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Abstract

This review summarizes the chemistry of hypervalent iodine(Ill) compounds with emphasis of
their synthetic applications. The preparation and reactions of (difluoroiodo)arenes,
(dichloroiodo)arenes, iodosylarenes, [bis(acyloxy)iodo]arenes, and aryliodine(III)
organosulfonates are overviewed. Application of these reagents allows mild and highly selective
oxidative transformations in a facile and environmentally friendly manner. Some of these useful
transformations can be carried out using organoiodine(IIl) compounds as catalysts or recyclable
reagents.

Keywords: Hypervalent iodine, oxidation, (difluoroiodo)benzene, (dichloroiodo)benzene,
iodosylbenzene, (diacetoxyiodo)benzene, [hydroxy(tosyloxy)]iodobenzene, catalysis, recyclable
reagents

Contents

1. Introduction

2. Classification and General Structural Features of Organic Iodine(III) Compounds
3. Preparation of Hypervalent lodine(I1I) Compounds
3.1. (Difluoroiodo)arenes

3.2. (Dichloroiodo)arenes

3.3. Iodosylarenes

3.4. [Bis(acyloxy)iodo]arenes

3.5. Aryliodine(III) Organosulfonates

4. Halogenations using Hypervalent lodine(IIl) Reagents
4.1. Fluorinations

4.2. Chlorinations

4.3. Brominations and Iodinations

5. Oxidative Transformations of Organic Substrates

ISSN 1551-7012 Page 1 ARKAT USA, Inc.


mailto:vzhdanki@d.umn.edu

Special Issue Reviews and Accounts ARKIVOC 2009 (i) 1-62

5.1. Oxidation of alcohols

5.2. Oxidative functionalization of carbonyl compounds, alkenes, and arenes
5.3. Oxidative rearrangements and fragmentations

5.4. Oxidative dearomatization of phenolic substrates

5.5. Oxidative coupling of aromatic substrates

5.6. Radical rearrangements

5.7. Thiocyanations, azidations, arylselenations, and aryltellurations
5.8. Transition metal catalyzed reactions

6. Hypervalent lodine Compounds as Catalysts and Reusable Reagents
6.1. Catalytic utilization of hypervalent iodine reagents

6.2. Polymer-supported and recyclable hypervalent iodine reagents

7. Conclusion and Outlook

Acknowledgements

References

1. Introduction

In the past decade, the organic chemistry of iodine has experienced a rapid development. This
growing interest in iodine compounds is mainly due to the mild and highly selective oxidizing
properties of hypervalent iodine reagents, combined with their benign environmental character
and commercial availability. Organic iodine(Ill) and iodine(V) derivatives are now routinely
used in organic synthesis as reagents for various selective oxidative transformations of complex
organic molecules. Several reviews, books and book chapters, some comprehensive, but most
dealing with specific aspects of polyvalent organoiodine chemistry, have been published just in
the last 5-6 years.' Particularly noteworthy was the publication of commemorative issue of
ARKIVOC honoring Prof. Anastasios Varvoglis, in which 22 research articles and accounts
covered all key areas of hypervalent iodine chemistry.® In 2006, we have published a review in
ARKIVOC on the synthetic applications of pentavalent iodine compounds, including 2-
iodoxybenzoic acid (IBX), Dess-Martin periodinane (DMP), and new pseudocyclic derivatives
of 2-iodoxybenzoic acid.”® The purpose of the present review is to summarize the chemistry of
hypervalent iodine(Ill) compounds with emphasis on recent synthetic applications; literature
coverage is through the end of 2008.

2. Classification and General Structural Features of Organic Iodine(III)
Compounds

Organic iodine(Ill) compounds are commonly classified by the type of ligands attached to the
iodine atom.'™® The following general classes of iodine(Ill) compounds have found broad
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application in organic synthesis: (difluoroiodo)arenes 1, (dichloroiodo)arenes 2, iodosylarenes 3,
[bis(acyloxy)iodo]arenes 4, aryliodine(Ill) organosulfonates 5, five-membered iodine
heterocycles (benziodoxoles 6 and benziodazoles 7), iodonium salts 8, iodonium ylides 9, and
iodonium imides 10 (Scheme 1). (Difluoroiodo)arenes 1 and (dichloroiodo)arenes 2 are effective
fluorinating and chlorinating reagents, respectively. lodosylarenes 3, aryliodine(III) carboxylates
4 and organosulfonates 5 in general are strong oxidizing agents and have found widespread
application as reagents for oxygenation and oxidative functionalization of organic substrates. The
most important and commercially available representatives of aryliodine(Ill) carboxylates are
(diacetoxyiodo)benzene PhI(OAc),, which has several commonly used abbreviations, such as
DIB, PID, PIDA (phenyliodine diacetate), IBD, or IBDA (iodosobenzene diacetate), and
[bis(trifluoroacetoxy)iodo]benzene PhI(OCOCFs),, abbreviated as BTI or PIFA [(phenyliodine
bis(trifluoroacetate)]. In this review, the abbreviations DIB and BTI will be used. The most
important representative of aryliodine(III) organosulfonates, the commercially available
[hydroxy(tosyloxy)iodo]benzene PhI(OH)OTs, is abbreviated as HTIB and is also known as
Koser's reagent.

X
F cl ¢ R oH
Ar—I| Ar—I (ArlO), Ar—I| Ar—I
I I ! I
F Cl OTR OSO,R
1 2 3 4 O 5
Y f
I I
/C: ’N_
N 5 R R™°R R
6 7 8 9 10

X =Me, CFzo0r2X =0;
Y =OH, OAc, N3, CN, etc.; Z=H, Ac, etc.

Scheme 1. Common classes of polyvalent iodine(IIl) compounds.

The heterocyclic iodanes 6 and 7 have a considerably higher stability than that of their
acyclic analogues, which makes possible the isolation and practical use of several otherwise
unstable iodine(IIl) derivatives. A comprehensive review on the chemistry of hypervalent iodine
heterocycles 6 and 7 was published in Current Organic Synthesis in 2005." Todonium salts 8 in
general do not possess any significant oxidizing properties, but have a diverse reactivity pattern
mainly due to the exceptional leaving group ability of the -IAr fragment. lodonium ylides 9 and
imides 10 are excellent carbene and nitrene precursors, respectively. In a widely accepted
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terminology, structural types 1-7 are commonly referred to as “hypervalent iodine reagents”,
while iodonium salts 8, ylides 9 and imides 10 usually are classified separately. In the present
review, the preparation and chemistry of structural classes 1-5 will be discussed.

General aspects of structure and bonding in hypervalent iodine(III) organic compounds, or
\’-iodanes according to the IUPAC nomenclature, have been summarized by Ochiai in a chapter
in the volume on Hypervalent Iodine Chemistry in Topics in Current Chemistry.'"® A brief
summary of the key structural features of hypervalent iodine(III) compounds is provided below.
The iodine atom in A’-iodanes, RIX,, has a total 10 electrons and the overall geometry of a
distorted trigonal bipyramid with two heteroatom ligands X occupying the axial positions, and
the least electronegative carbon ligand R and both electron pairs residing in equatorial positions.
In the hypervalent model, bonding in RIX, uses the non-hybridized 5p orbital of iodine in the
linear X—I-X bond. Such a linear three-center, four-electron (3c—4e) bond is highly polarized and
is longer and weaker compared to a regular covalent bond. This bond is termed “hypervalent”
and the presence of this bond in A*-iodanes is responsible for their high electrophilic reactivity.
Structural aspects of hypervalent iodine compounds have been investigated by numerous
research groups,'>* most notably by Katritzky and coauthors in a series of papers published in
1989-1990. Several areas of structural research on hypervalent organoiodine have recently
attracted especially active interest. These areas include the preparation and structural study of
complexes of hypervalent iodine compounds with crown ethers** or nitrogen ligands,”™® self-
assembly of hypervalent iodine compounds into various supramolecular structures," and the
intramolecular secondary bonding in hypervalent iodine derivatives.*s"

Typical coordination patterns in various organic derivatives of iodine(IIl) in the solid state
with consideration of primary and secondary bonding have been summarized by Sawyer and
coauthors™ in 1986 and updated in recent publications.”®*

Several important spectroscopic structural studies of polyvalent iodine compounds in the
solution have been published.® Hiller and coauthors reported NMR and LC-MS study on the
structure and stability of 1-iodosyl-4-methoxybenzene and 1-iodosyl-4-nitrobenzene in methanol
solution.”® Interestingly, LC-MS analyses provided evidence that unlike the parent
iodosylbenzene, which has a polymeric structure, the 4-substituted iodosylarenes exist in the
monomeric form. Both iodosylarenes are soluble in methanol and provide acceptable 'H and "*C
NMR spectra; however, gradual oxidation of the solvent was observed after several hours.*
Cerioni, Mocci and coauthors investigated the structure of bis(acyloxy)iodoarenes and
benzoiodoxolones in chloroform solution by 'O NMR spectroscopy and also by DFT
calculations.®® This investigation provided substantial evidence that the T-shaped structure of
iodine(IIT) compounds observed in the solid state is also adopted in solution. Furthermore, the
“free” carboxylic groups of bis(acyloxy)iodoarenes show a dynamic behavior, observable only in
the '’O NMR. This behavior is ascribed to a [1,3] sigmatropic shift of the iodine atom between
the two oxygen atoms of the carboxylic groups, and the energy involved in this process varies
significantly between bis(acyloxy)iodoarenes and benzoiodoxolones.® Silva and coauthors
analyzed solutions of bis(acyloxy)iodobenzenes in acetonitrile, acetic acid, aqueous methanol
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and anhydrous methanol by electrospray ionization mass spectrometry (ESI-MS) and tandem
mass spectrometry (ESI-MS/MS).® The major species found in the solutions of PhI(OAc), in
acetonitrile, acetic acid, and aqueous methanol are [PhI(OAc),Na]’, [PhI(OAc),K]", [PhI]",
[PhIOAc]”, [PhIOH]", [PhIO,Ac]”, [PhIO,H]" and the dimer [Phy],0,Ac]".*

Several theoretical computational studies concerning the structure and reactivity of
hypervalent iodine compounds have appeared in the last 10 years.”® In particular, Kiprof has
analyzed the iodine oxygen bonds of hypervalent 10-1-3 iodine(Ill) compounds with T-shaped
geometry using the Cambridge Crystallographic Database and ab initio MO calculations. The
statistical analysis of the I-O bond lengths in PhI(OR), revealed an average of 2.14 A and a
strong correlation between the two bond lengths.” Further theoretical investigation of the mutual
ligand interaction in the hypervalent L-I-L’ system has demonstrated that ligands’ trans
influences play an important role in the stability of hypervalent molecules.”” In particular,
combinations of ligands with large and small frans influences, as in PhI(OH)OTs, or of two
moderately trans influencing ligands, as in PhI(OAc),, are favored and lead to higher stability of
the molecule. trans Influences also seem to explain why iodosylbenzene, (PhlO),, adopts an oxo-
bridged zigzag polymer structure in contrast to PhI(OH),, which is monomeric.”

The structure and reactivity of several specific classes of hypervalent iodine compounds were
theoretically investigated.® Goddard and Su have theoretically investigated the mechanism of
alcohol oxidation with 2-iodoxybenzoic acid (IBX) on the basis of density functional quantum
mechanics calculations.*® It has been found that the rearrangement of hypervalent bonds, so
called hypervalent twisting, is the rate-determining step in this reaction. Based on this
mechanism, the authors explain why IBX oxidizes large alcohols faster than small ones and
propose a modification to the reagent predicted to make it more active.*

Very recently, Quideau and coauthors reported DFT calculations of spiroheterocylic iodine(III)
intermediates to validate their participation in the PhI(OAc),-mediated spiroketalization of
phenolic alcohols.™

3. Preparation of Iodine(III) Compounds
3.1. (Difluoroiodo)arenes

Various (difluoroiodo)arenes can be prepared by the fluorination of iodoarenes with powerful
fluorinating reagents, such as F,, CIF, CF;0Cl, BrFs, C¢FsBrF,, C¢FsBrFa, XeF,, XeF,/BFs3, etc.'
A convenient procedure for the preparation of (difluoroiodo)benzene and 4-(difluoroiodo)toluene
consists of direct fluorination of the respective iodoarenes with the commercially available
fluorinating reagent Selectfluor in acetonitrile solution.”

An older general procedure for the preparation of (difluoroiodo)arenes involves a one-step
reaction of mercuric oxide and aqueous hydrofluoric acid with the (dichloroiodo)arenes in
dichloromethane.”® A drawback of this method is the use of a large quantity of harmful HgO in

ISSN 1551-7012 Page 5 ARKAT USA, Inc.



Special Issue Reviews and Accounts ARKIVOC 2009 (i) 1-62

order to remove the chloride ion from the reaction mixture. A convenient modified procedure
without the use of HgO consists of the treatment of iodosylarenes with 40-46% aqueous
hydrofluoric acid (Scheme 2) followed by crystallization of resulting (dichloroiodo)arenes from
hexane.”® It is important that the freshly prepared iodosylarenes are used in this procedure.

