzoxazole preparation.

2.8. Intramolecular cyclization of hydrazones: Synthesis of fused triazoles

In most of the intramolecular cyclizations of hydrazones, the syntheses of fused triazoles was achieved. 2-
Pyridyl and 2-quinylhydrazones were oxidatively cyclized to fused 1-aryl/hetryl-1,2,4-triazolo[4,3-a]pyridines
and 1-aryl/heteroaryl-5-methyl-1,2,4-triazolo[4,3-a]quinolines by using IBD-dichloromethane. Seven
compounds were tested for their antibacterial activity in vitro.#”®® Similarly, 4,6-dimethyl-2-
pyrimidinylhydrazones were successfully cyclized with IBD to afford 3-aryl/hetaryl-5,7-dimethyl-1,2,4-
triazolo[4,3-a]pyrimidines. The compounds were tested in vitro for the antibacterial activity.®

Treatment of arenecarbaldehyde benzothiazol-2-ylhydrazones with IBD in AcOH provided 1-acetyl-1-
(benzothiazol-2-yl)-2-aroylhydrazines as the products. Furthermore, the reaction in AcOH-H,SO4 gave the
bridgehead heterocycles, 1,2,4-triazolo[3,4-b]benzothiazoles. The acetylated product can also be converted to
the bridgehead heterocycle by refluxing in phenol.®® IBD-mediated oxidation of arenecarbaldehyde-4-
arylthiazol-2-ylhydrazones in DCM resulted in 3,5-diarylthiazolo[2,3-c]-S-triazoles as the major product by an
intramolecular cyclization (Scheme 18).°?

Phthalazine hydrazones are oxidized by IBD in DCM to afford ring construction giving cyclic
triazolophthalazine derivatives (Scheme 19 a-f).?? Bishydrazones of 1,3-dihydrazinylbenzene are treated with
two equivalents of IBD to give 9-diaryl-bis-1,2,4-triazolo[4,3-a][4,3-c]pyrimidines (Scheme 19a).°® Analogously,
bishydrazones of 2,4-dihydrazinopyrimidine are made with various araldehydes (and furfural) and treated with
IBD to synthesize 3,9-diaryl- and 3,9-difuryl-bis-1,2,4-triazolo[4,3-a][4,3-c]pyrimidines (Scheme 19b). The
products were tested for antibacterial activity.’® Oxidation of the pyrimidinylhydrazones of various
aryl/heteroaryl aldehydes using 1.1 equiv. of IBD in dichloromethane gave the cyclization products 3-
aryl/heteroaryl-5,7-dimethyl-1,2,4-triazolo[4,3-c]pyrimidines  (Scheme 19c).> Pyrazolylaldehyde N-
acylhydrazones were cyclized in the presence of IBD-DCM to deliver the analogous oxadiazoles, 2-phenyl-5-
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(1,3-diaryl-4-pyrazolyl)-1,3,4-oxadiazoles (Scheme 19d). The hydrazones obtained by the condensation of 2-
pyridylhydrazine and the appropriate 4-formylpyrazole were oxidized using IBD-DCM to give the cyclized
fused-triazole products, 3-(3-aryl-1-phenyl-1H-pyrazol-4-yl)-[1,2,4]triazolo[4,3-a]pyridines (Scheme 19e).%
The synthesized compounds were tested for antibacterial and antifungal activity.®” Hydrazones of
dihydrazinophthalazine, 1,4-bis(substituted benzalhydrazino)phthalazines were cyclized by IBD under mild
conditions to offer symmetrical 3,6-bis(aryl)bis([1,2,4]triazolo)[3,4-a:4’,3’-c]phthalazines (Scheme 19f).%8
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Scheme 19. Use of IBD in the construction of 1,2,4-triazole and 1,3,4-oxadiazole loop.
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Intramolecular cyclization of hydrazones of N-heterocyclic ketones and aldehydes is effected by using IBD-
DCM to achieve the synthesis of fused 1,2,3-triazoloheterocycles (Scheme 20).%°

Scheme 20. Intramolecular cyclization for fused 1,2,3-triazole formation.

