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Introduction

Hydrogen peroxide (H,0,) is a strong oxidizing agent and
a weak acid in aqueous solution. It is a very pale blue lig-
uid which appears colorless in dilute solution and is com-
pletely miscible with water. Hydrogen peroxide and its
highly concentrated aqueous solutions (>65%) are soluble
in a range of organic solvents, for example carboxylic es-
ters. It decomposes in a violent reaction into water and ox-
ygen if heated above 80 °C. It also decomposes under the
influence of light and in the presence of metal ions or ox-
idizable organic materials. Hydrogen peroxide is com-
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mercially available in concentrations of 3-90% as a
solution in water.

Hydrogen peroxide and water do not form azeotropic mix-
tures and can be completely separated by distillation. By
fractional crystallization of highly concentrated solutions
100% pure hydrogen peroxide can be obtained. Pure hy-
drogen peroxide is usually only of academic interest and
is not produced on industrial scale.

Hydrogen peroxide is manufactured by the autoxidation
of 2-ethyl-9,10-dihydroxyanthracene to 2-ethylan-
thraquinone and hydrogen peroxide using oxygen from
the air.!

(A) Hydrogen peroxide is a versatile reagent for the oxidation of sul-
fides to sulfoxides. Racemic and chiral sulfoxides can be obtained.
Zhu and co-workers have reported the asymmetric oxidation of sul-
fides as well as the kinetic resolution of sulfoxides with hydrogen
peroxide in air by a salan—vanadium catalyst; this method provides
an efficient procedure for the preparation of chiral sulfoxides in good
chemical yields and excellent enantiomeric purities.”

Ligand:
H205 (1.5 equiv)

s VO(acac)y (2 mol%) N\ «© NH  HN
R1/ \R2 R — /S\
ligand (3 mol%) R! R?
CHClg, 16-20 h OH HO

62-86% 51-95% ee

(B) Hydrogen peroxide has been extensively used for the transforma-
tion of alkenes into alcohols. The hydroboration—oxidation sequence
constitutes a powerful method for the regio- and stereoselective syn-
thesis of alcohols; usually the OH group binds to the less-substituted
carbon atom (anti-Markovnikoff product).’ Besides, Knochel and
co-workers used diphosphines as ligands in the rhodium-catalyzed
asymmetric hydroboration of styrene derivatives. The Markovnikoff
product was obtained in good yield and good enantiomeric excess.>

SYNLETT 2008, No. 7, pp 1101-1102

Advanced online publication: 28.03.2008

DOI: 10.1055/5-2008-1066990; Art ID: V24107ST
© Georg Thieme Verlag Stuttgart - New York

OH

o

92% ee, 85%

1. [Rh(cod),]BF4 (1 mol%)
ligand (1.2 mol%), DME

0
(:[ "BH
o

2.3 M KOH, Hy0,

o

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



1102

SPOTLIGHT

(C) Syn-dihydroxylation of alkenes is carried out with hydrogen per-
oxide in the presence of catalytic osmium tetroxide.* A clean and
safe method under organic-solvent and metal-free conditions was
also reported.’ Another way to afford 1,2-diols is a rhodium-cata-
lyzed syn-addition of bis(catecholato)diboron and subsequent oxida-
tion with hydrogen peroxide.’

flavin: H
30% aq H20, (1.5 equiv)
TEAA (2 equiv)

|
o N_ _N__0O
- G
R! N ~
(DHQD),PHAL (6 mol%)
: OH ) 0

0s04 (2 mol%)

flavin (5 mol%)

(D) Hydrogen peroxide can be used as oxidizing agent in Baeyer—
Villiger oxidation to transform ketones into esters or cyclic ketones
into lactones. The asymmetric version of this reaction has also been
reported using platinum(Il) complexes’ or a novel planar-chiral
bisflavin® as catalysts. An unexpected rearrangement of the initially
formed ring-expanded lactone was observed and used in the total
synthesis of farnesiferol.’

TFAA/H,0,
(4 equiv)

CHCly, 0 °C, 30 min
thenr.t., 3h

(E) Hydrogen peroxide provides an efficient conversion of alkenes
into the respective epoxides. This epoxidation gives the product in
good to excellent yields. A range of substrates such as o,-unsaturat-
ed carbonyl compounds or functionalized olefins has been used.
Metallic'® or organic!! catalysts can be used; it is also possible to car-
ry out the epoxidation in an enantioselective manner.

R' R!

R H»0, -
RZ ™
catalyst R

R* solvent R4

(F) The oxidative work-up with hydrogen peroxide after ozonolysis
gives carboxylic acids or ketones. Hodgson et al. have successfully
used this reaction to complete the stereoselective synthesis of cis-
nemorensic acid and 4-hydroxy-cis-nemorensic acid.'?

0,/03, CHCl,, =78 °C, 5 min
N\ ¢} 35% H0, (12 equiv)
88% HCOOH (46 equiv)
100 ° i

C, 30 min COOH

(G) Gopinath and Patel'? reported a new catalytic oxidative esterifi-
cation of aldehydes. This method has advantages over previous
methods with respect to the use of environmentally benign catalyst
and reagent, cost-effectiveness, high efficiency, mild reaction condi-
tions, shorter reaction times, and facile isolation of the desired prod-
ucts.

X P + R—OH T

7N H H,0,, V505 cat. “ S od

X = Me, OMe, NO»
OH, OBn, Cl, Br, etc.

(H) Direct ketohydroxylation can be achieved when olefins are treat-
ed with hydrogen peroxide in chloroform containing a catalytic
amount of 12-tungstophosphoric acid (WPA, 10%) combined with
cetylpyridiniumchloride (CPC, 30%) as phase-transfer catalyst at
60 °C. Various a-hydroxyketones can be obtained in good yields and
high regioselectivities.'*

WPA (10 mol%) o

CPC (30 mol%) R2
1
30% H0, (10 equiv) R

CHCl3, 60% OH

R2

RY X
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