46% HF/H,0, CH,Cl,, rt
ArlO - Arl |:2
79-86%

Ar = Ph, 4-Tol, 4-CICgH,, 4-NO,CgHy, etc.

Scheme 2

(Difluoroiodo)arenes are extremely sensitive to moisture and are commonly used as a freshly
prepared solution, without isolation. Very recently, DiMagno and coauthors reported a
convenient procedure for almost quantitative generation of PhIF, in acetonitrile solution by the
reaction of (PhI(OAcy with anhydrous tetrabutylammonium fluoride under absolutely dry
conditions.”

3.2. (Dichloroiodo)arenes

The most general approach to (dichloroiodo)arenes involves the direct chlorination of iodoarenes
with chlorine in a suitable solvent, such as chloroform or dichloromethane.'® This method can be
applied to a large scale (20-25 kg) preparation of PhICI, by the reaction of iodobenzene with
chlorine at -3 to +4 °C in dichloromethane.'® The direct chlorination of the appropriate
iodoarenes has recently been used for the preparation of 4,4'-bis(dichloroiodo)biphenyl and 3-
(dichloroiodo)benzoic acid, which are convenient recyclable hypervalent iodine reagents.10d

In order to avoid the use of elemental chlorine, the chlorination of iodoarenes can be effected in
situ in aqueous hydrochloric acid in the presence of an appropriate oxidant, such as KMnOs,
activated MnQO,, KC10Os3, NalOs, concentrated HNO3, NaBO3, Na,CO3*H,0,, Na;S,0g, CrOs, and
the urea-H,O, complex.'™ A recently reported convenient and mild approach to
(dichloroiodo)arenes consists of the chlorination of iodoarenes using concentrated hydrochloric
acid and aqueous sodium hypochlorite (Scheme 3).llb Sodium chlorite, NaClO,, can also be used
in this procedure; however, in this case the chlorination takes longer time (3 hours at room

temperature) and the yields of products are generally lower.'"

NaCIO (5.84%), HCI, H,0, 15 °C, 5 min

Arl ArlCl
r 94-100% 2

Ar = Ph, 4-MeC6H4, 2-FC6H4, 2-BI'C6H4, 3-BI'CGH4, 4-BI'C6H4,
4-C|C6H4, 3-NO2CGH4, 4-N02C6H4, 4-PhCGH4, etc.

Scheme 3
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(Dichloroiodo)arenes are generally isolated as light and heat sensitive yellow crystalline
solids, which are insufficiently stable for extended storage even at low temperatures.

3.3. Iodosylarenes

The most important representative of iodosylarenes, iodosylbenzene, is best prepared by alkaline
hydrolysis of (diacetoxyiodo)benzene.'** The same procedure can be used for the preparation of
a variety of ortho-, meta-, and para-substituted iodosylbenzenes from the respective
(diacetoxyiodo)arenes (Scheme 4).°*'? This procedure, for example, was recently used for the
preparation of 4-methoxyiodosylbenzene,”  4-nitroiodosylbenzene®™ and  pseudocyclic
iodosylarenes bearing tert-butylsulfonyl'* or diphenylphosphoryl'®® groups in the ortho-

position.
3N NaOH, H,0,0°C tort
Arl(OAc), ArlO
64-95%
Ar = 4-MeOCgHy, 4-NO,CgH,, 4-MeCgHy, 2—ButSO2CsH4,
2-Ph2P(O)C6H4, 4-CF3(2-BUtSOZ)C6H3, etc.
Scheme 4

An alternative general procedure for the preparation of iodosylarenes employs the alkaline
hydrolysis of (dichloroiodo)arenes under conditions similar to the hydrolysis of
(diacetoxyiodo)arenes.'** In a modified procedure aqueous tetrahydrofuran is used as the solvent

for the hydrolysis of para-substituted (dichloroiodo)arenes (Scheme 5).13°

NaOH, H,O/THF (1:1), rt, 1 min
R icl, ROIO
61-81%

R =H, Me, CI, NO,

Scheme 5

Iodosylbenzene is a yellowish amorphous powder, which cannot be recrystallized due to its
polymeric nature; it dissolves in methanol with depolymerization affording PhI(OMe),. Heating
or extended storage at room temperature results in disproportionation of iodosylbenzene to Phl
and a colorless, explosive iodylbenzene, PhlO,. A violent explosion of a sample of
iodosylbenzene upon drying at 110 °C in vacuum has been reported.'*
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3.4. [Bis(acyloxy)iodo]arenes

Two general approaches are used for the preparation of [bis(acyloxy)iodo]arenes: (1) the
oxidation of iodoarenes in the presence of a carboxylic acid, and (2) a ligand exchange reaction
of the readily available (diacetoxyiodo)benzene (DIB) with an appropriate carboxylic acid. DIB
is usually prepared by the oxidation of iodobenzene with peracetic acid in acetic acid.'* A
similar peracid oxidation of substituted iodobenzenes can be used for the preparation of other
[bis(acyloxy)iodo]arenes. In particular, the polymer-supported analogs of DIB have been
prepared by treatment of poly(iodostyrene) or aminomethylated poly(iodostyrene) with peracetic
acid,'®'*™ and the ion-supported [bis(acyloxy)iodo]arenes, imidazolium derivatives 11 and 12,
have been prepared by the peracetic oxidation of the appropriate aryliodides.'*** Likewise,
various [bis(trifluoroacetoxy)iodo]arenes can be synthesized in high yield by the oxidation of the
respective iodoarenes with peroxytrifluoroacetic acid in trifluoroacetic acid.'"

Me. i /<N
N
<@/\O Me/N@ /\@\
I(OAC),
N I(OAC), BE,-
Bu  ThN- 4
11 12
A modification of this method consists of the oxidative diacetoxylation of iodoarenes in
acetic or trifluoroacetic acid using appropriate oxidants, such as periodates,"”*® m-

15c,d
d,”*

. . . . 1 15fF
chloroperoxybenzoic aci potassium peroxodisulfate,”® H,0,-urea,"" Selectfluor,” and

15d,g,h

sodium perborate. The oxidation of iodoarenes with sodium perborate in acetic acid at 40 °C

is the most simple and general procedure that has been used for a small scale preparation of
numerous (diacetoxyiodo)-substituted arenes and hetarenes."**®" This method has been

improved by performing the perborate oxidation in the presence of trifluoromethanesulfonic

151

acid.”™ A further convenient modification of this approach employs the interaction of arenes with

iodine and potassium peroxodisulfate in acetic acid (Scheme 6).'>

K2S,0g, AcOH, H,S0O,4, CICH,CHLCI, 40 °C, 12-30 h
ArH + |, > Arl(OAc),
69-73%

Ar = Ph, 4-MeC6H4, 4-C|C6H4, 4-BrC6H4, 4-FCsH4

Scheme 6

The second general approach to [bis(acyloxy)iodo]arenes is based on the ligand exchange
reaction of a (diacetoxyiodo)arene (usually DIB) with the appropriate carboxylic acid. A typical
procedure consists of heating DIB with a non-volatile carboxylic acid in the presence of a high
boiling solvent, such as chlorobenzene (Scheme 7).'® The equilibrium in this reversible reaction
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can be shifted towards the synthesis of the product by distillation under reduced pressure of the
relatively volatile acetic acid formed during the reaction. This procedure, in particular, has

recently been used for the preparation of the protected amino acid derivatives 13,'® glutamate-

16¢

derived (diacyloxyiodo)benzenes 14,'® the cinnamate derivative 15,'* and 3-methylfurazan-4-

carboxylic acid derivative 16.'%
PhCI, heat
Phl(OAc), + 2RCO,H PhI(OCOR),
- 2HOAC
@) 0]
I NHB I~ M
éo)Kl/ z> < OJ\/\(COZ e>
R 2 NHP 2
13 14
R = Me, CH,Ph, CH(CHs),, P = Cbz or Boc
CH,CH(CHj),, CH(CH3)CH,CHj
Q O Me
I
@ éOJ\/\Ar> ©/ '<\ OJW/\(N >
2 N\OI 2
15 16

Ar = 4-MGOC6H4
Scheme 7

The reactions of DIB with stronger carboxylic acids usually proceed under milder conditions
at room temperature. A  convenient procedure for the  preparation of
[bis(trifluoroacetoxy)iodo]benzene (BTI) consists of simply dissolving DIB in trifluoroacetic
acid and evaporating to a small volume.'®

[Bis(acyloxy)iodo]arenes are generally colorless, stable microcrystalline solids, which can be
easily recrystallized and stored for extended periods of time without significant decomposition.

3.5. Aryliodine(III) organosulfonates

[Hydroxy(tosyloxy)iodo]arenes are usually prepared by a ligand exchange reaction of
(diacetoxyiodo)arenes with p-toluenesulfonic acid monohydrate in acetonitrile (Scheme
8). 5413417 This  method has recently been applied to the synthesis of
[hydroxy(tosyloxy)iodo]heteroaromatic derivatives (e.g., 17 and 18),'° the derivatives with

various substituted aromatic groups (e.g. 19 and 20),5‘11’171”C and the recyclable hypervalent iodine
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reagents 21 and 22.'7°" A convenient modified procedure for the preparation of various
[hydroxy(sulfonyloxy)iodo]arenes consists of the one-pot reaction of iodoarenes and mCPBA in
the presence of sulfonic acids in a small amount of chloroform at room tempera‘cure.17d This
modified procedure was recently used for the preparation of new biphenyl- and terphenyl-based
recyclable organic trivalent iodine reagents 23 and 2413

MeCN, rt
Arl(OAc), + TsOH+H,0 Arl(OH)OTs
90-100%
I(OH)OTs I(OH)OTs
N/
@—KOH)OTS N:/>—I(OH)OTS
S Ts” OH COLH
18
17 10 20
I(OH)OTs

lg TsO(HO)I
TsO(HO)I O O I(OH)OTs

TsO(HO)

21 22
TsO(HO)II(OH)OTs TsO(HO)II(OH)OTs
23 24

Scheme 8

A solvent-free, solid-state version of this reaction is carried out by simple grinding of
ArI(OAc), with the appropriate sulfonic acid in a mortar followed by washing the solid residue
with diethyl ether.'”® This solid-state procedure has been used for the preparation of HTIB and
several other [hydroxy(organosulfonyloxy)iodo]arenes in 77-98% yields. A recyclable, polymer-
supported [hydroxy(tosyloxy)iodo]benzene can be prepared similarly by treatment of
poly[(diacetoxy)iodo]styrene with p-toluenesulfonic acid monohydrate in chloroform at room

17h
temperature.'’
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The highly electrophilic phenyliodine(III) trifluoromethanesulfonate (PhlO),*Tf,0, which is
also known as Zefirov’s reagent, may be prepared either by the exchange reaction of
(diacetoxyiodo)benzene with trifluoromethanesulfonic acid,'™ or by the combination of two
equivalents of iodosobenzene with one equivalent of triflic anhydride.'® This triflate has an oxo-
bridged structure and is isolated as a relatively stable yellow microcrystalline solid that can be
handled for brief periods in air and stored under a nitrogen atmosphere. It can be conveniently
generated in situ from iodosylbenzene and triflic anhydride or trimethylsilyl triflate and
immediately used in the subsequent reactions;'® the extended storage of this reagent in the
presence of trifluoromethanesulfonic acid results in self-condensation with the formation of
oligomeric products.'®

4. Halogenations using Hypervalent Iodine(III) Reagents
4.1. Fluorination

(Difluoroiodo)arenes are powerful and selective fluorinating reagents towards organic substrates.
Various B-dicarbonyl compounds can be selectively fluorinated at the a-position by 4-
(difluoroiodo)toluene. In a specific example, the monofluorinated products 26 can be prepared
from B-ketoesters, P-ketoamides and [B-diketones 25 in good yields under mild conditions
(Scheme 9).""* Ketones cannot be directly fluorinated by (difluoroiodo)arenes; however, o-
fluoroketones can be prepared by the reaction of silyl enol ethers with 4-(difluoroiodo)toluene in
the presence of BF3*OEt; and the Et;N-HF complex.19b

O O TollF,, CH,Cly, 40 °C, 2-24 h O O
R1J\/U\R2 55-82% R1J\‘/U\R2
25 F

R' = Me, Pr, Ph, etc. 26

R2 = OCsH44, Ph, Et, Buf, NMe,, NPr,, etc.
Scheme 9

Treatment of a-phenylthio esters 27 with one equivalent of 4-(difluoroiodo)toluene affords
the a-fluoro sulfides 28 in good overall yield through a fluoro-Pummerer reaction (Scheme
15)."¢ The o-monofluorination of sulfanyl amides can be achieved by treatment of a-
phenylsulfanylacetamides with one equivalent of 4-(difluoroiodo)toluene under similar
conditions.'™
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0
o TollF, (1 equiv), CH,Cly, 0 °C, 12 h Phs%
Phs\)kOR 64-72% B I OR
27
28

R = Ph, CH,CH=CHPh, CH,CH=CMe,, efc.

Scheme 10

Arrica and Wirth have reported the monofluorination of a series of a-acceptor-substituted
selenides 29 using (difluoroiodo)toluene (Scheme 11).9d Although the yields of products 30 are
only moderate, the reactions are usually very clean and, under the reaction conditions used, no
further oxidized products are observed.