2.9. Alkoxylation/acetoxylation

While 2,4-dihydroxyacetophenones give o-iodophenoxy ethers through the rearrangement of iodonium ylides,
2,5-dihydroxyacetophenones undergo a regioselective alkoxylation in different alcohols, thereby, providing a
new route for the synthesis of 6-alkoxy-2,5-dihydroxyacetophenones (Scheme 21a).1% Similarly, regioselective
acetoxylation of 6-hydroxyflavone and 6-hydroxyflavanones was effected with IBD-AcOH to obtain the 5-
acetoxylated products (Scheme 21 b).10!
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Scheme 21. Regioselective alkoxylation and acetoxylation.
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2.10. Dimerization

IBD was utilized in the dimerization of hydrazides in dry DCM or acetonitrile. Phenylactohydrazide, p-
substituted benzohydrazides and heterocyclic acid hydrazides were successfully dimerized to N,N-
diacylhydrazines (Scheme 22). The reaction involves the electrophilic attack of IBD on the lone pair of terminal
nitrogen of hydrazide to give the intermediate which undergoes reductive loss of Phl alongwith expulsion of
AcOH to generate acylimide. The acylimide is oxidized with second molecule of IBD followed by nucleophilic
attack by hydrazide at carbonyl to offer the product.??

Solid-state dimerization of acid hydrazides to N,N’-diacylhydrazines was effected using IBD. The contents
were thoroughly mixed in a conical flask for 1-5 min and pulverized by rubbing with a spatula against walls of
the flask, thus resulting in the evolution of nitrogen gas and a change of colour of the mixture from white to
dirty red. The completion of the reaction was marked by a change in state from solid to semi-solid, giving the
characteristic smell of iodobenzene. Alternatively, heating the solid reaction mixture on a water bath
completed the reaction in less than one minute.!%® Treatment of pyrazole-4-carboxaldehyde oximes with IBD
gave the dimerization products, 3, 4-bis-(1-phenyl-3-arylpyrazolyl)-1,2,5-oxadiazole-N-oxides, of the initially
formed nitrile oxides (Scheme 23).104
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Scheme 23. Pyrazole-4-carboxaldehyde oximes dimerized to 3, 4-bispyrazolyl-1, 2, 5-oxadiazole-N-oxides.
2.11. Oxidation of single bond

IBD-mediated facile oxidation of 1,3,5-trisubstituted pyrazolines to the corresponding pyrazoles was
successfully achieved (Scheme 24).19>
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Scheme 24. Oxidation of pyrazoline to pyrazole.

Pyrazolines are made by the condensation of 1,3-diarylprop-2-en-1-ones with phenylhydrazines, and
oxidized to the corresponding pyrazoles by using IBD-DCM. Some of the synthesized pyrazoles were tested for
antifungal acitivity.% In a similar manner, pyrazolines, made by combining 3-cinnamoyl-4-hydroxy-6-methyl-
2-pyrones (chalcone analogs of DHA) with phenylhydrazine, undergo dehydrogenation to the corresponding
pyrazoles, 5-aryl-3-(4-hydroxy-6-methyl-2H-pyran-2-oxo-3-yl)-1-phenylpyrazoles, while stirring the reaction
mixture with IBD-DCM for 2 hours (Scheme 25).1%7 Analogously, the pyrazolines obtained from chalcone
analogs of CI-DHA were converted to the homologous pyrazoles, 5-aryl-3-(4-chloro-6-methyl-2H-pyran-2-on-3-
yl)-1-phenylpyrazoles by the application of IBD.1%8

Ph _Ph
OH N-N OH N-N
I I
|\ Ar BD N ~ Ar
H,c” 07 Y0 DCM H.c”>o o

Scheme 25. Oxidation of pyrazoline from DHA-chalcone to pyrazole.

2.12. C-N cleavage
Heterocyclic acid hydrazides, when treated with IBD in nucleophilic solvents, afforded the products of C-N
cleavage, the corresponding esters or carboxylic acids (Scheme 26).1%°

0 IBD i |
' Het” NH 2 ROH Het” “OR |

Scheme 26. Conversion of acid hydrazides to esters or acids.
2.13. Regeneration of carbonyl moiety

Ketoximes undergo C-N bond cleavage when treated with IBD in DCM to afford the corresponding ketones
(Scheme 27) The mechanism for the deoximation reaction may involve the formation of nitroso intermediate.
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Evolution of nitrogen gas was observed in aromatic ketoximes. Probably, the nitroso intermediate undergoes

dimerization and the resulting dimer gives nitrogen gas on decomposition.
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Scheme 27. Carbonyl regeneration from its derivatives.

2.14. Miscellaneous
Various flavanones were converted to flavones and isoflavones depending upon the reaction conditions.
Appropriate reaction conditions can be selected to obtain the desired flavone or isoflavone product (Scheme

28).111
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Scheme 28. Organoiodine(lll) reagents in the conversions of flavanones.

