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The chromium(VI)-catalyzed oxidation of 1-indanol into 1-
indanone has been carried out with sodium percarbonate
(SPC), urea-hydrogen peroxide adduct (UHP), or aqueous
hydrogen peroxide. It has been established that the

superiority of SPC over UHP and aqueous H,0, is due both
to its nonhydrated structure and its basic properties. This
classifies SPC as a “dry basic carrier of H,O,”.

Introduction

Oxidation reactions are important transformations in or-
ganic synthesis™*l. Economic and environmental constraints
are strong incentives for replacing stoichiometric pro-
cedures by catalytic ones with inexpensive oxygen sources.
Over the last twelve years, our group has been intensively
involved in chromium(VI)-catalyzed oxidations with tert-
butyl hydroperoxide (TBHP)?. Although TBHP is readily
available, it would be more advantageous to use hydrogen
peroxide rather than TBHP, because it is cheaper and the
by-product is merely water instead of tert-butanol.

The chromium(VI)-catalyzed oxidation of the benzylic
methylene group of alkylarenes by TBHP is not greatly in-
fluenced by the water content of the oxygen source since
fair conversions and yields have been obtained with aque-
ous and anhydrous solutions of TBHPEL In contrast, the
replacement of commercial aqueous 70% TBHP by com-
mercial aqueous 30% H,0,BPIEAEd js strongly detrimental
to the efficiency of the reaction. Switching from aqueous
30% H,0, to commercial anhydrous hydrogen peroxide-ad-
ducts such as urea-hydrogen peroxide (H,NCONH,-
H,0, = UHP)BAIMIE or in particular sodium percarbonate
(Na,COj3 1.5 H,0, = SPC)®l improves the transformation.
We have also remarked that the yields of the chromium(V1)-
catalyzed oxidations of alcohols by anhydrous TBHPET,
aqueous 70% TBHP, or SPCI! are often similarf®l. These
observations are of great value since SPC is produced on a
large scale at low price, for use mainly in the detergent in-
dustry as a bleaching or antiseptic agent™®. SPC is begin-
ning to emerge as an effective reagent in organic synthesis
but, heretofore, it has rarely been employed in the presence
of metal catalysts[t12,

We now report that SPC also gives better results than
aqueous H,0, and UHP in the chromium(VI)-catalyzed
oxidation of alcohols. Results obtained under selected con-
ditions (Eg. 1, Table 1) led us to determine the factors
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which play a role in the relative efficiencies of these three
sources of hydrogen peroxide. The model reaction was the
oxidation of 1-indanol (1) into 1-indanone (2) with 1,2-
dichloroethane as solvent and a mixture of pyridinium
dichromate (PDC)[*3 and Adogen 46414 as catalyst. The
main role of Adogen 464 is to interact with PDC to form a
chromium complex which is soluble in 1,2-dichloro-
ethane[*°],

PDC (0.1 equiv.)
OH Adogen 464 (0.2 equiv.) o)
Oxygen source (6 equiv. of HyO;)
Additive
—_— (¢))
1,2-dichloroethane, 80°C, 24 h

Results and Discussion

The experimental conditions used as reference were those
previously documented: 4 equiv. of SPC and catalytic
amounts of both PDC and Adogen 464 in 1,2-dichloro-
ethane at reflux for 24 h (Table 1, run 1)1, To obtain valid
comparisons, the same quantity of hydrogen peroxide was
used in all runs; owing to the formula of SPC, that implied
6 equiv. of aqueous H,0, or UHP.

Replacing SPC by aqueous H,0, led to a dramatic de-
crease in the conversion of 1 and to a lower selectivity for
2 (run 2). Therefore, to aqueous H,O, we added a quantity
of sodium carbonate identical to the one contained above
in SPC; this improved the results (run 3) but they remained
inferior to those obtained with anhydrous SPC. When a
guantity of H,O equivalent to (run 4) or slightly more than
(run 5) the water content of aqueous H,O, was added to
SPC, the efficiency of the oxidation was similar to that ob-
tained with aqueous H,0,/Na,COs; (run 3). From these re-
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Table 1. PDC-catalyzed oxidation of indan-1-ol to indan-1-one by various forms of hydrogen peroxidel®
Runs Oxygen source Additive Conversion Isolated Selectlwty
(mmol) (mmol) % yield% %l®!
1 SPC (4) 0) 86 84 98
2 Aqueous 35% H,0, (6) 0) 49 40 82
3 Aqueous 35% H,0, (6) Na,CO; (4) 58 50 86
4 SPC (4) H,O (21) 65 60 92
5 SPC (4) H,0 (29) 56 46 82
6 UHP (6) 0) 65 64 98
7 UHP (6) Na,CO; (4) 87 83 96
8 UHP (6) H,O (21) 53 45 85
9 UHP (6) Na,CO; (4)
+ H,0 (21) 51 47 91
10 UHP (6) Na,SO, (4) 47 40 85
11 UHP (6) MgSO, (4) 34 31 91
12 UHP (6) CaCl, (4) 38 25 66
13 UHP (6) Na,COs (1) 25 24 96