TollF, (2 equiv), CH,Cly, 40 °C, 12 h PhSe.__R
PhSe.__R - h
31-65% F
29 30

R= CO2Et, COzph, COch2CH=CH2, CONHMG, CONMez, CN, etc.

Scheme 11

Fluorinated five- to seven-membered cyclic ethers were stereoselectively synthesized from
iodoalkyl substituted four- to six-membered cyclic ethers by fluorinative ring-expansion reaction
using (difluoroiodo)toluene.™ A specific example of a fluorinative ring-expansion reaction
leading to five-membered cyclic ethers 31 is shown in Scheme 12.'%

o)
O. R TollF, (1.3 equiv), EtzNs5HF, CH,Cly, rt, 1h  C7H1s
C7H15><>'\ > R
CH,l 57-86%

F

R =H or Me 31

Scheme 12

The fluorination of alkenes 32 and alkynes 34 with 4-(difluoroiodo)toluene in the presence of
iodine affords vic-fluoroiodoalkanes 33 and fluoroiodoalkenes 35 in moderate to good yields
(Scheme 13)."" This reaction proceeds in a Markovnikov fashion and with prevalent anti-
stereoselectivity via the initial addition of the electrophilic iodine species followed by
nucleophilic attack of fluorine anion. The analogous reaction of alkenes and alkynes with 4-
(difluoroiodo)toluene in the presence of diphenyl diselenides affords the respective products of

phenylselenofluorination in good yields.'"®
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TollF,, Ip, CH,Cl,, 0-5 °C, 12 h E |
S >_/
R 67-91% R
32 33

R= n-C6H13, Ph, 4-BUtC6H4, PhCHz, etc.

TollF,, I,, CH,Cl,, 0-5°C, 12 h R! |
RI_— R2 2,12 2Ll _/ ;
16-83% F R
34 35

R'=R2=Pr; R'=R2=Ph; R' = Ph, R2= Me; R' = Ph, R2=H
Scheme 13

The reaction of 4-(difluoroiodo)toluene with a four-, five-, or six-membered carbocycle 36
afforded the ring-expanded (E)-0-fluoro-B-halovinyl iodonium tetrafluoroborates 37
stereoselectively in high yields (Scheme 14)."" This reaction proceeds via a sequence of A’-
iodanation-1,4-halogen shift-ring enlargement-fluorination steps.

+

TollF,, BF5+Pri,0, -60 °C to rt N ITol BF,
X % —
84-92% ( X
n

n

36 X=Cl,Br;n=1-3 37
Scheme 14

4.2. Chlorinations

(Dichloroiodo)arenes have found practical application as reagents for chlorination of various
organic substrates. Chlorinations of alkanes with (dichloroiodo)arenes proceed via a radical
mechanism and generally require photochemical conditions or the presence of radical initiators
in solvents of low polarity, such as chloroform or carbon tetrachloride.' The chlorination of
alkenes usually has an ionic mechanism.”” For example, reactions of (dichloroiodo)benzene with
various monoterpenes in methanol proceed via the ionic mechanism and afford the respective
products of chloromethoxylation of the double bond with high regio- and stereoselectivity.*®
Likewise, the reaction of the recyclable chlorinating reagent, 4,4'-bis(dichloroiodo)biphenyl 39
with styrene derivatives 38 in methanol affords exclusively the products of electrophilic

chloromethoxylation 40 (Scheme 15).'™
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Ph R2 MeOH, rt Ph Cl_ R2
R 57-66% R OMe

38 39

40
R'=H,R2=H; R'=Ph,R2=H; R"=H, R2=Ph

Scheme 15
(Dichloroiodo)arenes can also be used for the chlorination of electron-rich aromatic
compounds. Aminoacetophenone 41 is selectively chlorinated with (dichloroiodo)benzene to

give product 42 in good yield (Scheme 16). This process can be scaled up to afford 24.8 kg of
product 42 with 94% purity.'*

o) PhICl,, THF, pyridine, 0 to 3 °C 0
HZNO—< H,N
87%

41 42

Scheme 16

(Dichloroiodo)toluene was found to be an efficient chlorinating reagent in the catalytic
asymmetric chlorination of B-keto esters 43, catalyzed by the titanium complex 44, leading to the
respective a-chlorinated products 45 in generally good yields and enantioselectivities (Scheme
17). The enantioselectivity of this reaction showed a remarkable temperature dependence, and

the maximum selectivity was obtained at 50 °C.*

o TolICl,, 44 (5 mol%), o o

O
)J\(M pyridine (1.2 equiv), toluene, 50 °C, 20 h
OR . MOR
37-82% Cl

43 \< 45, 60-71% ee
O\

(0]

R = Et, Bn, Ph, or -,
9-(anthracenyl)CH, 1'”aphtha|e”y|>(_g<1-naphthalenyl
1-naphthalenyl Cl

0, | .0 T1-naphthalenyl

’

|
MeCN” (I:I‘NCMe

44

Scheme 17
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Treatment of 5,10,15-trisubstituted porphyrins 46 with (dichloroiodo)benzene affords the
corresponding meso-chlorinated porphyrins 47 (Scheme 18).% The chlorination of 5,10,15,20-
tetraarylporphyrins, in which all meso-positions are substituted, under similar conditions affords

B-monochlorinated products in high yields.**

Ph Ph
PhICly, 1t, 2 h
R 90-95% R Cl
Ph Ph
M = 2H, Cu, Ni
46 R = Ph or 4-CF5CgH, a7

Scheme 18

A simple and mild system using bis(dichloroiodo)biphenyl 39 in combination with
tetracthylammonium bromide at room temperature has been developed for selective
debenzylation of sugars. Acetates, benzoate, and sensitive glycosidic linkages are unaffected
under the reaction conditions. A specific example of the debenzylation of benzyl 4-O-benzoyl
2,3-O-isopropylidene-a-L-arabinopyranoside 48 is shown in Scheme 19.%"

m 39 (3 equiv), Et;NBr, CHCIj, rt, 25 min E&M
OBn
@) 90% © OH

Scheme 19

(Dichloroiodo)benzene is commonly used as a reagent for the oxidation or chlorination of
various transition metal complexes. Recent examples include the oxidation of d8eeed10
heterobimetallic Pt(II)-Au(I) complex to give the d7-d9 Pt(Ill)-Au(Il) complex containing a
Pt(I)-Au(I) bond,”* and oxidations or chlorinations of palladium,20f cobalt,”*¢ vanadium,*™
and molybdenum®” complexes.

4.3. Brominations and iodinations

Kirschning and coauthors have developed several experimental procedures for the stereoselective
bromoacetoxylation or iodoacetoxylation of alkenes based on the interaction of DIB with iodide
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or bromide anions.’™® The actual reacting electrophilic species in these reactions are the
diacetylhalogen(I) anions, (AcO),I" and (AcO),Br, which can also be prepared as the polymer-
supported variant.”'® A similar iodocarboxylation of alkenes using amino acid-derived
iodobenzene dicarboxylates 13 selectively affords the respective amino acid esters 49 in
moderate yields (Scheme 20).'%

o)
|
O . I<\OJ\(NHBZ> Ph,PI, CH,Cly, reflux, 2-10 h O’ o
XI L A « u,,,o)H/NHBz
13

33-86%

X = CH, or O; R = Me, CH,Ph, CH(CHs),, CHyCH(CHs),, CH(CH3)CH,CHs

Scheme 20

A new and convenient procedure for the aminobromination of electron-deficient olefins 50
using Bromamine-T as nitrogen and bromine source promoted by (diacetoxyiodo)benzene was
developed by Xia, Wu, and Wang.*'® This metal-free protocol is highly efficient and affords the
vicinal bromamines 51 with excellent stereoselectivities (Scheme 21).

Br O
(0]
PhI(OAc),, CH,Cl,, reflux )\/U\
+ TsNBrN 1 2
RV\)LR2 Shierva 53-74% RV ™7 'R
50 NHTs
] 51
R'= 3,4-C|2C6H3, 4-C|C6H4, 4-N02C6H4, Ph, etc. i
R' = Ph, 4-CICgH,, OMe, NEt,, etc. anti/syn >99/1

Scheme 21

Iodine in combination with [bis(acyloxy)iodo]arenes can be used for the oxidative iodination
of aromatic and heteroaromatic compounds.'® A mixture of iodine and BTI in acetonitrile or
methanol iodinates the aromatic ring of methoxy substituted alkyl aryl ketones to afford the
products of electrophilic monoiodination in 68-86% yield.*'® 1-Iodoalkynes can be prepared in
good to excellent yields by the oxidative iodination of terminal alkynes with DIB, potassium
iodide, and copper(I) iodide.*'® A solvent-free, solid state oxidative halogenation of arenes using
DIB as the oxidant has recently been reported.”'

Substituted pyrazoles can be iodinated to the corresponding 4-iodopyrazole derivatives by
treatment with iodine and DIB or polymer-supported DIB at room temperature (Scheme 22).2'¢
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R2 RZ2 |
>/®\ Phl(OAC)z, |2, CH20|2, rt /y \
N._ R3 N._ R3
N 86-91% N
R R!

R'=H, Ph, 2,4-(NO,),CgHs, 4-CICzH,
R2 = Me or Ph; R3 = Me or Ph

Scheme 22

Various dihydropyridone derivatives can be efficiently iodinated by the treatment with N-
iodosuccinimide (NIS) in the presence of [hydroxy(tosyloxy)iodo]benzene.*'™

The DIB/I, system can be used for the oxidative decarboxylation/iodination of carboxylic
acids. Juaristi, Iglesias-Arteaga, and coauthors have utilized this reaction in the efficient
syntheses of enantiopure 1-benzoyl-2(S)-tert-butyl-3-methylperhydropyrimidin-4-one?"’ and 2-
substituted-5-halo-2,3-dihydro-4(H)-pyrimidin-4-ones.*"

5. Oxidative Transformations of Organic Substrates
5.1. Oxidation of alcohols

An efficient procedure for the oxidation of alcohols with DIB in the presence of catalytic
amounts of TEMPO (2,2,6,6-tetramethylpiperidin-1-oxyl) has been developed and frequently
used in recent years.”> An optimized protocol, published in Organic Synthesis for the oxidation
of nerol 52 to nepal 53 (Scheme 23), consists of the treatment of the alcohol 52 solution in
buffered (pH 7) aqueous acetonitrile with DIB and TEMPO (0.1 equivalent) at 0 °C for 20

minutes.?*

PhI(OAc), (1.1 equiv.), TEMPO (0.1 equiv.)

~ MeCN, H,0 (pH 7), 0 °C, 20 min
A >~ X A
89% -

52 OH 53 0

Scheme 23

This procedure exhibits a very high degree of selectivity for the oxidation of primary

alcohols to aldehydes, without any noticeable overoxidation to carboxylic acids, and a high
chemoselectivity in the presence of either secondary alcohols or of other oxidizable moieties.”
This procedure has been used for the oxidation of (fluoroalkyl)alkanols, Rg(CH,),CH,OH, to the

22¢

respective aldehydes, " in the one-pot selective oxidation/olefination of primary alcohols using
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DIB-TEMPO system and stabilized phosphorus ylides,”*! and in the chemo-enzymatic oxidation-
hydrocyanation of y,5-unsaturated alcohols.”*® (Dichloroiodo)benzene in the presence of pyridine
can also be used as a stoichiometric oxidant insread of DIB in the TEMPO-catalyzed
oxidations.*

Based on the ability of the DIB-TEMPO system to selectively oxidize primary alcohols to the
corresponding aldehydes in the presence of secondary alcohols, Forsyth and coauthors have
developed selective oxidative conversion of a variety of highly functionalized 1°,2°-1,5-diols
into the corresponding 8-lactones.””® A representative example of converting substrate 54 to the
O-lactone 55 is shown in Scheme 24. A similar DIB-TEMPO promoted y-lactonization has

recently been utilized in the asymmetric total synthesis of the antitumor (+)-eremantholide A.**"

Phi(OAc), (3.2 equiv.), TEMPO (0.2 equiv.)
CH2C|2, rt, 3.5h

95%

54 55

Scheme 24

Kita, Tohma, and coauthors found that iodosylbenzene or DIB in the presence of bromide
salts can also be used as an efficient reagent for selective oxidation of alcohols.”® In particular,
the (PhIO),/KBr system is applicable to the oxidation of a variety of primary and secondary
alcohols, even in the presence of sensitive functional groups such as ether, ester, sulfonamide,
and azido groups. Primary alcohols under these conditions afford carboxylic acids, while the
oxidation of various secondary alcohols under similar conditions results in the formation of the
appropriate ketones in almost quantitative yield.>** Aldehydes can be converted to methyl esters
by a similar procedure using DIB and NaBr in the acidic aqueous methanol solution.”*

Molecular iodine can serve as an efficient catalyst in the oxidation of secondary alcohols to
ketones and primary alcohols to carboxylic acids using DIB as an oxidant in acetonitrile

.24
solution.”™

The oxidation of primary alcohols or aldehydes with the DIB/I, system in methanol
solution affords the respective methyl esters in excellent yields.24b