3. [Hydroxy(tosyloxy)iodo]benzene

Hydroxy(tosyloxy)iodobenzene (HTIB), widely recognized as Koser’s reagent, functions both as an oxidant and
versatile group-transfer reagent. In addition to its classical application in a-tosyloxylation of enolizable
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ketones, HTIB has been effectively employed in oxidative rearrangements, including ring contraction and
expansion processes, as well as in oxidative cyclization reactions for the construction of oxygen and nitrogen-
containing heterocycles.’*2118 |t also plays a significant role in the dearomatization of phenols,
oxyfunctionalization and difunctionalization of alkenes (such as oxytosyloxylation), and oxidative cleavage of
carbon—carbon bonds.*12° Furthermore, HTIB-mediated transformations include the synthesis of a-
functionalized carbonyl compounds, intramolecular cyclizations, and tandem or cascade reactions that enable
the rapid assembly of complex molecular architectures.'?!~12> Contributions from various research groups have
expanded its scope to include ligand-exchange processes and the generation of reactive iodine(lll)
intermediates for novel bond-forming reactions.’?®1?7 Owing to its operational simplicity, high regio- and
chemoselectivity, and reduced toxicity compared to conventional metal-based oxidants, HTIB continues to
serve as a powerful and reliable reagent in the synthesis of structurally diverse, and biologically important,
molecules.

3.1. a-Functionalization: tosyloxylation

A remarkable reaction of HTIB is to effect a-tosyloxylation of enolizable ketones, i.e., to introduce the formal
equivalent of the tosyloxyenium ion (TsO*) directly onto the a-carbon.'?® a-Tosyloxyketones offer a superior
alternative to large number of syntheses that make the use of highly-lachrymatory a-haloketones used
conventionally. Reaction of various enolizable ketones with HTIB followed by treatment of the in situ
generated a-tosyloxyketone with sodium azide offered a one-pot procedure for the synthesis of a-azido
ketones in high yields (Scheme 29).

@ .
ER1QJ\R2 (i) PhI(OH)OTs, CH5CN, reflux RH)LRZE
(i) NaN, rt, 2-3 h

Scheme 28. Preparation of a-azidoketones through a-tosyloxyketones.

Generally, the tosyloxy-compounds are used as precursors for the formation of different heterocyclic
compounds, discussed in the upcoming section. Furthermore, in most of the cases, the approach provides the
direct synthesis of heterocycles without isolating the intermediate tosylates.

In addition to monotosyloxylation, HTIB promotes multiple tosylation pathways depending on substrate
structure and reaction conditions. For instance, a,a-ditosyloxyketones (gem-ditosylates) are formed via
successive tosyloxylation at the same a-carbon and a,B-ditosyloxylation, leading to the formation of a,f-
ditosyloxyketones (vic-ditosylates) through electrophilic addition across the enol/enone framework'?®. The
ditosylates constitute valuable bifunctional synthons, as the presence of two excellent tosyloxy leaving groups
enables diverse chemical transformations.

The reaction of enolizable ketones having a double bond, i.e., a,B-unsaturated ketones (benzalacetones)
with HTIB leads to regioselective tosyloxylation, giving a-tosyloxybenzalacetones, in good yields. This study
established that HTIB, a tosyloxylating agent, possessed selectivity for ketones in the presence of an a,B-
unsaturated conjugated double bond. The products obtained are potential precursors for various chemical
modifications to synthesize biologically-active heterocyclic compounds (Scheme 30).13°
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Scheme 29. Regioselective tosyloxylation of benzalacetones.

Tosyloxylation of aromatic rings bearing electron-withdrawing groups at the ortho position to a phenolic
group have been conducted to achieve the straightforward synthesis of 4-tosyloxy-2-substituted phenols. The
oxidation of ortho substituted phenols with HTIB in DCM at room temperature offers a novel and
regioselective approach for the tosyloxylation of ortho-substituted phenols. The monohydric phenols which
contained electron-withdrawing substituents (-NO;, -CHO, -CONH,, -COOCHj3, -COOPh) at the ortho position,
underwent smooth tosyloxylation to the corresponding 4-tosyloxy-2-substituted phenols.3!

The reaction of p-nitrophenol under similar reaction conditions, however, afforded 2-hydroxy-5-
nitrodiphenyliodonium tosylate which, upon basification with aqueous potassium carbonate, resulted in the
formation of stable ylides. Under similar reaction conditions, the reaction of o-methoxyacetophenone (an
electron-releasing group) afforded the a-tosyloxyketone. Therefore, it was concluded that the presence of the
o-hydroxy group is necessary to carry out nuclear tosyloxylation of the ring (Scheme 31).
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: HTIB, CHyCly /@ o |
' O,N " stirring, it O,N IPh O,N IPh

OCHs  HiB, HTIB, CH,Cly OCHs

stlrrmg rt

Scheme 30. Ring tosyloxylation and ylide formation.

