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Abstract - Clay-supported tetrabutylammonium periodate is found to oxidise efficiently benzylic
alcohols to the corresponding aldehydes without overoxidation to acids. It also oxidises aryl sulfides
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INTRODUCTION

Supported reagents? based on inorganic materials have been widely employed in organic syntheses.

conditions and reusability are a few advantages of using these supported reagents. T
“environmentally friendly” as their use leads to minimal pollution and waste. Solid oxidants based on silica,
alumina and other porous materials are an important class of supported reagents™ used for the
chemoselective oxidation of organic substrates. Solid acids, used as more environmentally acceptable
replacements for conventional Bronsted and Lewis acids, have also gained attention in recent years and K10-
»en the sui port of choice

Clay-supported potassium permanganate® (for the selective oxidation of allylic alcohols into o, B-
unsaturated ketones without affecting the double bond), thallium (III) nitrate supported on KI10-

montmorillonite’” {f r effective oxidative rearrangement of a
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anhydrous iron(III) nitrate supported on K10- montmorilionite (clayfen,'® for the oxidation of alcohols to the
corresponding  aldehydes), clay-supported copper(Il) nitrate (claycop,'’ for aromatization of 1,4-

ternative'>

dihydropyridines) and clay-supported zinc chloride (clayzic, as an environmentally fr " to

iendly al

the hazardous aluminium chloride in Friedel-Crafts reactions) are a few common clay-based reagents.
Oxidation of sulfides with oxone in dichloromethane in the presence of wet-montmorillonite or kaoline

clays,””"" alcohol oxidation with in sifu generated m

montmorillonite K10-supported ferric nitrate'® and

oxidation of cyclohexanones using magnesium monoperoxyphthalate'® in the presence of bentonite clays have

also been reported. There are also other examples of clay based oxidants’®”” employed recently. In many

cases, a deeper understanding of the clay-oxidant interaction and the mechanism is desirable.
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In recent years, much attention has been paid to the use of quaternary ammonium salts for a wide
range of reactions™* in homogeneous phase in non-aqueous solvents. The solubility of quaternary ammonium
salts in several solvents provides advantages in terms of high reaction rates, low reaction temperatures and
absence of side reactions. However, some of them need catalysts for activation. For example,
tetrabutylammonium periodate (TBAPI) alone is not able to transform hydroxyl groups to the corresponding
carbonyl compounds in aprotic solvents. However in the presence of a Lewis acid (AICl; or BF;-Et;0) as
catalyst,” TBAPI is able to oxidise alcohols to the carbonyl compounds, thiols to disulfides, thioethers
to sulfoxides in CHCl; and CH3CN as solvents. This prompted us to prepare clay-supported TBAPI and to
study the oxidation of alcohols and sulfides. The emphasis will be on simplicity of the method, selectivity with

regard to overoxidation, efficiency and mildness of conditions.
RESULTS AND DISCUSSION

The data presented in Table 1 amply demonstrate the efficiency of clay-supported TBAPI towards the

e corresnondine carbonvl comnounds in good vield. Substituted benzvl
= carponyl compounds 1

~oxidation enzylic alcoh: he corresponding carbonyl compounds in good yield. Substitut benzyl
alcohols react less efficiently and a poor correlation between availability of electron density and reactivity is
observed. With a para-nitro group there is'no oxidation at all. Similarly, bulkier alcohols like plperonyl alcohol

and adamantanol do not react. However, bulkier alcohols which have a planar geometry and are able to retain it
in the transition state undergo efficient oxidation. This observation prompted us to propose that the presence of
a hydroxyl group in the substrate leads to partial swelling of the clay interlayer, between which the substrate

penetrates and is oxidised by the active form of the oxidant (Figure 1).
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eaction is
demonstrating the versatility of the oxidant. Both the Bronsted and Lewis acidic sites of clay are involved in

the generation of active species of periodate,* which may be either 104 or HsIOs depending on the interlayer

ruled out since it contains electron-deficient iodine which may still be attracted towards the interlayer.



Table 1. Oxidation of alcohols to carbonyl compounds® with clay supported TBAPI

reaction  Yield reaction Yield
substrate time (%) substrate time (%)
(hours) (hours)
Benzyi aicohoi 1.5 98  Adamanianoi 4.0 0
4-Methoxybenzyl alcohol 3.0 61  Diphenylmethanol 3.0 70
4-Methoxybenzyl alcohol 4.0 92  Diphenylmethanol 4.0 o8
2-Methoxybenzyl alcohol 3.0 62  Hydroquinol 40 70
2-Methoxybenzyl alcohol 4.0 93  Benzoin® 50 99
N,N-dimethyl-4-benzyl alcohol 4.0 70  Cyclohexanol® 4.0 70
3-Nitrobenzyl alcohol 40 0  Benzyl alcohol® 4.0 10
1-Naphthalenemethanol 3.0 57  4-Methoxybenzyl alcohol® 4.0 5
1-Naphthalenemethanol 4.0 89  2-Methoxybenzyl alcohol® 40 4
2-Naphthalenemethanol 4.0 87 Diphenylmethanol® 40 2
Piperonyl alcohol 4.0 0
*0.115 mmol alcohol, 2 ml isooctane and 100 mg clay - supported TBAPI (0.115 mmol) were stirred
under reflux conditions. °In an oil bath at 120 °C. °In he absence of clay.
The mildness of the reagent has been shown by the facile oxidation of sulfides to sulfoxides in water