Benzylic alcohols can be oxidized with [hydroxy(tosyloxy)iodo]benzene under solvent-free
microwave irradiation conditions to afford the corresponding aldehydes or ketones in excellent

yields.**
5.2. Oxidative functionalization of carbonyl compounds, alkenes, and arenes

In the 1980s Moriarty and coauthors have developed a particularly useful methodology for the
oxidative a-functionalization of enolizable carbonyl compounds or their enol ethers using DIB or
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other hypervalent iodine oxidants.”>*® The applications of this methodology in organic synthesis,
especially in the chemistry of heterocyclic compounds, have been summarized in several
reviews.' >

The functionalization of carbonyl compounds at an a-carbon represents the most typical
reaction of [hydroxy(organosulfonyloxy)iodoJarenes (Scheme 25).2* Recent examples of
synthetic application of this procedure include the following: the preparation of a-
mesyloxyketones for the photochemical synthesis of highly functionalized cyclopropyl
ketones,”® the one-pot conversion of ketones into B-keto sulfones using HTIB and sodium arene
sulfinate under solvent-free conditions,”® the solvent-free synthesis of o-tosyloxy P-keto
sulfones using HTIB,**® the use of HTIB in the synthesis of 1,4-diaryl-2-(arylamino)-but-2-ene-
1,4-diones,”™ the HTIB promoted synthesis of 6-ary1imidazo[2,l-b]‘[hiazoles,26f the HTIB
promoted synthesis of 2-substituted 4,5-diphenyloxazoles under solvent-free microwave
irradiation conditions,*® the one-pot preparation of 2.4,5-trisubstituted oxazoles from ketones,
nitriles, and aryliodine(III) triflates generated in situ from iodoarene, mCPBA and triflic acid,”"
the preparation of flavones from flavanones using HTIB,* the preparation of 3-
tosyloxychromanones by the reaction of HTIB with chromanone and 2-methylchromanone,® the
HTIB promoted one-pot synthesis of 3-carbomethoxy-4-arylfuran-2-(5H)-ones from ketones,”™
and the HTIB mediated synthesis of thiazol-2(3H)-imine-linked glycoconjugates.261

O
(6] 3
PhI(OH)OSO,R R2
R2 R
R‘lJJ\/

OSO,R3
R', R? = alkyl, aryl; R% = Me, p-Tol, etc.

Scheme 25

HTIB is commonly used for the oxidative functionalization of arenes, alkenes and alkynes.**
Koser, Telu, and Laali investigated the oxidative substitution reactions of polycyclic aromatic
hydrocarbons with iodine(IIT) sulfonate reagents.®" Various polycyclic arenes, such as pyrene,
anthracene, phenanthrene, perylene and others, undergo regioselective oxidative substitution
reactions with iodine(IIl) sulfonate reagents in dichloromethane at room temperature to give the
corresponding aryl sulfonate esters in moderate to good yields.**™

Numerous examples of oxidative transformations of alkenes using [bis(acyloxy)iodo]arenes
have been reported.”’” BTI reacts with alkenes in the absence of any additive or catalyst affording
bis(trifluoroacetates), which can be converted into the corresponding diols or carbonyl
compounds by hydrolysis.””" For example, cyclohexene reacts with BTI in dichloromethane
under reflux conditions to give the corresponding cis-1,2-bis(trifluoroacetate) in almost
quantitative yield (Scheme 26).””* Similar rearranged products are formed in the reactions of
alkenes with DIB in the presence of strong acids.*’
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PhI(OCOCFj),, CH,Cl,, reflux, 36 h OCOCF3
95% C{

OCOCF;

Scheme 26

[Bis(acyloxy)iodo]arenes can be utilized as the oxidants in organocatalytic, asymmetric
epoxidation of o,B-unsaturated aldehydes using imidazolidinone catalyst 57.>"* In a specific
example, the reaction of aldehyde 56 with DIB affords epoxide 58 with good enantioselectivity

(Scheme 27).

Phl(OAc), (1.5 equiv.), 57 (20 mol%) 0
o7 F CHCl3, H,0, -30 °C G
68% conversion
56 Me @]
‘NAK\ - HCIO, 58 (84% ee)
ButAN Bn

H
57

Scheme 27

A procedure for the preparation of aromatic aldehydes 60 from isopropenylbenzenes 59 and
zeolite-supported DIB under microwave irradiation (Scheme 28) has been reported. This method

was used for a clean and reproducible preparation of piperonal, vanillin and p-anisaldehyde in

generally high yields and selectivities.”’”®

PhI(OAc), (2 equiv.), zeolite, MW, 130W, 5 min
AN 43-91% AreHO

59 60

Ar = 3,4-(OCH20)C6H3, 4-MeOC6H4, 3-Me-4-HOC6H3
Scheme 28

Iodosobenzene in the presence of KBr and montmorillonite-K 10 clay can be used as an efficient
oxidant of the benzylic C-H bonds to give the corresponding arylketones in good yields.””"
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5.3. Oxidative rearrangements and fragmentations

[Bis(acyloxy)iodo]arenes and aryliodine(II) organosulfonates are commonly used as the
reagents in various cationic rearrangements and fragmentations. DIB, BTI and HTIB can serve
as excellent oxidants in Hofmann-type degradation of aliphatic or aromatic carboxamides to the
respective amines.'® Recent examples include the oxidative rearrangement of anthranilamides or
salicylamides 61 to the respective heterocycles 62,2

1-protected indole-3-methylamines 64 from the corresponding acetamides 63 (Scheme 29).

and the preparation of alkyl carbamates of
28b

0]

H
R PhI(OAc),, KOH/MeOH, 0 °C R N
NH2 >:O
61-84% X
XH
61 62
R = H or CI; X = NH, NMe, NEt, NPr, NPr,, NBu, NBn, O
CONH, NHCO,R?
2 .
A PhI(OAc),, R?0H, rt, 4-24 h . A\
N 70-99% N
R R
63 64

R' = Boc or Ts; R? = Me, Et, Pr, But, Bn
Scheme 29

BTI has also been used as a reagent for the Hofmann rearrangement, as illustrated by the
conversion of amide 65 to the respective amine 66 (Scheme 30).2% A similar BTI-induced
Hofmann rearrangement has been used for the preparation of both enantiomers of trans-2-
aminocyclohexanecarboxylic acid from frans-cyclohexane-1,2-dicarboxylic acid.”*!

AcHN_ CONH, AcHN_ NH,
ij PhI(OCOCF3),, MeCN, H,O, rt, 1 h
83%
65 66

Scheme 30

BTI, DIB and HTIB are widely used in various cationic cyclizations, which are particularly
useful in the synthesis of heterocycles.”° Tellitu and Dominguez have developed a series of
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BTI-promoted intramolecular amidation reactions, generalized in Scheme 31, leading to various
five, six and seven-membered heterocycles 69.”° Experimental evidence supports the ionic
mechanism of this reaction, involving N-acylnitrenium intermediates 68 generated in the initial
reaction of the amide 67 with the hypervalent iodine reagent.”*

0]
+ R
> n D
ﬂ‘fﬂfu -

aryl, hetaryl, J.,-P"HJF

alke;ye, alkynye, etc.
67 68 69

R = OMe, alkyl, Bn, Ph, Ts, Bz, etc.
n=0,1,2

Scheme 31

This methodology with some variations (Scheme 48) has been utilized by Tellitu,
Dominguez, and coauthors in the synthesis of numerous heterocyclic systems, for example,
benzo-, naphtho-, and  heterocycle-fused  pyrrolo[2,1-c][1,4]diazepines,” 2,3-
diarylbenzo[b]furans,29C quinolinone or pyrrolidinone derivatives,**®
dibenzo[a, c]phenanthridines,” thiazolo-fused quinolinones,”" indoline derivatives,*® 5-aroyl-
pyrrolidinones,”™” and indazolone derivatives.”” Recent representative examples include the
preparation of indoline derivatives 71 from anilides 70*® and indazol-3-ones 73 from

anthranilamides 72 (Scheme 32).%

1
R = PhI(OCOCF3),, CF3CH,OH, tt, 3 h R OH
NHB2 56-73% N

R2 RZ Bz
70 R'=OMe, Et, Br,or H; R?=H or Et 71
o) 0
1
R! N-AT PhI(OCOCF3),, CF3CO,H, CH,Clp, 0°C, 1 h RKJ\J(
H N-Ar
1-819
R2 NHPh 61-81% R? N
Ph
2 R'=HorF;R2=HorCl 73

Ar = 4-MeOC6H4

Scheme 32
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Similar DIB or BTT induced cyclizations of the appropriate amide or amine precursors have
been used in various useful synthetic transformations, recent examples of which include: the
synthesis of highly substituted pyrrolin-4-ones via BTI-mediated cyclization of enaminones,’”
the synthesis of 2-substituted-4-bromopyrrolidines via DIB-induced intramolecular oxidative
bromocyclization of homoallylic sulfonamides in the presence of KBr,** the preparation of 2-
(N-acylaminal) substituted tetrahydropyrans by DIB-induced oxidative cyclization of hydroxy-
substituted N-acyl enamines,’” the stereocontrolled preparation of highly substituted lactams and
N-hydroxy lactams from appropriate hydroxamates and BTI* the synthesis of various
substituted 1,2,4-triazolo[4,3-a]pyrimidines by the DIB-oxidation of the appropriate 2.,4-

pyrimidinylhydrazones,’® the synthesis of 1,3,4-oxadiazoles from acylhydrazones by BTI

oxidation,” the synthesis of various N-substituted indole derivatives via BTI-mediated
intramolecular cyclization of enamines,’*® the synthesis of 2-substituted benzothiazoles via the
oxidative cyclization of thiobenzamides,”™ the preparation of 2-substituted oxazolines from
aldehydes and 2-amino alcohols using DIB as an oxidant,*” the synthesis of 3,4-bis(1-phenyl-3-
arylpyrazolyl)-1,2,5-oxadiazole-N-oxides by the DIB oxidation of pyrazole-4-carboxaldehyde
oximes,’” the synthesis of 2-arylbenzimidazoles from phenylenediamines and aldehydes via a
one-step process using DIB as an oxidant,**
DIB-promoted 1,3-dipolar cycloaddition reactions of phthalhydrazide,

psymberin/irciniastatin A via a DIB-mediated cascade cyclization reaction,

the preparation of dihydrooxazole derivatives by
0 the synthesis of seco-
3™ the synthesis of
quinolinone derivatives by hypervalent iodine-mediated oxidation of aromatic compounds
carrying methoxyamide side chains,”™ the synthesis of functionalized isoxazolines by oxidative
cyclization of aldoximes using iodosobenzene and surfactants in neutral aqueous media,’” and
the oxidative cyclization of urea-tethered alkenes using iodosylbenzene and an acid promoter.30p

Similar to [bis(acyloxy)iodo]arenes, HTIB can be applied in the intramolecular cyclization
reactions involving N-acylnitrenium intermediates 68 (Scheme 31).*' For example, spirodienones
75 bearing the 1-azaspiro[4.5]decane ring system were synthesized from N-methoxy-3-(4-
halophenyl)propanamides 74 via the intramolecular ipso-cyclization of a nitrenium ion generated
with HTIB in trifluoroethanol (Scheme 33).*'® The HTIB-promoted cyclizations of the
appropriate amides were also utilized in the preparation of 2,1-benzothiazine derivatives from
sulfonamides®’® and in the synthesis of (-)-lapatin B via oxidative cyclization of N,N-
diacetylglyantrypine.*'®

« 0
7 2k PhI(OH)OTS, CF3CH,0H, 0 °C, 5-60 min | R
1 -
MeO Nk Ny 28-88% MeO—-N
© 0
74 X =F, Cl, Br; R = Me, F, Cl
75

Scheme 33
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Several examples of the DIB or BTI-induced cyclizations of non-amine substrates have also
been reported. Wirth and coauthors reported the oxidative cyclization of 4-phenyl-4-pentenoic
acid 76 upon treatment with DIB leading to the rearranged lactone 77. (Scheme 34).*** The same
group reported a one-pot procedure for the conversion of alkenes into 1,1-dicyanocyclopropane

derivatives by treatment with DIB and l,l-dicyanopropane.32b

Ph
J\A PhI(OAC),, CH,Cl,, rt oo
Ph CO,H 87% AcO

76 77

Scheme 34

Kita and coauthors developed an efficient synthesis of lactols 79 via an oxidative
rearrangement reaction of 2,3-epoxy alcohols 78 with BTI (Scheme 35).* This BTI-induced
oxidative transformation has been utilized in the synthesis of several lactones and in the
asymmetric synthesis of the marine y-lactone metabolite (+)-tanikolide.