3.2. Tosyloxyketones-mediated cyclization: Synthesis of heterocycles

3.2.1. Synthesis of unfused heterocycles. a-Tosyloxyketones, obtained by a-functionalization of enolizable
ketones using HTIB, were used for constructing the thiazole nucleus in a modified Hantzsch thiazole synthesis.
A considerable amount of work has been done on this reaction.

Tosyloxyketones, upon treatment with various binucleophiles such as thioureas and thioamides, result in
the formation of N-substituted-2-aminothiazoles (R = NHAr'), and 2-substituted thiazoles (R = Ar'),
respectively.327134 Many N-substituted-2-aminothiazoles (R = NHAr') have been synthesized by the treatment
of a-thiocyanatoacetophenones, obtained from the corresponding tosylates and potassium thiocyanate, with
the appropriate anilines.13>13% Also, these syntheses are successfully effected by a direct one-pot procedure,
thereby, omitting the step of isolation of the intermediate o-tosyloxyketones (Scheme 32a-e). The
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construction of new thiazole derivatives, 4-aryl-2-(2-(1-arylethylidene)hydrazinyl)thiazoles and 2-N-
acetylhydrazino-4-arylthiazoles, starting from aryl methyl ketones and thiosemicarbazones or N-
acetylthiosemicarbazide, respectively, have been reported (Scheme 32a).137138 |n g similar fashion, a-tosyloxy
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Scheme 31. a-Tosyloxyketones in (i) modified Hantzsch thiazole and (ii) imidazole synthesis.

derivatives of heteroaryl/aryl methyl ketones on treatment with rubeanic acid (dithiocarboxamide) lead to the
formation of 2-thiocarboxamidethiazoles which provides a useful method for the convenient synthesis of bi-,
ter- and quarter-heterocycles (Scheme 32b). Examples of such reactions include the synthesis of aryl(thienyl)-
and bis(thienyl)bithiazoles.'>® a-Tosyloxy derivative have been converted to 3,4-diarylthiazole-2(3H)-thiones
by the action of phenylammonium dithiocarbamate salt in ethanol (Scheme 32c).'*° The reaction of (E)-4-
arylbut-3-en-2-ones with HTIB followed by treatment with thioureas, thioamide, and thiobenzamide has
offered a one-pot synthesis of 2-substituted 4-styrylthiazoles (Scheme 32d).'*! 4-Pyrazolylthiazoles and 4-
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pyrazolylmercaptoimidazoles have been synthesized by the treatment of 4-acylpyrazoles with HTIB via the
intermediate 4-(a-tosyloxyacetyl)pyrazole (Scheme 32e).2*2 There is one report of the formation of a pyrazole
heterocycle by the reaction of ao,B-chalcone ditosylates with various reagents, such as phenylhydrazine
hydrochloride, semicarbazide hydrochloride and thiosemicarbazide in suitable conditions leading to a 1,2-aryl
shift. Similarly, the reaction of ditosylates with hydroxylamine hydrochloride leads to 4,5-disubstituted-
isoxazoles.1#3

3.2.2. Synthesis of fused heterocycles

3.2.2.1. Imidazo- and thiazolo-fused heterocycles. The synthesis of 3-substituted-5,6-dihydroimidazo([2,1-
blthiazoles has been carried out by exploiting the hypervalent-iodine oxidation of acetophenones with
[hydroxy(tosyloxy)iodo] benzene, followed by the treatment of the resultant a-tosyloxyacetophenones
(generated in situ) with ethylenethiourea. The same approach, starting from a carbonyl compound and a 2-
mercaptobenzimidazole, also afforded 3-phenylthiazolo[3,2-a]lbenzimidazole via the intermediate 2-
phenacylmercaptobenzimidazole.'#* Similarly, HTIB-mediated syntheses of substituted imidazo[1,2-a]pyridines
which showed prominent antifungal activity have been reported (Scheme 33).14

..............................................................................................
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Scheme 32. Synthesis of 3-substituted-5,6-dihydroimidazo[2,1-b]thiazoles and 3-phenylthiazolo[3,2-
albenzimidazoles.

3.2.2.2. Furo[3,2-cJcoumarins. The cyclocondensation of a-tosyloxyketones with 4-hydroxycoumarin has been
reported for the synthesis of furo[3,2-c]Jcoumarins via initial C—C bond formation, followed by a 5-exo-tet-
cyclization (2012).%¢ Based on this strategy, a modified one-pot multi-component protocol was subsequently
developed for the diastereoselective synthesis of variously-substituted trans-2,3-dihydrofuro[3,2-c]Jcoumarins
using a-tosyloxyacetophenones, aromatic aldehydes and 4-hydroxycoumarin in the presence of pyridine and
triethylamine (Scheme 34).147
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Scheme 33. One-step and two-step syntheses of furo[3,2-c]Jcoumarins via a-tosyloxyketones.