The reaction, however, is inefficient in isooctane and chioroform. Absence of significant swelling of the clay
interlayer in these solvents may be responsible for this. However, when placed in water, the layers swell apart
resulting in substrate followed by oxidation. It is interesting to note that the
suifides to suifoxides is much more efficient and faster (Tabie Z) when compared to the corresponding
oxidation by periodate,’’ and a TBAPI /AICI, trxixture.29 It is also considerably faster than the oxidation
with alumina-supported sodium metaperiodate.>” It is likely that the intercalation of the quaternary ammonium
group in ciay leaves the periodate ion more free for attack on suifides. The resuits of oxidation of various
sulfides to sulfoxides are presented in the Table 2.

The advantages of this oxidant are manifold. It does not require the polar medium and protic acid

catalysis needed for periodate oxidation which puts severe restrictions on its use with acid-sensitive and easily
hydrolysable molecules. TBAPI alone is not able to transform hydroxyl groups to the corresponding carbonyl
compounds in aprotic solvents. However, in the presence of K10-montmorillonite clay, TBAPI can act asa

strong oxidising agent. Though oxi
polar solvents, the clay-TBAPI composite is superior due to a much simpler work-up. A hydrocarbon

solvent is sufficient for the oxidation of alcohol. It is significant to note that the oxidation proceeds with equal
a:,..,.__,... te tle mracaman Y IO DR S
HICICIICY 11 HC P1EXCIILT Ul Ui y jiet

Thus the present work amply demonstrates the multifunctional nature of clays: as an efficient catalyst
(activating TBAPI by generating the active species of periodate utilising the Bronsted and Lewis acidic sites)
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cleaner oxidant than conventional reagents.

Table 2. Oxidation of sulfides to the corresponding sulfoxides® with clay-supported TBAPI

Substrate Reaction time Yield Substrate Reaction time  Yield
(minutes) (%) (minutes) (%)
PhSMe 15 98 4-MeOC¢HiSMe 15 94
PhSCH,CH; 15 98 4-HOOCC H,;SMe 15 79
PhSCH(CH), 15 95 4-MeCsH,SMe" 15 52
PhSC:H, 15 96 4-MeOCsH,SMe" 15 51
PhSC.Hs 15 89 PhSMe® 240 70
4-MeC¢H,SMe 15 85 PhSMe* 300 88

*0.115 mmol sulphide, 1.5 ml water and 100 mg clay - supported TBAPI (0.115 mmol) were mixed and stirred

under reflux condition for 15 minutes” Absence of clay. * TBAPI / AICl; mixture in refluxing
acetonitrile.?” ¢ Alumina-supported sodium metaperiodate. >

EXPERIMENTAL

TBAPI**® is prepared easily from an aqueous solution of sodit
tetrabutylammonium bromide in quantitative yield at room temperature. This oxidising agent is a white, stabie
solid which can be stored in darkness for several days without losing its activity. Substituted benzyl alcohols

34 . -
were prepared” from the sodium borohydride reduction of the corresponding aldehydes. Other
<
7

alcohols are commercially available and are used after purification. Sulfides® were prepared by

standard procedures.

Preparation of clay-supported tetrabutylammenium periodate

To 1 g of tetrabutylammonium periodate dissolved in 10 ml of acetone, 1 g of K10-montmorillonite
was added slowly with stirring for 1h. Acetone was removed by rotary evaporation. The supported reagent
was collected as a free flowing powder and stored in a black coloured bottle. It is found to be stable and

retains its white colour for a long time.

Oxidation of benzyl alcohels with clay-supported TBAPI in isooctane

In a round-bottomed flask (25 ml), equipped with a condenser and a magnetic stirrer, a solution
of alcohol (0.115 mmol) in isooctane (2 ml) was prepared. Clay-supported TBAPI (100 mg) was added to
the solution and the reaction mixture was stirred under reflux conditions for 4h. The reaction mixture
was then extracted thrice (3x10 ml) with ether . The ether solution was treated with sodium thiosulphate

(20%, 10 ml). The aqueous layer was separated and the ethereal solution was washed with water. The organic
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layer was dried over anhydrous Na,SO, and the ether was evaporated. The residue was dissolved in methanol
and analysed by HPLC. Oxidised products®® were identified by comparing with authentic samples and also by
their characteristic vc— in IR.

Oxidation of sulfides with clay-supported TBAPI in water

In a round-bottomed flask (25 ml), equipped with a condenser and a magnetic stirrer were placed
0.115 mmol sulfide in dichloromethane (2 mi) and 1.5 ml water. Clay-supported TBAPI (100 mg) was added
to the solution and the reaction mixture was stirred under reflux conditions for 15 minutes. The reaction
mixture was then extracted thrice (3x10 ml) with ether. The ether solution was treated with sodium
thiosulphate (20%,10 ml) in order to reduce the liberated iodine. The aqueous layer was separated and the
ether solution was washed with water. The organic layer was dried over anhydrous Na,SO, and ether was
evaporated. The residue was dissolved in methanol and analysed by HPLC. Oxidised products were identified

by coinjection with authentic samples prepared by known methods.*
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