1 1
OH RGR
PhI(OCOCF3),, MeCN/H,0 4:1, 0 °C to rt rﬁ
O " 53-74% R”207:
R R /0
HO
78
79

R= Me, Et, n-C11H23, CHch(CHS)z, CH2Ph, R1 =H or Me
Scheme 35

A DIB-induced domino reaction of the vicinal unsaturated diol 80 afforded cyclic ene-acetal

81 (Scheme 36), which was further utilized in the synthesis of a norsesquiterpene

spirolactone/testosterone hybrid.**

OTBS
HO PhI(OAc), MeCN, rt, 14 h
90%
HO
OTBS
80 OTBS 81
Scheme 36
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Iglesias-Arteaga and coauthors reported several DIB-promoted oxidative transformations of
steroidal substrates.” In particular, the treatment of (25R)-3a-acetoxy-Sb-spirostan-23-one 82
with DIB in basic methanol leads to F-ring contraction via Favorskii rearrangement to afford
product 83 (Scheme 37).**

Phl(OAc),, MeOH, KOH, rt, 40 min
68%

HO™
H 82

AcO"

Scheme 37

Kita and coauthors reported a mild and efficient fragmentation reaction of f-amino alcohols
84 and a-amino acids 85 upon treatment with [bis(trifluoroacetoxy)iodo]pentafluorobenzene
leading to N,O-acetals 86 (Scheme 38). This method has been utilized in an improved synthesis

of the key intermediate of discorhabdins.**

R} R? CoF5I(OCOCF3),, MS 3A, MeCN/H,0 10:1, reflux
HO HN_R1 63-100%
2
84 R
- MeO—<
HN-R’
O R? 86
CgF5l(OCOCF3),, MS 3A, MeCN/H,0 10:1, reflux
HO HN-R’ 46-73%
85

R' = Cbz or Fmoc; R? = H, Me, CO,Me, etc; R% = H or CH,4
Scheme 38

HTIB has also been used in various oxidative rearrangements and fragmentations. Justik and
Koser have reported a study of an oxidative rearrangement that occurs upon the treatment of
arylalkenes 87 with HTIB in 95% methanol affording the corresponding a-aryl ketones 88 in
generally high yields (Scheme 39). This oxidative rearrangement is general for acyclic and cyclic
arylalkenes and permits the regioselective syntheses of isomeric o-phenyl ketone pairs.®** A
similar HTIB induced oxidative rearrangement has recently been utilized in the regioselective
synthesis of 6-prenylpolyhydroxyisoflavone (wighteone)*™
synthesis of (+)-indatraline.*>

and in a diastereoselective total
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0]

2
RZ A PhI(OH)OTS, 95% MeOH, rt Ar%w
H3 <R1 70-92% R2

87 R',R2 = alkyl, aryl 88

Scheme 39

The HTIB induced oxidative rearrangement of alkenes can be effectively used in ring
expansion reactions. Justik and Koser have investigated the oxidative ring expansions of
alkylidenebenzocycloalkenes 89 to B-benzocycloalkenones 90 using HTIB in 95% methanol
(Scheme 40).*>

R2 R2
i 0]
1 PhI(OH)OTs, 95% MeOH, rt
R
¢ 82-99% SR
89 R'.R2=Hor Me; n = 1-3 20

Scheme 40

Silva and coauthors reported a similar HTIB-promoted ring expansion of 1-vinylcycloalkanol
derivatives leading to seven- or eight-membered rings. In a specific example, the reaction of the
unsaturated TMS ether 91 with excess HTIB affords benzocycloheptanone derivative 92 in high
yield (Scheme 41).%*

OMe
TMSO_ ~ MeO 0

PhI(OH)OTs (2.5 equiv.), MeOH, rt, 2 h
75%

91 92

Scheme 41
Aryl ketones 93 can be converted to the corresponding substituted benzoic acids 94 by

sequential treatment with [hydroxy(2,4-dinitrobenzenesulfonyloxy)iodo]benzene and urea-
hydrogen peroxide in [bmim]BF; ionic liquid (Scheme 42).* f
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o 1) 2,4-(NO,),CgH3l(OH)OTs, [bmim]BFy4, 1 h 0
2) urea-H,0,, 2-6 h
Ar)J\/R Ar)J\OH
66-85%
93 94

Ar = Ph, 4-MeCGH4, 4-BFCGH4, 4-C|C6H4, 4-FCGH4, 4-NOZCGH4
R = Me, Pr, Bu

Scheme 42

Vatele has described a mild and environmentally friendly method for Lewis acid catalyzed
oxidative rearrangement of tertiary allylic alcohols 95 to B—disubstituted enones 96 (Scheme
43).%°¢ Bismuth triflate was found to be the most efficient catalyst for the majority of substrates
95 tested except for tertiary vinyl carbinols which could be transformed to enals in fair yields
only when Re,O7 was used as catalyst.

L e (PhIO),, TEMPO (cat.) o R
R1>=§<OH Bi(OTf); or Re,0y (cat.), 4 A MS RAH/kR“
IR 20-80% R

95 R', R2= H, R3 = n-CsHyy, R* =CH, %

R'+R3 = (CH,);, R2=H, R*=Bu or Ph
R'+R3 = (CH,),, R?=H, R*=Bu, etc

Scheme 43

Several synthetically useful transformations are based on the oxidation of hydrazones by DIB
or BTI. Specific examples include the BTI oxidations of phenylhydrazones leading to
regeneration of the carbonyl function,”" the low temperature generation of diazo compounds by
the reaction of BTI with hydrazones and application of this reaction to the preparation of highly
sterically hindered alkenes,’ the preparation of N-aroyl-N'-arylsulfonylhydrazines by oxidation
of aromatic aldehyde N-arylsulfonylhydrazones with BTL>> and the preparation of fused 1,2,3-
triazolo heterocycles by DIB oxidation of hydrazones of N-heterocyclic ketones and
aldehydes.*™*

5.4. Oxidative dearomatization of phenolic substrates

[Bis(acyloxy)iodo]arenes are commonly used as the reagents for various synthetically useful

oxidative transformations of phenolic compounds.'®?

Particularly useful is the oxidative
dearomatization of 4- or 2-substituted phenols (e.g. 97 and 100) with DIB or BTI in the presence
of an appropriate external or internal nucleophile (Nu) leading to the respective

cyclohexadienones 99 or 101 according to Scheme 44. The mechanism of this reaction most
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likely involves the initial formation of the phenoxyiodine(II) species 98 followed by elimination
of PhI and the generation of cationic phenoxenium intermediates which finally combine with the

nucleophile.'

OH

100

PhIX,, Nu

-HX

0
-Phl
-X™ R* Nu
99
0
R
Nu
101

R = alkyl, aryl, Oalkyl, halogen, etc.
X = OAc or OCOCF;

Scheme 44

Various nucleophiles, such as water, alcohols, fluoride ion, carboxylic acids, amides, oximes,
allylsilanes and electron-rich aromatic rings, have been used successfully in this reaction

(Scheme 44) in either an inter- or intra-molecular mode.

la-d . ..
¢ Recent examples of this reaction in

the inter-molecular mode are represented by the oxidative allylation of phenols 102°** and the
ipso-fluorination of p-substituted phenols 103 wusing pyridinium polyhydrogen fluoride,
Py+(HF)y, in combination with DIB or BTI (Scheme 45).3% A similar ipso-fluorination of p-
substituted anilines leading to 4-fluorocyclohexa-2,5-dienimines was recently reported by

36
Jouannetaud and coauthors.”™
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OH 0
R! R2  Phi(OAc), ~~TMS R! R2

37-84%

102 R' R2 R3=Cl, Br, |, TMS, But, etc.

OH PhI(OCOCFs3), or Phl(OAc), O
CH,Cl,, Py(HF),, t, 30 min

40-68%
R
103 R = Me, Et, CH,CH,Br, F, Cl, etc.

Scheme 45

Felpin has recently demonstrated that the phenolic oxidation can be further improved by
using phenol trimethylsilyl ethers instead of phenols as the substrates.*® In particular, it was
shown that the oxidation of trimethylsilyl ethers 104 affords p-quinols 105 in greatly improved
yields due to the minimization of oligomer side products formation compared to the oxidation of
free phenol (Scheme 46).%*

OSiMe; o)
R! PhI(OAc),, MeCN, H,0, 0 °C to rt R!
66-82%
R2 R2 OH
104 105

R' = H or Br; R? = Me, Ph, 2-FCgH,, 3-NO,CgH,
Scheme 46

Very recently, Quideau and coauthors have reported the preparation of versatile chiral
substrates 107 for asymmetric synthesis through the DIB induced spiroketalization of phenols
106 with a chiral substituted ethanol unit O-tethered to the ortho position (Scheme 47).8b This
reaction has been successfully utilized in the asymmetric total synthesis of the natural product
(+)-biscarvacrol.
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OH OH
o\/SLBut PhI(OAC),

HO, =
C:)/>S_,.But ; (:)/>S-"But
~0 MeMgBr ' o

CF3CH,OH THF
Bl -35°C -78°C Pr
54% 107
106 d.r. 195:5
Scheme 47

Quideau and coauthors have developed a BTI-mediated regioselective protocol for the
oxidative dearomatization of 2-alkoxyarenols in the presence of external carbon-based
nucleophiles.’” This is a synthetically valuable process, as illustrated by the BTI-mediated
oxidative nucleophilic substitution of the 2-alkoxynaphthol 108 with the silyl enol ether 109
leading to the highly functionalized naphthoid cyclohexa-2,4-dienone 110 (Scheme 48), which is
an important intermediate product in the synthesis of aquayamycin-type emgucyclinones.37a’b

@)

N
OH Me;Sio AN
OMe / PhI(OCOCFs),, CH,Cly, t, 2 h
+ p
¢ S O o
108 109 110 (E/Z 1.3:1)

Scheme 48

The DIB or BTI-induced phenolic oxidation in the intra-molecular mode provides an
efficient approach to synthetically valuable polycyclic products. Representative examples of
oxidative phenolic cyclizations promoted by [bis(acyloxy)iodo]arenes are shown in Scheme 49.
In particular, the oxidative cyclization of phenolic oxazolines 111 affords synthetically useful
spirolactams 112,>® the oxidation of enamide 113 leads to the spiroenamide 114, which is a key
intermediate product in the total synthesis of annosqualine,*®® and the spirocyclic product 116
has been prepared by a BTI-induced oxidation of catechol 115 in a key step of the total synthesis
of the marine sesquiterpene quinone (+)-puupehenone.**
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qu? z S0

PhI(OAG),, CF3CH,OH, rt, 30 min N .
41-42%
HO o
111 R=H,Z=HorR=Bn, Z=NHTs 112
MeO MeO
1. BuLi (2 equiv.), THF, (CF3),CHOH
Ve N_O 2 Phi(OAc),, (CF3),CHOH, 1, 10 min
78%

113

PhI(OCOCF3),, CH,Cly, —25 °C
67%

Scheme 49

Additional examples of the DIB or BTI-induced oxidative phenolic cyclizations include the
following studies: the preparation of different heterocyclic rings such as
dihydrofuranobenzofurans,  tetrahydrofuranobenzofurans,  tetrahydropyranofurans,  and
dihydrobenzofurans by the treatment of various substituted phenols with DIB in the presence of
furan, allylsilanes or cyclic enol ethers,® the asymmetric total syntheses of the pentacyclic
Stemona alkaloids tuberostemonine and didehydrotuberostemonine,” the fully stereocontrolled
total syntheses of (-)-cylindricine C and (-)-2-epicylindricine C,** the asymmetric total syntheses
of platensimycin,’ % the total synthesis of a potent antitumor alkaloid, discorhabdin A,** the total
synthesis of the amaryllidaceae alkaloid (+)-plicamine using solid-supported reagents,*”" the
development of enantioselective organocatalytic oxidative dearomatization methodology,’*® the
development of a flow process for the multi-step synthesis of the alkaloid natural product
oxomaritidine,”" the synthesis of carpanone using solid-supported reagents and scavengers,””"
and the studies on ring expansions of a spirocyclohexadienone system.*”

Very recently, Kita and coauthors reported the first enantioselective spirocyclization reaction
of the ortho-substituted phenolic substrates 117 using chiral aryliodine(IIl) diacetate 118 having

a rigid spirobiindane backbone (Scheme 50).***
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OH 0
/OAC o 0
. CHCls,-50°C, 2 h
+ o .
o : e (I
OAc
R R
117
0,
R = H, Et, Bn, cyclohexyl 118 up to 86% ee

Scheme 50

The oxidative dearomatization of ortho-substituted phenols 100 leads to 6,6-disubstituted
cyclohexa-2,4-dienones 101 (see Scheme 44), which can be conveniently utilized in situ as
dienes in Diels-Alder reactions.”” When the oxidation of phenols is performed in the absence of
an external dienophile, a dimerization via [4+2] cycloaddition often occurs spontaneously at
ambient temperature to afford the corresponding dimers with an extraordinary level of regio-,
site-, and stereoselectivity. A detailed experimental and theoretical investigation of such
hypervalent iodine induced Diels—Alder cyclodimerizations has recently been published by
Quideau and coauthors.*™ A representative example of an oxidative Diels—Alder
cyclodimerization of a phenolic substrate 119 to the dimer 120 is shown in Scheme 51.