3.2.2.3. Synthesis of indeno-fused triazolo-thiadiazines. The HTIB-mediated synthesis of symmetrical triazolo-
[3,4-b]-1,3,4-thiadiazines has been achieved by a one-pot, two-step process. The products were tested for
their antibacterial properties.’*® The synthesis of a series of 3-alkyl/aryl-7/9-methyl-10,10a-dihydroindenol[1,2-
el[1,2,4]triazolo[3,4-b][1,3,4]thiadiazines has been achieved by the cyclocondensation between 4/6-methyl-2-
tosyloxy-1-indanones (obtained using HTIB in acetonitrile) and 3-alkyl/aryl-4-amino-5-mercapto-1,2,4-s-
triazoles (Scheme 35).14°
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Scheme 34. HTIB-mediated synthesis of triazolo-thiadiazines.

3.3. Elimination

A facile route for the synthesis of acetylenic ketones by the elimination of ditosyloxy groups of ditosylates
derived from a,B-chalcone has been described (Scheme 36). The acetylenic ketones are stable compounds
which are, otherwise, challenging to synthesize by other methods (Scheme 36).1>°
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Scheme 35. Synthesis of acetylenic ketones.

3.4. Acetalization

HTIB-mediated oxidation of various flavonols and o-naphthoflavonol leads to the formation of 2,3-dimethoxy-
3-hydroxyflavanones and 2,3-dimethoxy-3-hydroxy- a -naphthoflavanone, respectively. HTIB resembles
periodic acid in its oxidative behavior towards flavonols. The reaction, with a slight excess of HTIB in methanol,
occurs spontaneously, and the corresponding 2,3-dimethoxy-3-hydroxyflavanones [methyl 3- hemiacetals of
2-methoxy 3,4-flavandione] are formed. a-Naphthoflavonol also undergoes the same type of oxidation, and
the methyl 3-hemiacetals of 2-methoxy 3,4-naphthoflavandione are formed in good yield (Scheme 37).%°1
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Scheme 36. Addition to double bond in flavanols.

Upon reaction with methanolic potassium hydroxide, different a-tosyloxyketones afford the
corresponding a-hydroxy-dimethylacetals (Scheme 38).132
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Scheme 37. Synthesis of a-hydroxy-dimethylacetals from tosyloxyketones in basic medium.

3.5. Rearrangement

3.5.1. 1,2-aryl shift. Oxidation of flavanones using HTIB/MeOH affords the corresponding flavones®3 whereas
HTIB/MeCN-mediated oxidation of flavanones (2-aryl-2H-1-benzopyran-4(3H)-ones), leads to a 1,2-aryl shift,
providing an efficient route to isoflavones (3-aryl-4H-1-benzopyran-4-ones) (Scheme 39).1>*

R
|

HTIB, MeCN
R2 —_— RZ

Scheme 38. Rearrangement of flavanones to isoflavones.

Oxidation of chromanones and 2-spirochromanones using HTIB in refluxing acetonitrile, as well as using
ultrasound, provides a convenient route for the synthesis of chromones, tetrahydroxanthones and their higher
homologues via dehydrogenation and 2,3-alkyl migration. The ultrasound also substantially enhanced the rate
of the above transformations (Scheme 40).1>°

R
R3 HTIB, MeCN |
R1 reflux or ultrasonic R R3

.............................................................

Scheme 39. Dehydrogenation and alkyl migration in chromanones.
The oxidation of 3-cinnamoyl-4-hydroxy-6-methyl-2H-pyran-2-ones with HTIB in DCM led to cyclization,

thereby, providing a new and convenient route for the synthesis of 3-aryl-7-methylpyrano[4,3-b]pyran-4H,5H-
diones (Scheme 41).1°¢
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Scheme 40. Intramolecular cyclization and migration in DHA-chalcones.

3.5.2. Rearrangement through an ylide. The oxidation of 2-methyl-4-quinolones by HTIB in acetonitrile or
DCM gave phenyliodonio tosylate, and then monocarbonyl iodonium ylides, which rearranged to 2-methyl-3-
iodo-4-phenoxyquinolines (Scheme 42).%>7

: N.__Me Ny Me N._Me

: | HTIB Y 4

' R —_— R = _— > R I/Ph

: MeCN/DCM

: o OH ¢ & OH.TsOH

l 1,0
Me

N Me MeOH NS K,CO; Ny Me

' e

. P -~ ~*-Ph < A~ +-Ph
'R | R -TsOH R O
: OPh o OH

R=H, Me, OMe, CI

Scheme 41. Rearrangement of 4-quinolones to 3-iodo-4-phenoxyquinoline derivatives.

