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Abstract—(Diacetoxyiodo)benzene (DIB) selectively oxidizes primary and secondary alcohols to the respective carbonyl compounds
in the presence of RuCl; (0.8-1.0 mol %) at room temperature in aqueous acetonitrile. This reaction proceeds via an initial instan-
taneous Ru-catalyzed disproportionation of DIB to iodobenzene and iodylbenzene with the latter acting as the actual stoichiometric

oxidant toward alcohols.
© 2006 Elsevier Ltd. All rights reserved.

During the past decade hypervalent iodine compounds
have attracted a significant interest as mild, selective and
environmentally benign reagents in synthetic organic
chemistry.! It has also been found that transition metals
have a dramatic catalytic effect on some oxidations
with hypervalent iodine reagents.!™ In particular,
iodosylbenzene is widely used as an oxidant in the tran-
sition metal catalyzed epoxidation of alkenes and
hydroxylation of hydrocarbons.! Likewise, (diacetoxy-
iodo)arenes are efficient oxidizers in the Pd(OAc),-cata-
lyzed selective acetoxylations of arene and alkene C-H
bonds.? The catalytic effect of transition metals on the
synthetically important reaction of oxidation of alcohols
by hypervalent iodine reagents has been less investi-
gated.>* It has been demonstrated that benzylic and
allylic alcohols can be oxidized by iodosylbenzene to
the corresponding carbonyl compounds in the presence
of (salen)Cr(III) complex (15 mol %) and 4-phenylpyri-
dine N-oxide (30 mol %).> Mueller and Godoy reported
in 1981 that several complexes of ruthenium can cata-
lyze the oxidation of alcohols to carbonyl compounds
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and carboxylic acids using excess iodosylbenzene as
the oxidizer in dichloromethane solution at room tem-
perature.* In the present letter we want to report a sim-
ple and highly efficient RuCl;-catalyzed selective
oxidation of alcohols to carbonyl compounds by
(diacetoxyiodo)benzene (DIB). We have also received
experimental evidence that this reaction proceeds via
an initial instantancous Ru-catalyzed disproportion-
ation of DIB to iodobenzene and iodylbenzene with
the latter acting as the actual stoichiometric oxidant
toward alcohols.

We have found that the addition of RuCl; (0.8-1.0
mol %) to the solution of equimolar amounts of (diacet-
oxyiodo)benzene and an alcohol at room temperature in
aqueous acetonitrile results in an instantaneous interac-
tion with the formation of a precipitate which then
slowly completely dissolves after stirring for 0.5-24 h
(reaction time varies for specific alcohols). NMR spectra
of the reaction mixtures indicated in each case an almost
quantitative conversion of alcohol to the respective carb-
onyl compound. The aldehydes and ketones (2) formed
from the oxidation of each alcohol (1) were further con-
verted to the 2,4-dinitrophenylhydrazone derivatives (3)
and identified by comparison of their melting points
with the ones reported in the literature data (Scheme
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1).> The preparative yields and melting points of
2,4-dinitrophenylhydrazones 3 obtained from alcohols
1 are summarized in Table 1.

To clarify the nature of the actual oxidizing species in
this reaction, we have isolated and identified the micro-
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crystalline precipitate that forms immediately after addi-
tion of RuCl; to the solution of (diacetoxyiodo)benzene
and an alcohol in aqueous acetonitrile. Based on the
NMR data and melting point (229 °C, expl), this initial
product was identified as iodylbenzene, PhI1O,. Further
investigation has revealed that alcohol (1) is not