OMe
, OH  PphI(OAc),, MeCN, MeOH, K,CO3, —42 °C
55%
R
119 R = CO,Me 120
Scheme 51

When the oxidation is performed in the presence of an external dienophile, the respective
products of [4+2] cycloaddition are formed.*' Typical examples are illustrated by a one-pot
synthesis of several silyl bicyclic alkenes 123 by intermolecular Diels-Alder reactions of 4-
trimethylsilyl substituted masked o-benzoquinones 122 derived from the corresponding 2-
methoxyphenols ~ 121,*'® and by the hypervalent iodine-mediated  oxidative
dearomatization/Diels-Alder cascade reaction of phenols 124 with allyl alcohol affording
polycyclic acetals 125 (Scheme 52).*'® The BTI-promoted tandem phenolic oxidation/Diels-
Alder reaction has been utilized in the stereoselective synthesis of the bacchopetiolone
carbocyclic core.*'
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OMe J\ 3
™S X _AR® oy
T™S OMe Phl(OAc), OMe X~ R3 TMS ; OMe
o ona OM
2 on  MeOH R? 0 74-96% R ©
R' RY °
121 122 123

R',R?R3=H or Me; X = CO,Me

OH
X OR? o PhI(OCOCF3),, rt X\(;L OR?
g 41-58% A
R' R’
124 X =BrorH; R'=CO,Me or OTs; R2=Me orBn 125

Scheme 52

A mechanistic investigation of the oxidation of 2,6-dimethylphenol using different oxidizing
systems has shown that DIB is the most efficient reagents for the oxidative coupling leading to
3,5,3",5'-tetramethyl-biphenyl-4,4'-diol. A reaction mechanism was proposed which involved an
initial formation of a [bis(phenoxy)iodo]benzene intermediate followed by its radical
fragmentation and then radical coupling and comproportionation/redox reaction steps.*

5.5. Oxidative coupling of aromatic substrates

The interaction of phenol ethers 126 or other electron-rich aromatic substrates with BTI leads to
the generation of cation radical intermediates 127, which can combine with external or internal
nucleophiles affording the products of dearomatization 128 or coupling 129 according to Scheme
53. Kita and coauthors have recently published a detailed mechanistic study of this process
(Scheme 53) for a specific reaction of oxidative cyclization of electron-rich aromatics with the
intramolecular hydroxyl group.** In this study, the formation of the cation radical intermediates
126 (R-Nu = -CH,CH,CH,OH) was experimentally confirmed by ESR spectroscopy, and the
factors determining the ratio of products 128 and 129 and their consequent transformations were
clarified.
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OMe OMe (@] , R1 OMe R3
3 1 3 1 R
R! R®  phiococry), | R R R
— or
R2 (CF3),CHOH R2 R2 R2 Nu
or CF3CH,OH Nu R. ./
R Nu or Lewis Acid R Nu Y T
126 B 127 ] 128 129
R = alkyl, alkoxy, halogen, etc.
Nu = external or internal nucleophilic group, including electron-rich aromatics
Scheme 53

The direct nucleophilic substitution of electron-rich phenol ethers using BTI and Lewis acid
and involving aromatic cation radical intermediates was originally developed by Kita and
coauthors in 1994.%" Since then this procedure with some variations has been extensively
applied for various oxidative transformations, such as the synthesis of biaryls,**
spirodienones, "¢ and chromans.”" Specific recent examples of the oxidative coupling of
N-substituted 1-

and the oxidative

ethers include coupling of wvarious

43d

phenolic the oxidative biaryl
benzyltetrahydroisoquinolines 130 to the corresponding aporphines 131
cyclization of 3,4-dimethoxyphenyl 3,4-dimethoxyphenylacetate 132 leading the seven-
membered lactone 133 (Scheme 54).%° A similar oxidative coupling reaction of
benzyltetrahydroisoquinolines (laudanosine derivatives) using BTI and heteropoly acid has been

used in an efficient synthesis of morphinandienone alkaloids.**®

OMe OMe
MeO MeO
O . PhI(OCOCFs),, BFy-OEt, O
NR 1
MeO CH,Cl,, —40°C, 1 h Ve NR
l 29-72% ‘
R3 R3
2
R R' = Me, CHO, CO,Me R?
130 R2 and R® = OMe or R2+R3 = OCH,0 131
0 0
MeO PhI(OCOCF3),, BF*OEt, ~ MeO
o MeCN, t, 10 min O o
MeO 85% MeO O
M OMe
132 Meo OMe 133 MeO

Scheme 54
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The non-phenolic electron-rich aromatic substrates can also be oxidatively coupled using
[bis(acyloxy)iodo]arenes. Kita and coauthors reported facile and efficient oxidative coupling
reaction of alkylarenes 134 leading to alkylbiaryls 135 using a combination of BTI and BF;*OEt;
(Scheme 55).*** Similarly, multiply iodinated biaryls can be prepared in good yields by the BTI-

induced direct oxidative coupling reaction of the iodinated arenes.**"

R Ph'(OCOCF3)2, BF3’OEt2 R R
CH,Cl,, —78 °C, 3-6 h
74-90%
R R R
134 R =Me, Etor|l 135

Scheme 55

Oxidation of N-aromatic methanesulfonamides 136 with DIB in the presence of thiophene
137 in trifluoroethanol or hexafluoroisopropanol affords the respective coupling products 138 in
good yield.** Likewise, the dimers of 3-substituted thiophenes*>* 4 can be
regioselectively synthesized by the oxidative coupling of appropriate heterocycles using BTI in
the presence of Lewis acids in dichloromethane at -78 °C.

and pyrroles

NHSO,Me i NHSO,Me
© . @ Phl(OAc),, (CF3),CHOH, rt, 10 min s
S 72-84%
R 137 R
136 R = Me, Pr, Pr', CH,CH,0H, Cl 138
Scheme 56

Very recently, Yoshimura, Takahata and coauthors reported a direct coupling reaction of
cycloalkenylsilanes with a silylated nucleobase promoted by DIB or BTI in the presence of
trimethylsilyl triflate in dichloromethane at room temperature.*> This procedure was applied in
the synthesis of a novel carbocyclic cytidine derivative having bis(hydroxymethyl)cyclohexene
as a pseudosugar moiety, designed as a potential anti-HIV agent.**

5.6. Radical rearrangements
Useful synthetic methodologies are based on the cyclization, rearrangement or fragmentation of

the alkoxyl radicals generated in the reaction of alcohols with [bis(acyloxy)iodo]arenes or
iodosylbenzene in the presence of iodine under photochemical conditions or in the absence of
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irradiation.'® Suarez and coauthors have applied this methodology in various useful
transformations of carbohydrate derivatives.*® The intramolecular hydrogen abstraction reactions
promoted by alkoxy radicals in carbohydrates are particularly useful for the stereoselective
synthesis of various polycyclic oxygen-containing ring systems.*®7 This reaction can be
illustrated by the intramolecular 1,8-hydrogen abstraction between glucopyranose units in
disaccharide 139 promoted by alkoxyl radicals and leading to the 1,3,5-trioxocane derivative 140
(Scheme 57).%%¢

OMe

MeO

Phl(OAC)z, |2
OMe CHzClo, 1, 1.5 h

56%

MeO,,

MeO' -

MeO MeO MeO  OMe MeO

139

Scheme 57

Boto and Hernandez have reported a short and efficient synthesis of chiral furyl carbinols
from carbohydrates, such as 141, based on the alkoxyl radicals fragmentation reaction leading to
the intermediate product 142 (Scheme 58).*” The same authors have developed an efficient
procedure for the selective removal from carbohydrate substrates of methoxy protecting groups

next to hydroxy groups by treatment with the DIB-I, system.*”"

MeO 0
OH  Phi(OAC)y, I, hv, CHoClp, 1t ¢ OAG

82% MeO

Scheme 58
The one-pot radical fragmentation-phosphorylation reaction of a-amino acids or B-amino

alcohols (e.g. 143) affords a-amino phosphonates 144 in good yields (Scheme 59). This reaction
was applied to the synthesis of potentially bioactive phosphonates.*’
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1. PhI(OAC),, I, hv, CH,Cl,
OW(OH 2. P(OMe),, BF3+OEt, &P,OMG
N N V" OMe
J X 81-86% o)
R 0”7 R
143 R =Phor OMe; X =2H or O 144

Scheme 59

Kita and coauthors developed a simple and reliable method for the direct construction of
biologically important aryl lactones 146 from carboxylic acids 145 using a combination of DIB
with KBr (Scheme 60). The mechanism of this reaction includes the initial generation of the
carbonyloxy radical followed by the intramolecular benzylic hydrogen abstraction and

cyclization.*®
0]
Ar\/\M,COZH PhI(OAc),, NaBr, CH,Cl,, 30 °C o
: 21-80% A
r n
145 146
n = 1-3; Ar = Ph, 4-MeOCgHj, 4-NO,CqHj, 4-FCqHy, etc.
Scheme 60

The alkoxy radical fragmentation with DIB in the presence of iodine was also used in a facile
synthesis of (n+3) and (n+4) ring-enlarged lactones as well as of spiroketolactones from n-
membered cycloalkanones.*®

Useful synthetic methodologies are based on the cyclization or rearrangement of the
nitrogen-centered radicals generated in the reaction of the appropriate amides with DIB in the
presence of iodine.'* Specific examples are illustrated by the synthesis of bicyclic spirolactams
148 from amides 147,%* and the preparation of the oxa-azabicyclic systems (e.g. 150) by the
intramolecular hydrogen atom transfer reaction promoted by carbamoyl and phosphoramidyl

radicals generated from the appropriately substituted carbohydrates 149 (Scheme 61).*"
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N PhI(OAC),, I, MeCN
MeO ‘ NHy rt, hv,0.5h
MeO" R 56-65%

147 R =H or OMe

0 RHN
7< o 7 PhI(OAc),, I, MeCN
o t, hv, 6-12 h
55-64%
o><o
149 R = Boc or PO(OPh),

Scheme 61
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Ho Ao,
N>
07< R

150

5.7. Thiocyanations, azidations, arylselenations, and aryltellurations

Various organic substrates, such as enol silyl ethers, ketene silyl acetals, P-dicarbonyl

compounds, alkynes, and para-unsubstituted phenols and naphthols, can be effectively
thiocyanated with the combination reagent PhICl,/Pb(SCN),.'® Recently, Prakash and coauthors
have reported an improved method for the thiocyanation of 2-arylindan-1,3-diones, phenols, and

anilines using a reagent combination of (dichloroiodo)benzene and potassium thiocyanate in dry

dichloromethane.’™ For example, the para-unsubstituted phenols and anilines 151 are efficiently

converted under these reaction conditions to the respective p-thiocyanato derivatives 152 in high

yields (Scheme 62).
X X
R1
PhICI,, KSCN, CH,Cl,, 0 °C to rt, 50 min
R? 69-86%
SCN
151 X = OH or NH,
R'=H, OH or COOH 152
R?=H or OH
Scheme 62
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Koser, Telu, and Laali have found that the reaction of polycyclic aromatic hydrocarbons with
HTIB in the presence of trimethylsilyl isothiocyanate leads to the regioselective thiocyanation of
the PAH nucleus, as illustrated by the reaction of anthracene shown in Scheme 63. 0b

SCN

PhI(OH)OTs, Me3SiNCS, CH,Cl,, rt, 24 h
(J I

Scheme 63

The combination of iodosylbenzene or (diacetoxyiodo)benzene with trimethylsilyl azide or
sodium azide is commonly used in various azidation reactions.'® Recently, Bols and coauthors
have found that the PhI(OAc),/TMSN; system is similar in reactivity to IN3 and can promote
high-yield azidations of ethers, aldehydes and benzal acetals at 0 °C to room temperature in
acetonitrile.”'® For example, the azidation of ethers 153 under these conditions leads to benzylic
azides 154, while the aldehydes 155 initially afford the unstable acyl azides 156, which are
converted to carbamoyl azides 157 via the Curtius rearrangement upon heating with an excess of
TMSN; (Scheme 64).°" Very recently, Zhang and coauthors have reported the application of
(dichloroiodo)benzene in combination with sodium azide for a similar synthesis of carbamoyl
azides from aldehydes.’ 1o

PhI(OAc),, TMSN3, MeCN, rt N3
ph o R AR
82-98% Ph~ O
153 154
R = Me, CH,Ph, CH,CH,CH,OTMS, etc.
0 PhI(OAc),, TMSN; (2.5 equiv.) o] 83 °C, 30 min 0
R)J\H MeCN, 0 °C to rt R Ns 74-84% R\Nst
H
155 156 157

R = CGH13, PhCHzCHz, Ph, 4-CH3C6H4, 4-MeOC6H4, etc.