3.6. Regeneration of carbonyl moiety

Hypervalent iodine oxidation of carbonyl derivatives of dehydroacetic acid and its analogs, leads to a mild and
efficient regeneration of the parent carbonyl compounds leaving the pyrone moiety intact (Scheme 43a).1>®
The HTIB-mediated regeneration of carbonyl compounds from various derivatives of carbonyl compounds of
aryl and heteroaryl hydrazines containing adjacent nitrogen atoms has been reported. These types of
hydrazones are cleaved oxidatively by HTIB, giving back the carbonyl compounds, while cyclisation occurred
with iodobenzene diacetate (IBD) (Scheme 43b).1>°

.................................................................................

OH NY OH O LA

N wmoiHc, X A AR HTe HL0
v H N —

Me” 0”0 ) | Y A

e (i) HTIB/CH,Cl; e S0 N0 (a : Ar (b)

Scheme 42. Hypervalent iodine(lll)-mediated regeneration of carbonyl group.
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3.7. Dimerization
a-Anilinoacetophenones efficiently undergo oxidative dimerization to give 1,4-diaryl-2-(arylamino)but-2-ene-
1,4-diones using HTIB (Scheme 44).160

..................................................................

Scheme 43. HTIB in the dimerization of ai-anilinoacetophenones.

3.8. Aromatization

The synthesis of a series of diethyl-1,4-dihydro-2,6-dimethyl-4-(3-aryl-1-phenyl-4-pyrazolyl)pyridine-3,5-
dicarboxylates by the multicomponent-cyclocondensation reaction of ethylacetoacetate, 3-aryl-1-
phenylpyrazole-4-carboxaldehyde, and ammonium acetate, was carried out in 2011. The dihydropyridines
were smoothly converted to diethyl-2,6-dimethyl-4-(3-aryl-1-phenyl-4-pyrazolyl)pyridine-3,5-dicarboxylates
using HTIB as the oxidizing agent (Scheme 45). The compounds were evaluated for their antimicrobial
activity.'!

2,
I av " Q

N_
Ethanol N x HTIB, DCM N-
* > AN

2 CH3COOCH,COOEt EtOOC COOEt
N | EtOOC COOEt

I
2 CH;COONH, HyC H CHs

Scheme 44. HTIB-mediated aromatization of dihydropyridines.

3.9. Oxidative lactonization
Oxidation of 5-ketoacids and 4,6-diketoacids using HTIB in DCM afforded keto-y-lactones, and diketo-6-
lactones, under refluxing conditions and at room temperature, respectively (Scheme 46).162

.......................................

COOH O
HTIB ¢
—_—
DCM
0 o)

Scheme 45. Lactonization of 5-ketoacid to a keto-y-lactone.
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4. Dichloroiodobenzene

(Dichloroiodo)benzene (PhIClz), an iodine(lll) reagent, is a versatile electrophilic chlorinating and oxidizing
agent widely employed in organic synthesis. Due to its highly polarized |-Cl bonds, and strong electrophilic
character, it facilitates a variety of transformations, including electrophilic chlorination of arenes and
activated-methylene compounds, a-chlorination of carbonyl compounds, and vicinal dichlorination of
alkenes.'%3164 |n addition, PhICl,, also participates in oxidative cyclization reactions leading to heterocycles,
oxidative rearrangements, and C-heteroatom bond-forming reactions, such as chloroamination and
chlorolactonization.®>1% PhICl,is also utilized in tandem halogenation—functionalization reactions and in
combination systems (e.g., with thiocyanate salts) for oxidative thiocyanation.

4.1. Thiocyanation

a-Thiocyanation of carbonyl compounds and esters is achieved by the reaction of enol silyl ethers of
acetophenone, 2-acetylfuran, 2-acetylthiophene, 2-acetyl pyridine, cyclopentanone and ketene silyl acetals of
arylacetic esters in combination with PhICl, and lead(ll) thiocyanate, thus affording the corresponding a-
thiocyanated ketones and esters.'®’ Following this method, a-thiocyanation of various enol silyl ethers, ketene
silyl acetals, and PB-dicarbonyl compounds has been successfully performed.l®® A stereoselective 1,2-
dithiocyanation of various alkynes was accomplished by using the reagent combination of PhICl; and lead(ll)
thiocyanate in DCM at 0-5°C (Scheme 47).16°

! /(QMS PhICl,, Pb(SCN),,/ CH,Cl, j\/ L PhICI,, Pb(SCN),,/ CH,Cl, i
i 5 , SCN ! E1RMR2 0°C TR R?
:R 0°C,1h,rt, 10 min R Lo R R SCN
| T N |
»H PhICI,, Pb(SCN), N PhicpPoseN), SN
| X _OTMS > o ' 'R—== < :
v Ar dry CH,Cl,, 0°C, 2h  Ar b CHxCl;, 0-5°C  NCS  R%Z !
; OR OR | ! !

| Ph 5

| NCS\|+/Ph 'R ~I—SCN 'R SCN

', __ _, [PhI(SCN),] A T L) -Phl — 5

| R=—"RY ————— | R, Ry NCS  R? NCS  R?

