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Oxidation of Alcohols

IBX Amides: A New Family of Hypervalent
Iodine Reagents**

Viktor V. Zhdankin,* Alexey Y. Koposov,
Brian C. Netzel, Nikolai V. Yashin, Brian P. Rempel,
Michael J. Ferguson, and Rik R. Tykwinski*

Organic derivatives of pentavalent iodine have found wide
application as oxidizing reagents in the synthesis of bio-
logically important complex organic molecules.'! The most
important representatives of this class of compounds, Dess—
Martin periodinane (DMP, 1) and its precursor 1-hydroxy-1,2-
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benziodoxol-3-(1H)-one-1-oxide (2a), have emerged as the
reagents of choice for the oxidation of alcohols to carbonyl
compounds and for other synthetically useful oxidative
transformations.-?l Reagent 2a is commonly referred to as
2-iodoxybenzoic acid (IBX, 2b), although the tautomeric
form 2a is the best representation of the actual structure of
this compound. This has been confirmed by X-ray crystallo-
graphic analysis, which also indicated that IBX has a
polymeric structure formed through an extended linkage of
intermolecular secondary I--O bonding interactions.®! The
polymeric structure of IBX renders it essentially insoluble in
all nonreactive media. Its low solubility and potentially
explosive nature restrict the practical application of this
reagent. Herein we report the preparation and structure of
novel derivatives of 2-iodoxybenzoic acid, namely 2-iodoxy-
benzamides 4, which are stable, soluble reagents with oxidiz-
ing properties similar to IBX and DMP. These synthetically
valuable characteristics of compounds 4 are best explained by
their pseudocyclic structure in which intramolecular secon-
dary IO bonds partially replace the intermolecular I---O
secondary bonds that give rise to the polymeric structures of
other reported iodylarenes.

The new 2-iodoxybenzamides 4a—g were prepared by
dioxirane oxidation of the readily available 2-iodobenzamides
3 (Scheme 1) and isolated in the form of stable, white,
microcrystalline solids. This procedure allows the preparation
of compounds 4 derived from numerous types of amino
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Scheme 1. Preparation of 2-iodoxybenzamides 4a-g.

compounds, such as esters of natural a-amino acids (4a, 4c,
and 4d) and non-natural amino acids (4b), f-amino acids (4e
and 4f), and (R)-1-phenylethylamine (4g). Optical rotation
measurements showed substantially greater [a], values for
the chiral products 4 relative to the respective amino acids,
and, as expected, the values for oxidants 4a and 4b, derived
from L- and D-alanine, respectively, were opposite in sign and
nearly equal in magnitude. Tt is interesting to note that the
dioxirane oxidation of ester derivatives 3a—d does not result
in the formation of cyclic benziodazoles, as has been observed
in the oxidation of 2-iodobenzamides derived from a-amino
acidsP¥ and some other precursors.>-dl

Products 4 were characterized by elemental and spectro-
scopic analysis, as well as single-crystal X-ray analysis in the
case of 4¢.%7 IR spectra of all compounds showed an N-H
absorption at about #=3300 cm™!, a carbonyl stretch at 7=
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1610-1620 cm™', and an I=0 absorption at ¥ =780-740 cm™".
The signals of the N-H protons in the 'H NMR spectra of
compounds 4 were observed as a characteristic doublet
(broad singlet for 4e) centered at about 6 =9.6 ppm. The
most characteristic signals in the *CNMR spectra of
compounds 4 were those of the carbon atom of the amide
carbonyl group at 0=165-166 ppm and C-IO, at 0=
ca. 149 ppm. All products 4 have moderate solubility in
common organic solvents, such as chloroform, dichloro-
methane, and acetonitrile.

A single crystal of 4¢ suitable for X-ray crystallographic
analysis was obtained through the slow evaporation of an
acetonitrile solution and was analyzed as the respective
solvate. The unit cell consists of four crystallographically
independent molecules that are pseudocentrosymmetrically
arranged in a tetrameric structure (Figure 1). Strong second-

Figure 1. Perspective view of the four crystallographically independent
molecules of 4¢c-CH;CN (shown in black, CH;CN removed for clarity)
and extended lattice (shown in gray). Selected distances [A] and angles
[°]: 11-O11 1.823(5), 11-012 1.807(5), 11-013 2.571(6), 11-032
2.594(5), 11-042 2.690(5), 11-C1 2.114(8); O11-11-C1 92.4(3), O12—
11-C1 98.4(3), O13-11-C1 71.0(3).