Scheme 64

Austin and coauthors utilized the PhI(N3), mediated vicinal diazidation of a double bond in
the key step of the total synthesis of (+)-dibromophakellstatin. The key syn-diazide 159 was
prepared by the treatment of pyrazinone 158 with the PhI(OAc),/TMSN;j; system followed by the

addition of tetracthylammonium iodide (Scheme 65).%1°
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N PhI(OAC),, TMSN;, EtsNI y
| CH,Cl,, -30 °C to rt
N0 41% o)
158

Scheme 65

Ketones can be conveniently converted into a-azidoketones in one-step using HTIB and
sodium azide.”'*¢

In the 1990s, Tingoli and coauthors have found a general approach to various arylselenated
products by the reaction of unsaturated compounds with diaryl diselenides and DIB.***" Several
further modifications of this reaction have recently been reported.”>® The reaction of gem-aryl-
disubstituted methylenecyclopropanes with diphenyl diselenide and DIB produced the
corresponding bis-phenylselenated rearranged products in moderate yields under mild
conditions.” A multicomponent reaction of allenes 160, diaryl diselenides, DIB, and alcohols or
acids affords 3-functionalized-2-arylselenyl substituted allyl derivatives 161 in moderate yields

(Scheme 66).>*

o PhI(OAc),, ArSeSeAr, R20H, 64-100 °C SeAr
/_C_ - R1
R? 28-71%
160 OR?
161

R1 = Ph, 4-MeC6H4, 2-MeCSH4, 2,6-M32C6H3, Ot-C10H7
Ar = Ph or 4-MeCgH,; R? = Me, Et, Pri, Bu!, Ac, C3H,CO

Scheme 66

Nifantiev and coauthors reported an improved preparative method for homogeneous
azidophenylselenylation (APS reaction) of glycals by the reaction with DIB, diphenyldiselenide,
and trimethylsilyl azide.”**" In a representative example, the reaction of tri-O-benzyl-galactal 162
with DIB/Ph,;Se,/TMSN3; in dichloromethane under mild conditions affords the corresponding
selenoglycoside 163 in moderate yield (Scheme 67).*° The noncarbohydrate alkenes, such as
styrene and substituted cyclopentenes, can also be azidophenylselenated under these conditions.
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PhI(OAc),, PhSeSePh, TMSN, BnO _OBn
BnO _0Bn CH,Cly, —30 to =10 °C, 2.5 h
(o] BnO
BnO — 2%
N3seph
162 163

Scheme 67

The selenodecarboxylation of cinnamic acid derivatives 164 with diaryldiselenides promoted
by DIB in acetonitrile affords vinyl selenides 165 in moderate yields (Scheme 68).”%¢ A similar
reaction of arylpropiolic acids gives respective alkynyl selenides in 60-90% yields.

Arl PhI(OAc),, Ar’SeSeAr?, MeCN, 60 °C, 8-24 h Arl
CO,H 20-68% SeAr?
164 165

Ar' = 3,4-(OCH,0)CgH3, 4-MeOCgH,, 3,4,5-(MeO)3CgH,
Ar? = Ph or 4-MeCgH,

Scheme 68

The interaction of the PhI(OAc),/NaN3 system with organic ditellurides can be used for the
generation of the organotellurenyl radicals. This reaction has been utilized in the synthesis of
organyltellurophosphates 168 by the treatment of diorganyl phosphites 167 and diorganyl
ditellurides 166 with DIB and sodium azide in dichloromethane at room temperature (Scheme
102).7%

RTeTeR + L Phi(OAc), NaNs, CHyCly, t ﬁ
N N\ 1
R 51-82% RTe”"\ OR
166 OR O
167 168

R = Ph, Bu, 4-CICgHy, a-C4oH7; R' = Me, Et, Pr, Pri, Bu, Ph
Scheme 69
5.8. Transition metal catalyzed reactions
Various oxidative transformations involving hypervalent iodine(Ill) reagents can be effectively

catalyzed by transition metal salts and complexes.'® Iodosylbenzene is widely used as the most
efficient terminal oxidant — source of oxygen in biomimetic oxidations catalyzed by
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metalloporphyrins and other transition metal derivatives. Numerous older publications on the use
of iodosylbenzene in transition metal catalyzed oxidations have been summarized in several
books and reviews.”> Recent examples of transition metal catalyzed oxidations employing
iodosylbenzene include the hydroxylation of hydrocarbons,”® the transition metal-mediated
epoxidation of alkenes,”’*> oxidation of alcohols to carbonyl compounds,’® &-sultone formation
through Rh-catalyzed C-H insertion,”” and oxidation of organic sulfides to sulfoxides.’’>*

[Bis(acyloxy)iodo]arenes are also commonly used as stoichiometric oxidants in the reactions
catalyzed by transition metal salts and complexes. DIB is occasionally employed instead of
iodosylbenzene as the terminal oxidant in biomimetic oxygenations catalyzed by
metalloporphyrins and other transition metal complexes.”® Primary and secondary alcohols can
be selectively oxidized to the corresponding carbonyl compounds by DIB in the presence of
transition metal catalysts, such as RuCls,”’ polymer-micelle incarcerated ruthenium catalysts,’*
chiral-Mn(salen)-complexes,”™  Mn(TPP)CN/Im catalytic system,’® and (salen)Cr(IIl)
complexes.®” The epoxidation of alkenes, such as stilbenes, indene and 1-methylcyclohexene,
using DIB in the presence of chiral binaphthyl ruthenium(III) catalysts (5 mol%) has also been
reported. The chemoselectivity and enantioselectivity of this reaction was found to be low (4%
ee). 5"

The mechanisms and applications of palladium-catalyzed reactions of DIB and other
hypervalent iodine reagents in synthetically useful organic transformations were recently
reviewed by Deprez and Sanford.®' Particularly useful are the Pd-catalyzed oxidation reactions,
including the oxidative functionalization of C-H bonds and the 1,2-aminooxygenation of olefinic
substrates.®’ Representative examples of these catalytic oxidations are illustrated by the selective
acetoxylation of C-H bonds adjacent to coordinating functional groups (e.g., pyridine in substrate
169),61b and by the Pd(OAc),-catalyzed intramolecular aminoacetoxylation in the reaction of y-
aminoolefins (e.g., cinnamyl alcohol derived tosyl carbamate 170) with DIB (Scheme 70).°' The
key mechanistic step in these catalytic transformations includes the DIB promoted oxidation of
Pd(IT) to the Pd(IV) species, as proved by the isolation and X-ray structural identification of
stable Pd(IV) complexes prepared by the reaction of PhI(O,CPh), with Pd(II) complexes
containing chelating 2-phenylpyridine ligands.®'™
chlorinations of organic substrates using (dichloroiodo)benzene have also been reporte

Several examples of Pd-catalyzed
d‘61n,0
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Phi(OAc), (1.1-1.6 equiv.), Pd(OAc), (1-6 mol%)
MeCN, 75-100 °C, 12-20 h

/ /
\ N 52% \ N
H AcO
169
. O
Phl(OAc), (2 equiv.), Pd(OAc), (10 mol%) //<
(0] BusNOAc, MeCN, 25°C, 7 h TsN o
TsHN)LO Z 92%
OAc
170 9.5:1dr
Scheme 70

Yan and coauthors have developed an efficient procedure for synthesis of symmetrical
conjugated diynes 172 from terminal alkynes 171 using DIB as oxidant under palladium-
catalyzed conditions (Scheme 71). similar coupling of terminal alkynes can occur in the
absence of palladium catalysts as well.®*

62a,b A

Phl(OAc),, PdACI5 (2 mol%), Cul (2 mol%)
EtsN, THF, rt, 0.5-3 h

171 62-90% 172

Scheme 71

6. Hypervalent Iodine Compounds as Catalysts and Reusable Reagents
6.1. Catalytic utilization of hypervalent iodine reagents

The catalytic utilization of hypervalent iodine reagents is one of the most impressive recent

'3 The first examples of a catalytic

developments in the field of organoiodine chemistry.
application of the iodine(V) species in the oxidation of alcohols using oxone as a stoichiometric
oxidant were independently reported by the groups of Vinod®*** in 2005 and Giannis®*® in 2006.
Very recently, Ishihara and coauthors have optimized the procedure for the catalytic oxidation of
alcohols by using 2-iodobenzenesulfonic acid as an extremely active catalyst and oxone as

terminal oxidant.%*
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Numerous examples of catalytic utilization of the iodine(IIl) species have been reported by
several other groups in the last 2-3 years. The catalytic applications of hypervalent iodine have
recently been overviewed by Richardson and Wirth®*® and by Ochiaj.'"%%

Ochiai and coauthors have reported a catalytic variant of a-acetoxylation of ketones based on
the in situ generation of DIB from iodobenzene using m-chloroperbenzoic acid (mCPBA) as a
terminal oxidant.®® In a typical example, the oxidation of a ketone with mCPBA (2 equiv.) in
acetic acid in the presence of a catalytic amount of Phl (0.1 equiv.), BF;*OEt, (3 equiv.) and
water (5 equiv.) at room temperature under argon affords the respective a-acetoxy ketone in 63-
84% isolated yield (Scheme 72). p-Methyl- and p-chloroiodobenzene can also serve as efficient
catalysts in the o-acetoxylation of ketones using mCPBA as a terminal oxidant.®>

0]

0
Phi (10 mol%), mCPBA J\(RZ
R? R’
R1JJ\/

BF3'Et20, Hzo, ACOH, rt OAc

R', R2 = alkyl, aryl, etc.
Scheme 72

A similar procedure for the catalytic a-oxytosylation of ketones employs mCPBA as
stoichiometric oxidant and iodoarenes as catalysts in the presence of p-toluenesulfonic acid.®"*
Kita and coauthors have reported a catalytic variant of the oxidative spirocyclization reaction
based on the in situ regeneration of a [bis(trifluoroacetoxy)iodo]arene from iodoarene using
mCPBA as a terminal oxidant.®® In a typical example, the oxidation of the phenolic substrate
173 with mCPBA in dichloromethane in the presence of a catalytic amount of p-
[bis(trifluoroacetoxy)iodo]toluene (0.01 equiv.) and trifluoroacetic acid at room temperature
affords the respective spirolactone 174 in good yield (Scheme 73). A variety of other
[bis(trifluoroacetoxy)iodo]arenes can be used as catalysts in this reaction [e.g. BTI, 4-
MeOCcH4I(OCOCF;), and 2,4-F,CcH3I(OCOCF;),] and different acidic additives (acetic acid,
BF;°OEt,, TMSOTf, molecular sieves), but the Toll(OCOCFj3),/CF;CO,H system generally
provides the best catalytic efficiency. Under these optimized conditions, a variety of phenolic
substrates 175 was oxidized to spirolactones 176 in the presence of catalytic amounts of p-
iodotoluene (Scheme 73).°* Likewise, the amide derivatives of phenolic substrates 175 can be
catalytically oxidized to the respective N-fused spirolactams using catalytic amounts of p-
iodotoluene and mCPBA as a terminal oxidant.*® A similar catalytic procedure has been
reported for the oxidation of 4-alkoxyphenols to the corresponding 1,4-quinones using a catalytic
amount of 4-iodophenoxyacetate in the presence of oxone as a co-oxidant in an aqueous
acetonitrile solution.®*
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OH Q
Toll(OCOCF3), (0.01 equiv.), mCPBA (1.5 equiv.)
CF3COZH (50 GQUiV.), CH2C|2, rt,2h
71% o
CO,H
o)
173 174
OH 0
R! R? Toll (0.05 equiv.), mCPBA (1.5 equiv.) R! R?
CF3CO5H (1 equiv.), CH,Cly, rt, 2 h
66-91% R g
a7~ COH
R4 R4 (@)
R RZR3R*=H, Me, Br
17s or R1,R2 = H, R® + R* = (=CH-CH=CH-CH=) 176
Scheme 73

A catalytic version of the intermolecular oxidative coupling of phenolic ethers using BTI
(0.125 equivalents) as a catalyst and mCPBA as the stoichiometric oxidant has also been
reported.®® Very recently, Kita and coauthors have developed a new H,O/acid anhydride
system for the iodoarene-catalyzed intramolecular C-C cyclization of phenolic derivatives; a
representative example of this catalytic cyclization is shown in Scheme 74644

OH o)
F |
O (20 mol%) ‘
Urea'Hzoz, CF3C02H '
(Y- O OMe  CF4CH,0H,—40to-10°C (5 O OMe
n=1,74%, 1h
OMe n=2,64%,3h OMe

Scheme 74

Liu and Tan have developed a catalytic procedure for the DIB-promoted oxidative
iodolactonization of pentenoic, pentynoic, and hexynoic acids in the presence of
tetrabutylammonium iodide.®® In this procedure, DIB is generated in situ using a catalytic
amount of iodobenzene with sodium perborate monohydrate as the stoichiometric oxidant. A
variety of unsaturated acids including 6-pentenoic acids 177, d-pentynoic acids and d-hexynoic
acid gave high yields of the respective lactones (e.g. 178) using this organocatalytic
methodology (Scheme 75).°%
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0
Phl (5 mol%), BuyNI (1.1. equiv.) R1
R'__CO2H  NaBO,+H,0 (2 equiv.), AcOH, CH,Cl,, 40 °C 0
_Q709
\K:_VL_Rz 80-97% |
R2
177
R' = H, Me, Et, Bn; R2 = H, Me, Et 178

Scheme 75

Togo and Moroda have reported a DIB-mediated cyclization reaction of 2-aryl-N-
methoxyethanesulfonamides using iodobenzene as a catalyst (5-10 mol%) and m-

chloroperoxybenzoic acid as the stoichiometric oxidant.®f

Very recently, Ochiai and coauthors
have reported an efficient iodomesitylene-catalyzed oxidative cleavage of alkenes and alkynes

using mCPBA as a terminal oxidant.®®
6.2. Polymer-supported and recyclable hypervalent iodine reagents

The preparation and applications of polymer-supported hypervalent iodine reagents, bearing
(diacetoxy)iodo, (dihalo)iodo, [hydroxy(tosyloxy)iodo], [hydroxy(phosphoryloxy)iodo],
aryliodonium, 1,2-benziodoxol-3-one, and hypervalent iodine groups as counter anions, was
reviewed by Togo and Sakuratani in 2002.'¢ More recently, in 2008, the polymer-supported and
reusable monomeric hypervalent iodine reagents were overviewed by Ochiai and Miyamoto."
These efficient and environmentally benign reagents can be used for various oxidative functional
group conversions of substrates and can be recovered quantitatively by simple filtration, and then
regenerated and reused. Recent representative examples of synthetic applications of the
polystyrene-supported DIB and BTT are discussed in this section.