5 “SCN :

Scheme 46. Thiocyanation by using combination of (dichloroiodo)benzene and lead(ll) thiocyanate.
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Scheme 47. Thiocyanation using PhICl,-KSCN/CH,Cl,: Formation of oxathiole and bis-oxathiole products.

The thiocyanation of a-substituted-B-dicarbonyl compounds using PhICl,-KSCN/CH,Cl, was carried out to
afford the corresponding 2-thiocyanato derivatives. The scope of this reagent system was subsequently
extended to the thiocyanation of phenols and anilines. Substrates such as phenol, catechol, a-naphthol,
aniline, substituted anilines, and a-naphthylamine were successfully converted into their respective p-
thiocyanato derivatives. Interestingly, in certain cases, namely B-naphthol and hydroquinone, the reaction did
not stop at simple thiocyanation. Instead, it led to the formation of oxathiole and bis-oxathiole products,
respectively, by an intramolecular cyclization of the initially formed thiocyanato or dithiocyanato
intermediates (Scheme 48).17°

4.2. Electrophilic chlorination

Oxidation of 2-aryl-2,3-dihydro-4(1H)-quinolones with PhICLin DCM at room temperature resulted in
regioselective chlorination, thereby, offering an efficient method for the synthesis of new 2-aryl-6-chloro-2,3-
dihydro-4(1H)-quinolones (Scheme 49). 171
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Scheme 48. Regioselective chlorination of 2-aryl-2,3-dihydro-4(1H)-quinolones.

4.3. Formation of ylides
Using (dichloroiodo)arenes, formation of synthetically useful aryliodonium ylides of 2,6-dimethylpyrimidin-4-

ol, in agueous medium at room temperature, was achieved. The mechanistic pathway for the formation of
iodonium ylides involves the electrophilic attack of (dichloroiodo)benzene at the C-5 position of pyrimidine to form the
intermediate which subsequently undergoes elimination of one molecule of HCl under basic conditions to give the ylide.

The ylide products were evaluated for antibacterial activity against Escherichia coli and Bacillus licheniformis
(Scheme 50).172

cl ..
SN ‘ a0 A O
“ N TNy T — ke
SN X X Iy
HyC CHy HeC” N"CH;  HyC” SN” “CH H,C” N7 CH

Scheme 49. Formation of aryliodonium ylides from 2,6-dimethylpyrimidin-4-ol.
5. lodosobenzene

lodosobenzene (PhIO) is a prominent iodine(lll) reagent that functions primarily as an oxygen-transfer oxidant
in organic synthesis. Possessing a polarized |=0 bond and polymeric structure, PhlO exhibits significant
electrophilic and oxidizing character, enabling a variety of synthetically useful transformations. It is widely
employed in oxygen-transfer reactions such as epoxidation of alkenes, and oxidation of sulfides to sulfoxides,
often in the presence of metal catalysts. In addition, PhlO participates in oxidative cyclization reactions,
dehydrogenation reactions, and oxidative functionalization of C—H bonds. It is also known for facilitating
nitrene-transfer reactions (in combination with suitable nitrogen sources) leading to aziridination of alkenes
and amination reactions. Furthermore, PhlO is utilized in the generation of high-valent metal-oxo species,
making it valuable in biomimetic-oxidation chemistry. Owing to its versatility and relatively mild reaction
conditions, PhlO remains an important reagent in both synthetic and mechanistic organic chemistry.

5.1. a-Functionalization of carbonyl compounds from the oxidation of silyl enol ethers

The wide applicability of IBD-KOH/MeOH to bring about a-hydroxylations of ketones and some a,B-
unsaturated ketones suffers from the following shortcomings: (i) hydrolysis of some acetals to ketones is
problematic, (ii) certain compounds that contain groups sensitive to strongly basic conditions are affected
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during oxidation, thereby, giving poor results, and (iii) the method is limited to a-hydroxyketones.
lodosobenzene lacks the above said shortcomings and is, therefore, used in many a-hydroxylation reactions.

5.1.1. a-Hydroxylation. Hypervalent-iodine oxidation of various silyl enol ethers (aromatic, heteroaromatic,
and aliphatic) using PhlO-BF3.0Et,-H,0- provides a general and direct route for the a-hydroxylation of ketones.
Enol silyl ethers of ketones are oxidized to hydroxymethyl aryl ketones (Scheme 51).173-175

.............................................................