ary I--O bonding interactions between neighboring molecules
of this tetramer (e.g., 11-042 2.690(5) A, 11-032(5) 2.594 A,
shown as dashed lines) enforce this arrangement. Hydrogen
bonding (shown as dotted lines) between the amide proton of
molecules 1 and 3 and an oxygen atom of molecules 2 and 4
link adjacent tetramers together. An additional intramolec-
ular close contact of the hypervalent iodine center with the
oxygen atom of the amide group (e.g., 11-O13 2.571(6) A)
within each molecule enforces a planar geometry on the
resulting five-membered ring, a geometry that is analogous to
that observed for IBX and other benziodoxoles.?#!
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The solid-state structure suggests that the partial replace-
ment of intermolecular I---O bonds with intramolecular I---O
bonds through the introduction of an ortho substituent is
crucial for stabilization and improved solubility.»'”! Further-
more, intermolecular I---O interactions in other iodyl benzene
derivatives afford structures best described as polymeric,
which accounts for their more limited solubility in comparison
to 4c¢, with its discrete tetrameric structure. The significance
of secondary I---O bonding interactions in previously reported
iodylbenzene derivatives,®! including a 2-sulfonyl-substituted
iodylbenzene, has recently been discussed by Protasiewicz
and co-workers.[%]

Preliminary experiments demonstrate that 2-iodoxybenz-
amides show aspects of reactivity similar to both IBX and
DMP, but consistent with neither. As outlined in Table 1, a
range of alcohols were oxidized to the respective carbonyl
compounds under mild conditions. For example, the reaction
of benzyl alcohol with 4¢ gave benzaldehyde cleanly, as the
only product detected by 'H NMR spectroscopy (Table 1,
entry 1). A variety of secondary alcohols were converted into
the corresponding ketones in good yields with 4a—c (Table 1,
entries 2, 3, and 5), although reaction times varied as a
function of the reagent used. The oxidative kinetic resolution
of racemic sec-phenethyl alcohol was also investigated with
reagents 4a—c. The reaction mixture containing 0.5 equiva-
lents of the respective oxidant was analyzed by gas chroma-
tography (GC) on a chiral stationary phase. Whereas analysis
of the reactions with 4a and 4b indicated no enantiomeric
enrichment of the alcohol remaining in the product mixture
(Table 1, entries 5 and 6), in the reaction with 4¢ the alcohol
starting material was enriched to a very modest 9% ee
(Table 1, entry 7). Reagent 4b, in contrast with DMP, effected

Table 1: Reaction of IBX amides 4a—c with alcohols.®

Entry Alcohol Reagent (equiv) t[h] Yield [%)]
CH.OH

1 ©/ 4c (1.02) 2 100
OH

2 Cf 4c (1.04) 18 98

OH

3 P 4c (1.03) 18 89

OH
@2\ 4b (0.50) 24 2604

OH

5 @2\ 4b (0.50) 72 940b]
OH

6 @2\ 4a (0.51) 72 10004
OH

7 @2\ 4c (0.46) 18 96l
OH

8 C[ 4c (1.00) 48 3091

OH

[a] Reactions were carried out in CDCl; at room temperature. [b] Yield of
ketone based on oxidant. [c] Remaining alcohol is racemic, as deter-
mined by GC. [d] Remaining alcohol shows 9% ee, as determined by GC.
[e] Yield of 1,6-hexanedial.
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oxidative cleavage of cis-1,2-cyclohexanediol to give hexane-
dial in 30 % yield (Table 1, entry 8). It should be emphasized
that, according to literature data,'l iodylbenzene (PhIO,) and
other noncyclic iodylarenes do not react with alcohols in the
absence of acid catalysis. In agreement with their structural
features, the oxidizing reactivity of 2-iodoxybenzamides 4 is
closer to that of the benziodoxole-based pentavalent iodine
reagents.

In conclusion, we have reported the preparation and
structure of novel 2-iodoxybenzamides 4, which are stable and
soluble compounds with unique and synthetically valuable
oxidizing properties. X-Ray data on 4c¢ reveals a pseudo-
benziodoxole structure in which intramolecular I---O second-
ary bonds partially replace the intermolecular I---O secondary
bonds, thus disrupting the polymeric structure characteristic
of PhIO, and other previously reported iodylarenes. This
structural characteristic substantially increases the solubility
and stability of these reagents relative to other IV reagents.
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