Polymer-supported [bis(acyloxy)iodo]arenes have been used for the oxidation of alcohols
catalyzed by TEMPO®™™® or in the presence of KBr.®® In a specific example, primary alcohols
179 are readily oxidized to methyl esters 180 upon treatment with polystyrene-supported DIB in
the presence of KBr in the acidic aqueous methanol solution (Scheme 76).6¢ Likewise, organic
sulfides are selectively oxidized to the respective sulfoxides by DIB or the polymer-supported
DIB in water in the presence of KBr.®”

(polystyrene)—I(OAc),, KBr (1 equiv.),

MeOH, H,0, HCI, rt, 3-12 h O

R™OOH J
61-76% R” “OMe

179 180

R = CsH44, cyclohexyl, Ph, EtO,C(CH,),, etc.

Scheme 76
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Various vicinal diols 181 (13 examples) can be oxidized to aldehydes 182 using polymer-
supported DIB (Scheme 77).14b Protecting groups such as OAc, OR, OBn, OBz, and
isopropylidene in the substrates are stable under these reaction conditions. cis-1,2-
Cyclohexandiol is converted to 1,6-hexandial in this reaction.'*"

(polystyrene)—I(OAc),, CH,Cl,, rt, 6-8 h R
Rj/\OH 2 2Ll m
OH 82-98% o)
181 R = alkyl, aryl, etc. 182

Scheme 77

The treatment of 1-alkynylcycloalkanols 183 with poly[styrene(iodosodiacetate)] and iodine
affords (2)-2-(1-iodo-1-organyl)methylenecycloalkanones 184 resulting, probably, from the
alkoxyl radical promoted ring expansion reaction (Scheme 78).°7

HO_ - (polystyrene)-I(OAc),, Ip, CHyCly, t, 11-14 L
if 55-80% R
n n

183 184
h, Bu, TolOCH,

P
Ph, PhCH,OCH,, TolOCH,
Ph, Bu, TOIOCH,, PhCH,OCH,

WN =
A 0 0

5 35 5
mnnnu

Scheme 78

Polymer-supported [bis(acyloxy)iodo]arenes have also been utilized in the synthesis of
heterocycles. Representative examples include the preparation of thiazolo[2,3-c]-s-triazoles by
the reaction of  arenecarbaldehyde-4-arylthiazol-2-ylhydrazones with poly[(4-

diacetoxyiodo)styrene],®’" the synthesis of 1-benzoyltetrahydroisoquinoline derivatives using

polymer-supported BTI.%"¢

The polymer-supported HTIB can be used in the same oxidative transformations as the
monomeric HTIB.®® In particular, it can serve as excellent oxidant in the Hofmann-type
degradation of carboxamides to the respective amines. In a recent example, primary alkyl- and
benzylcarboxamides were converted to the corresponding alkylammonium tosylates with poly[4-
hydroxy(tosyloxy)iodo]styrene in acetonitrile at reflux in yields ranging from 60% to 90%.°%

686 and in

The polymer-supported HTIB has been employed in direct a-hydroxylation of ketones

the synthesis of isoflavones from 2'-benzoyloxychalcones.68‘1
Poly[4-(hydroxy)(tosyloxy)iodo]styrene can be used in the halotosyloxylation reaction of

alkynes with iodine or N-bromosuccinimide (NBS) or N-chlorosuccinimide (NCS) (Scheme

79).%%¢ The polymeric reagent can be regenerated and reused.
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A 2 (polystyrene)—I(OH)OTs, I, or NBS or NCS, CH.Cl,, rt R X
60-97% TsO> <R2

R' = Ph, Bu, But, CH30CH,, H
R2 = H, Ph, 4-MeCgH4C(0), 4-CIC4H4C(O), Ts, P(O)Ph,, CO,Me, TMS
X =1,Br, Cl

Scheme 79

The polymer-supported hypervalent reagents are very useful for oxidative transformations of
various functionalities; however, they have some serious disadvantages compared to the
monomeric reagents. In particular, the polymeric reagents often have lower reactivities than the
corresponding monomeric analogues and, moreover, the repeated use of these polymers leads to
significant degradation due to the benzylic oxidation of the polystyrene chain." The alternative
monomeric reusable reagents, that have been developed in the last 4-5 years, are free of these
limitations. Several examples of these reagents are discussed below.

The ionic liquid-supported (diacetoxyiodo)arenes 11, 12 (see Section 3.5)
[hydroxy(tosyloxy)iodo]arenes 185'* are thermally stable hypervalent iodine(III) reagents that
allow easy recovery and recycling of the reduced aryl iodides either by extraction into an ionic

14d and the similar

liquid phase or by simple filtration, with subsequent reoxidation. Various primary and secondary
alcohols can be oxidized to aldehydes and ketones with the ion-supported
[bis(acyloxy)iodo]arene 12 (1.4 equivalents) in the ionic liquid [emim][BF4] (1-ethyl-3-
methylimidazolium tetrafluoroborate) in the presence of bromide anion without overoxidation to
carboxylic acids.'* Likewise, the a-tosyloxylation of ketones with the ion-supported Koser’s
reagent 185 proceeds smoothly in MeCN even at 0 °C (Scheme 80).'* The reactions are faster
than those with Koser’s reagent itself, probably due to the presence of the electron-withdrawing
ester group on the benzene ring.

Me, Q
0 + %}jﬁo MeCN, 20 min, 0°Ctort o
R1J\/R2 N ,/OH 65-80% R1J\(
BU TsOI OTs
X =0Ts or NTf,
R', R? = alkyl, aryl 185

Scheme 80
Recently,  Tesevic and  Gladysz  have  demonstrated  the  utility  of

[bis(trifluoroacetoxy)iodo]perfluoroalkanes 187 with a long fluorous alkyl chain (n = 7-12) as
convenient recyclable oxidants.®*® Similarly to BTI [bis(trifluoroacetoxy)iodo]perfluoroalkanes
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187 can serve as excellent reagents for the oxidation of phenolic substrates. The reduced form of
the reagent, the respective iodoperfluoroalkane, can be efficiently separated from the reaction
mixture using fluorous techniques and reused. In a specific example, reagents 187 (n =8, 10, 12)
can rapidly oxidize 1,4-hydroquinones 186 to the respective quinones 188 in methanol at room
temperature (Scheme 81). Subsequent addition of a fluorous solvent, such as
perfluoro(methylcyclohexane), results in a liquid/liquid biphase system. The product quinones
188 are generally isolated in about 95% yields from the methanol phase, and
iodoperfluoroalkanes 189 are isolated in 98-99% yields from the fluorous phase. The recovered
iodoperfluoroalkanes 189 may be reoxidized to the initial reagents 187 in 97% yield and
reused.””

OH (@]
1 1
R QCOCFs  MeoH,t R
+ CnF2n+1_! 10 min_’ + CnF2n+1I
R2 R? OCOCF;, R? R? 189
OH O 000
187 (n =38, 10, 12) (95-99%)
186 188 (95-99%)

R'/R2 = H/H, Me/Me, Bu'/H, CI/H
Scheme 81

[Bis(trifluoroacetoxy)iodo |perfluoroalkanes 187 (n = 7, 8, 10, 12) are effective and easily
recyclable reagents for the oxidation of aliphatic and benzylic secondary alcohols 190 to ketones
191 in the presence of aqueous KBr and the absence of organic or fluorous solvents (Scheme
82).69b The reduced form of the reagent, the respective iodoperfluoroalkane 189, can be
efficiently isolated from the reaction mixture in 96-98% yield by adding 3-5 volumes of
methanol and separating the resulting fluorous/methanolic liquid/liquid biphase system. The

recovered iodoperfluoroalkane 189 can be reoxidized to reagent 187 and reused.®”
OH OCOCFs  omer,it O . e
R1J\R2 + CannH_éCOCF 30 min R1J\R2 n2n+1
190 3 189
187 (n = 8, 10) 191 (96-98%)
(53-86%)

R'/R? = Ph/Et, Ph/Me, Me/CgH43, —(CH,)7—, menthol
Scheme 82

It is noteworthy that the fluorous reagents 187 (Scheme 82) oxidize secondary alcohols in the
presence of bromide ions much more rapidly than other iodine(Ill) compounds (e.g.,

ISSN 1551-7012 Page 49 ARKAT USA, Inc.



Special Issue Reviews and Accounts ARKIVOC 2009 (i) 1-62

iodosylbenzene or DIB) under similar conditions. The higher reactivity may in part be ascribed
to the directly bound electron-withdrawing perfluoroalkyl substituent in compounds 187, which
enhance its oxidizing strength.69b

Westwell and coauthors investigated the oxidation of hydroxylated stilbenes 192 using
[bis(trifluoroacetoxy)iodo]perfluorohexane (Scheme 83).° Instead of the expected products of
the phenolic oxidation, diaryl-1,2-dimethoxyethanes 193 as mixtures of diastereoisomers were
isolated in moderate yields from this reaction. The perfluorohexyl iodide by-product (bp 140 °C)

could be recovered simply by distillation of the reaction mixture under reduced pressure.’”

OH CeF13l(OCOCFs), OMe OH
. MeOH, rt, 10 min
Ar 19-34% Ar

Ar = Ph, 3-MeOCgH,, 3-FCgHy, 4-FCgH, 193
Scheme 83

Gladysz and Rocaboy have reported the application of fluorous (diacetoxyiodo)arenes in
oxidations of hydroquinones to quinones; in this procedure the fluorous reagents can be
conveniently recovered by simple liquid/liquid biphase workups.**

In the last few years, much effort has been devoted to the development of simple,
nonpolymeric, recyclable iodanes, which show reactivities similar to those of the original
hypervalent iodine(IIl) reagents. Examples of the recyclable analogs of the Koser’s reagent are
represented by structures 20-24 (see Section 3.5); recyclable ArICl, are represented by 4,4'-
bis(dichloroiodo)biphenyl 39 and 3-(dichloroiodo)benzoic acid (see Sections 3.2 and 4.2), and
the structures of recyclable [bis(acyloxy)iodo]arenes 194, 195,'7196,> 197,°°* and 1987 are

shown in Scheme 84.
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I(OAc), I(OAC),

(AcO),l O lg O I(OAc),

(AcO),

(AcO),
(AcO),l
? 194 195
I(OAC),
I(OCOCF3), 10
COH CO,H SO3Bu
196 197 198

Scheme 84

A convenient recyclable reagent, m-iodosylbenzoic acid 197, selectively oxidizes primary
and secondary alcohols to the respective carbonyl compounds in the presence of RuCl; (0.5
mol%) at room temperature in aqueous acetonitrile.”* Separation of pure products in this case is
achieved by simple extraction of the basic aqueous solution, and the reduced form of the reagent,
m-iodobenzoic acid, can be easily recovered from the aqueous solution by simple acidification.
Kirschning and coauthors have recently reported the use of the recyclable reagent 198,
phenylsulfonate-tagged DIB, in a similar RuCls-catalyzed oxidation of alcohols.”

The recyclable [bis(acyloxy)iodo]arenes 194 and 195 can be used instead of DIB in the KBr
or TEMPO catalyzed oxidations of alcohols.'”®" 3-[Bis(trifluoroacetoxy)iodo]benzoic acid 196,
can oxidize organic sulfides to the respective sulfoxides at room temperature in aqueous
acetonitrile.’™ [Bis(trifluoroacetoxy)iodo]benzoic acid 198, can be used as the oxidant in
oxidative iodination reactions.’*’*

The recyclable analogs of the Koser’s reagent 20°! and 21'® (see Section 3.5) can serve as
excellent oxidants in Hofmann-type degradation of carboxamides to the respective amines
(Scheme 85).°+!7¢
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0]

. NH,
Q)LNHz 20, MeCN, rt, 40 min /@/
93%
02N OZN
NH2 21, MeCN, reflux, 1 h NH; TsO-
0] 82%

Scheme 85

7. Conclusion and Outlook

This review demonstrates an active current interest in synthetic applications of hypervalent
iodine(III) reagents. This growing interest in iodine(III) compounds is mainly due to their very
useful oxidizing properties, combined with benign environmental character and commercial
availability. There has been a major surge of activity in several areas of the hypervalent iodine
chemistry. These areas include the application of hypervalent iodine reagents in various
oxidative transformations, the development and synthetic use of polymer-supported and
recyclable hypervalent iodine reagents, and the catalytic applications of organoiodine
compounds. We anticipate that these areas of hypervalent iodine chemistry will continue to
attract significant research activity in the future.
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