,4-(NOy),CgHaNHNH, R
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Scheme 1.
Table 1. RuCls-catalyzed oxidation of alcohols to carbonyl compounds by (diacetoxyiodo)benzene
Entry Alcohol 1 Time (h) Yield of 3* (%) Mp of 3 (lit. mp) (°C) Ref.
1 (+)-Menthol 2.0 92 146-148 (145) 6
2 3-Phenyl-1-propanol 0.5 94 156-157 (152-153) 7
3 1-Octanol 1.5 71 100-102 (100-101.5) 7
OH
4 = | 1.5 96 256-258 (256.5-257.5) 8
N
5 PhCH,OH 1.0 95 241-242 (239-240) 9
6 W/\)\AOH 1.5 79° 0il -
7 OOH 1.5 90 147-148 (146-147) 10
8 @OH 2.5 93 157-159 (157-162) 7
= OH
9 - | 5.0 73 259-261 (258.5-259.5) 11
N
OH
10 E\>—/ 1.5 88 239-241 (242) 12
S
OH
11 0.5 82 256-257 (258-259) 7
MeO
= OH
| a
12 XX 9.3 70 292-293 (293-294) 9
NO,
13 j@\OH 6.0 37° 146-148 (148-150) 13
14 ;%\ 24 624 168-170 (164-166) 14
OH

#Tsolated yields of 2,4-dinitrophenylhydrazones.

®Yield of aldehyde (2) measured by GC.

© Aldehyde was identified by MS (M" = 140.12).

4 About 20% of unreacted alcohol present according to 'H NMR.
¢ Formation of black tar was observed in this reaction.
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RuCl3 (0.4 mol %), rt

2PhI(OAC), + 4H,0

PhlO, + Phl + 4AcOH

MeCN/H,0 (5:1)

h

Scheme 2.
(i) PhlO, (0.5 equiv), RuCls (1 mol %)
PhCH,OH MeCN/H,0 (5:1), rt
(if) 2,4-(NO,),CgH3NHNH,, H,SO,4
Scheme 3.

involved in the initial step of this reaction. The addition
of a catalytic RuCl; (0.4 mol %) to a solution of (diacet-
oxyiodo)benzene in aqueous acetonitrile at room tem-
perature results in an instantaneous quantitative
disproportionation of DIB to a 1:1 mixture of iodobenz-
ene and iodylbenzene according to NMR data (Scheme
2). This unique and highly efficient disproportionation
can be conveniently performed in a preparatory scale
affordlisng analytically pure PhIO» in a moderate isolated
yield.

When this reaction is performed in the presence of an
alcohol, the initially formed iodylbenzene further acts
as the stoichiometric oxidant slowly converting alcohol
to the carbonyl compound. In a special experiment, ben-
zyl alcohol was oxidized with PhIO, (0.5 equiv) in the
presence of RuCl; (1 mol %) under conditions identical
to the reaction of (diacetoxyiodo)benzene (Table 1,
entry 5). The reaction (Scheme 3) was complete in
40 min affording the expected 2,4-dinitrophenylhydr-
azone 4 in a 92% isolated yield.'® This example (Scheme
3) illustrates that PhIO, can serve as an efficient oxidizer
in the Ru-catalyzed oxidations of alcohols. In practical
use, however, the readily available and safe (diacetoxy-
iodo)benzene is a more convenient oxidizer compared
to the explosive and unavailable from commercial
sources iodylbenzene.

It is known from the literature that RuCl; as well as
other ruthenium salts and complexes can catalyze the
oxidation of alcohols with various stoichiometric oxi-
dants.!” For example, the H>O,—RuCl; system can
non-selectively oxidize alcohols to carbonyl compounds
and carboxylic acids at 80 °C.'® It has been proposed in
particular that the oxo ruthenium complexes of a lower
oxidation state are involved as the active intermediates
in these catalytic cycles.!® We assume that the similar
intermediate oxo ruthenium complexes are responsible
for the oxygen transfer steps in the mechanisms of dis-
proportionation of iodine(III) species and oxidation of
alcohols.

In conclusion, we have found a simple and highly effi-
cient procedure of RuCls-catalyzed selective oxidation
of alcohols to carbonyl compounds using (diacetoxy-
iodo)benzene. We have also received experimental
evidence that this reaction proceeds via an initial instan-
taneous Ru-catalyzed disproportionation of (diacetoxy-
iodo)benzene to iodobenzene and iodylbenzene with the

P
2,4-(NO,),CgHaNHN=(
H

4 (92%)

latter acting as the actual stoichiometric oxidant toward
alcohols.
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