@l Conditions: 1-indanol (1 mmol), PDC (0.1 mmol), Adogn]n 464 (0.2 mmol), free or associated H,O, (6 mmol), additive (0—29 mmol),

1,2-dichloroethane (10 ml), 80°C, 24 h, air atmosphere. —

sults, it appears that the presence of sodium carbonate is
beneficial to the process while that of water is prejudicial.

The detrimental role of water in the present process[®l
could be attributed to its competition with H,O, and/or 1
in coordination to the active chromium species*”). As for
sodium carbonate, it could either act as a desiccant of the
mixture® or through its basic properties.

To obtain more accurate conclusions, the oxidation of 1
was next carried out with UHP. A clean oxidation was thus
observed but the conversion was only 65% (run 6). This
latter increased to 87% when Na,CO; was used as additive
(run 7); the results were therefore similar to those obtained
with commercial SPC (run 1). As anticipated, the addition
of water to UHP led to less effective experimental con-
ditions (runs 8 and 9); conversions and yields were on the
same order as those afforded by aqueous H,O, (runs 2 and
3). These observations are in agreement with the above hy-
pothesis regarding the role of water. Moreover, they show
that the urea contained in UHP has no effect on the course
of the process.

A by-product common to the oxidations with the differ-
ent sources of hydrogen peroxide is water which could be
removed from the organic phase by combining with
Na,CO;8l. Since the oxidation reaction is carried out at
80°C, we presumed that the hydrated form of Na,CO;
would be rather unstable at this temperature8l, So, this salt
was exchanged for stronger drying agents such as Na,SQ,,
MgSO,, and CaCl, ™8 (runs 10 to 12). In their presence, the
oxidation with UHP was, however, less effective than with
Na,CO; (run 7) and even than in their absence (run 6).

Scheme 1
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Selectivity represents the yield based on the amount of substrate consumed.

From the latter experiments, it appears that the role of
Na,CO; is more likely due to its basic properties. Literature
reports 119112011211 [22][23] gyggest that these can interfere in
the oxidation mixture at various stages as described below.

The decomposition of H,O, was known to be i) catalyzed
by traces of many transition metals, and ii) extremely slow
in agueous alkaline media*®. It was of interest to note that
in alkaline solutions, a slow catalytic decomposition has
been reported even for chromium(VI1)/H,0, mixtures°,
Therefore, the H,O, content of the crude mixtures obtained
from runs 1 and 2 was determined by iodometry; that gave
0.12 mmol of H,0, for the former and 0.03 mmol of H,0,
for the latter. From these slight differences, it appears that
the large drop in the conversion in the absence of a basic
medium is not mainly due to the unproductive destruction
of H,0, leading to a failure of the oxidant.

Mono-, di-, tri-, and tetraperoxochromium complexes
have been characterized from the reaction of chromium(VI)
oxides and H,0, R4 some oxodiperoxochromium(VI)
compounds have been used for various stoichiometric oxi-
dations including those of alcohols?®l. This led us to envis-
age peroxochromium species such as A as intermediates in
the reactions of the present report (Scheme 1); their forma-
tion could be facilitated by the generation of HOO~ from
H,0,MUR jn the presence of base. The addition of SPC to
the dark-orange colored PDC/Adogen 464 solution im-
mediately produced a red-brown colored mixture, indicating
the formation of tetraperoxochromium species®8l, On the
addition of aqueous H,O, instead of SPC, the color change
was also instantaneous but led to a deep-blue solution indi-
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cating the formation of a different peroxo species. These
differences are in agreement with literature data, since it has
been shown that the nature and the stability of the peroxo-
chromium species formed from oxochromium and H,O, de-
pends strongly on the pHRARAR |t has also been sug-
gested that the catalytic activity of peroxochromium species
in the decomposition of H,O, depends highly on the num-
ber of peroxo groups coordinated to chromium: inactive
with two or four groups, active with one or three groups?°.
Nevertheless, this does not imply that the same pattern of
reactivity would be necessarily followed for peroxochrom-
ium-catalyzed oxidations with H,O,. In fact, a literature
survey led us to find only one such report regarding a cata-
Iytic reaction: the allylic oxidation of cyclohexene by H,O,
with an oxodiperoxochromium(VI) compound as starting
catalyst, albeit with a low turnover number?5d29 The
intereactions of chromium with H,O, are exceptionally
complicated2011221124bl: even if a complex is well charac-
terized, it is not necessarily the real catalyst[?l,