Scheme 50. Formation of a-hydroxymethyl aryl ketones from enol silyl ethers.

The oxidation of 1-trimethylsilyloxy,1-(2'-trimethylsilyloxyphenyl)ethene with PhlO-BF;.0Et,-H,0 affords
two major products, namely, 3-coumaranone and 2, 2'-dihydroxyacetophenone. Formation of the
coumaranone is explained by neighboring-group participation of the adjacent hydroxyl group. The 1,4-
diketone and o-hydroxyacetophenone are minor products (Scheme 52).176

OSIM63 / (;g(CH2 CHZ\'QQ
Cr e

OSIMes ii
oo

i = (PhlO)n, BF3.Et,0; ii = (PhlO)n, BF5.Et,0 + H,0

Scheme 51. Oxidation of 1-trimethylsilyloxy-1-(2'-trimethylsilyloxyphenyl)ethane using (PhlO)n, BF3.Et,0.

5.1.2. a-Methoxylation. Hypervalent-iodine oxidation of methylsilyl ketene acetals of esters and lactones,

using PhlO in methanol, affords the corresponding methoxylated carbonyl compounds in good yields (Scheme
53).177

' R2 OMe oo :
R _OTMS (Phio)n JF L @\ (PhIO)n L—L\ :
;R1: <OR3 MeOH R27L COOR™: OTMS  MeOH o

Scheme 52. (PhlIO)n-MeOH in the oxidation of methylsilyl ketene acetals of esters and lactones.
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5.2. Aldehydes to esters
Various aliphatic and aromatic aldehydes are oxidized with PhlO in combination with KBr in aqueous MeOH to

offer the corresponding methyl esters. However, the method is not straightforward for the synthesis of
heteroaryl esters (Scheme 54).178

OK
(PhIO)n + KBr —— Ph—I
Br
oK
Ph—] @K
Ph—I
Br )
R/Eo ROH R. OH R O
H -R'OH RO™ H -HBr MeO™ H
(R' = Me)
-PhI
- KOH
fox R
Ph—Iy Phi R aq. MeOH >=O
|
R. O =0 ——F  MeO
KOH
Pais H HCI
HO™ H

Scheme 53. Oxidation of aliphatic/aromatic aldehydes by (Phl1O)n-KBr-MeOH.

5.3. Rearrangement

Various chalcones, acetophenones and styrenes react in the presence of PhiIOMeOH as well as HTIB/MeOH, in
combination with a catalyst such as FSOsH, CF3SOsH or BF3Et,0, to yield rearranged products.'’”® The use of
hypervalent-iodine reagents for the synthesis of chromon-6-ylalkanoic acids from the corresponding 6-
acylchromones, by a 1,2-aryl migration, has been described (Scheme 55a-b).!8° The ring expansion of lactones
via oxidation of the derived trimethylsilyloxycyclopropanols to the higher homologous a,B-unsaturated
lactones was reported by Moriarty et al. in 1990 (Scheme 55c).*8!
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Scheme 54. Organoiodine(lll) reagents to offer rearranged products.

5.4. Carbon-Carbon bond formation

Hypervalent-iodine-mediated oxidation of silyl enol ethers under Lewis-acid conditions leads to an
intermediate that is the synthetic equivalent of a carbonium ion. Upon addition of H,0, MeOH, and EtOH, the
respective a-substituted products are produced in excellent yield (Scheme 56). 182

Ar-C-Me i, i —C-CH,CH;—C-Ar Ar-g—CHZORE
o @) |

! (i) CISiMes, Et;N-dimethylformamide 5
! (il) BF3.Et,0, PhlO :

Scheme 55. Role of (PhlO)n-BF;0.Et;0 in C-C bond formation.
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5.5. Carbon-Carbon bond Cleavage

PhlIO in combination with the Vilsmeier—Haack reagent offers a novel and convenient method for C-C bond
cleavage of dehydroacetic acid, with the formation of 3-chloro-4-hydroxy-6-methyl-2H-pyran-2-one (Scheme
57).183

OH O OH !

R cl

| X (PhIO)n. POCl3/ DMF | X !

1 HC” "O0” TS0 H,C™ O™ ~0 .

Scheme 56. PhlO-mediated C-C bond cleavage.
6. Conclusion

Prof. Om Prakash’s scientific contributions span an impressive breadth of synthetic organic chemistry, with his
most distinguished work centered on the development and application of hypervalent iodine reagents in
diverse organic transformations. The research has furnished valuable methodologies for oxidative cyclizations,
heterocyclic construction, and functional group interconversions and rearrangements, significantly advancing
the synthetic utility of iodine (lll) systems.
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