In addition, Na,CO; could enhance the nucleophilicity
of the alcohol and even possibly give the corresponding so-
dium alkoxide as assumed for some metal-catalyzed oxi-
dations[?3a23c1 - This would promote the formation of
hydroperoxochromium alkoxide B (Scheme 1, path b).

The base could also mediate the termination of the cata-
Iytic cycle (path c) in abstracting the hydrogen geminal to
the chromiumalkoxy group of B as postulated for a similar
molybdenum catalyst[23®],

According to the mechanism depicted in Scheme 1 and
the above remarks, a catalytic amount of base could be suf-
ficient. Relative to run 7, a reaction carried out with UHP
and a lower quantity of Na,CO3 however afforded inferior
results (run 13).

From these studies, it appears that the base could play
several roles. On the whole, its presence serves to increase
the efficiency of the reaction without leading to significant
amounts of side-products.

Conclusion

The superiority of SPC over both aqueous H,O, and
UHP for the chromium(V1)-catalyzed oxidation of alcohols
is due to both its non-hydrated structure and its basic
properties. Consequently, SPC which has already been con-
sidered as a “solid form” % or a “portable form” BB of
H,0, is indeed rather best looked at as a “dry basic carrier
of H202".

Aqueous H,0, has been used for more than half a cen-
turyaB2 for various oxidations catalyzed not only by
chromium oxides but also by a number of other transition-
metal salts and complexes3l. The efficiency of some pro-
cedures is limited by the large amount of water introduced.
Therefore, the potential scope of SPC — an inexpensive
bulk chemical — could be wide.

We are grateful to N. Delaval for some contribution to these stud-
ies and to Dr. G. Bird (Zeneca Pharma, Reims) for help with the
text of the manuscript.
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Experimental Section

Reagents and substrate are commercially available and were used
as received. — Home-made plates (silica gel 60 PF,s54 ; 356 from
Merck) were used for preparative thin-layer chromatography.

WARNING: Hydroperoxides present an explosion hazard in the
presence of transition-metal salts or when concentrated or
heated®134, Safety precautions have to be followed especially in
large-scale reactions. So, a reductive workup B4 has to be carried
out to remove residual peroxides.

General Oxidation Procedure: Into a 25-ml round-bottomed flask
were placed sequentially PDC (38 mg, 0.1 mmol), Adogen 464 (81
mg, A 0.2 mmol), 1,2-dichloroethane (10 ml), oxidant (SPC: 628
mg, 4 mmol, aqueous 35% H,O,: 583 mg, 6 mmol or UHP: 564
mg, 6 mmol), additives (0—29 mmol, see Table 1), and 1-indanol
(134 mg, 1 mmol). The mixture was stirred and refluxed under an
air atmosphere for 24 h. After cooling to room temperature, the
slurry was filtered. The filtrate was evaporated to dryness at room
temperature under reduced pressure. Unreacted 1-indanol and 1-
indanone were isolated by preparative thin-layer chromatography
of the residue, eluting with EtOAc/petroleum ether (10:90).

Remark: To obtain reproducible results, it is necessary to wait for
the complete dissolution of PDC (formation of a soluble chromium
complex by exchange of the ammonium groups between PDC and
Adogen 464)% before carrying out the subsequent additions.

lodometric Titration: Water (5 ml) was added to the crude mix-
ture. After stirring for 5 min, the aqueous phase was recovered. Its
iodometric titration was carried out as described in ref.[3%,

* Dedicated to Prof. E. J. Corey on the occasion of his 70th birth-
day.
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