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ABSTRACT

Under identical conditions, the 3-methyl cyclohexanone was oxidized by
periodateinthe presence of Ru(ll1). The order of thereaction with respect
to [Ru(l11)], [ketone] and [periodate] are unity, fractional and zero. The
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effect of temperature was studied and kinetic parameters were evaluated.

The probable mechanism and rate law applied.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Periodateisaclean and relatively sal ective reagent
for the oxidative cleavage of organic compounds con-
taining a-hydroxy, -oxo, amino or —carboxyl groups.
Thereisextensveliterature on thekineticsof the peri-
odic acid oxidation of glycolg*2 but thekineticsof the
periodate oxidation of amino a cohols?, dicarbonyl
compounds¥, amino acids® and cyclic ketones® has
recelved much lessattention. Oxidationwith periodate
cause denaturation of proteinsand inactivation of en-
Zymes.

In recent years, thetransition metal ionssuch as
Osmium, Ruthenium, and Palladium are used as cata-
lyst. Themechanism of cataysisdependsonthena
ture of substrates, oxidantsand other experimenta con-
ditions. Themeta ionsact ascataystsby one of these
different paths such astheformation of the complexes
withreactantsor oxidation of subgratesitsdf or through
theformation of freeradicals. Rutheniumanditschloro

compounds have greater usein homogeneous cataly-
sig®1%, However Ru(l1l) catalysed oxidation of 3-me-
thyl cyclohexanonein akaline medium hasbeen stud-
ied herewith adiscussion of mechanism.

MATERIALSAND METHODS

3-methyl cyclohexanone was of A.R. grade.
[Ru(l11)] solution was prepared by dissolving RuClin
0.20 mol dnmr® HCI and its concentration was deter-
mined. KOH and KCl wereemployed to maintainthe
required akalinity andionic strength.

An agueous ol ution contai ning cyclic ketoneand
requisite amount of base and metal ion were
thermostated of the desired temperature. To thiswas
added a known concentration of pre-equilibrated
periodate and the progress of the reaction followed by
estimating unreacted periodateiodometrically at regu-
lar timeintervals. The pH of the solution was main-
tained by KH,PO,.


mailto:sameer_renukdas@yahoo.com

142 Kinetics of oxidation of 3-methyl cyclohexanone by periodate catalysed PCAIJ, 9(4) 2014

Full Poper ===

RESULTSAND DISCUSSION asevidenced by theslope. Therateincreased within-

creasein[OH]. (TABLE 1, Figure 1). The product of

Under the conditions[l1O, ] <<<[ketone], theor-  oxidationwascarboxylicacid. Thenegligibleeffect of

derin[l1O,]and [Ru(lll)] werefoundto bezeroand ionic strength might be dueto theneutral moleculesin
onerespectively. Theorder in[ketone] wasfractional  thereaction.
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Figurel
TABLE 1: Effect of concentration of [oH"] on oxidation of Ru(l11) catalysed 3-methyl cyclohexanone
Sr.No. [OH] mol dm™ log [OH] Kops Min.* log Kops 4+log [OH] 4+log Kops
1 4.760E-03 -2.3224 0.02140 -1.670 1.6776 2.3304
2 6.800E-03 -2.1675 0.02415 -1.617 1.8325 2.3829
3 7.150E-03 -2.1457 0.02598 -1.585 1.8543 2.4146
4 7.400E-03 -2.1308 0.02735 -1.563 1.8692 2.4370
5 8.400E-03 -2.0757 0.03001 -1.523 1.9243 24773

[Substrate] = 2.4569 x 10 mol dm3, [Oxidant] = 7.40 x 10* mol dm3, [OH] =4.9x 10°mol dm=3, [Ru(I11)] = 1.23 x 10° mol dm™3, [K CI]
=2.46 x 102 mol dm', Temp.= 308 K
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[Substrate] = 2.4569 x 10° mol dm, [Oxidant] = 7.40 x 10* mol dm3, [OH] =4.9x 10°mol dm?3, [Ru(l11)] =1.23x 10°mol dm, [KCI]
=2.46 x 102 mol dm, Temp. 308.15 K.
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TABLE 2: Kineticparameters

Eak cal AH*Kcal AS* AG*k cal
mol?* mol* esu. mol™
5.98 3.5920 -57.02250 22.311000

[Substrate] = 2.4569 x 10° mol dm?, [Oxidant] = 7.40 x 10* mol
dm?s, [OH] =4.9x 10°mol dm®; [Ru(l11)] =1.23 x 10° mol dm,
[KCI] =2.46 x 102 mol dm®, Temp. 308.15 K.
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Increaseinratewithincreasein [OH] indicatesthat
both the hydroxylated species of [Ru(l1l)] and the
enolateion of the cyclic ketone arethereactive species
inthereaction (Step | in schemel).

Since[OH] >>>[Ru(lll)], it isassumed that all
[Ru(ll1)] ispresent ashydroxylated species[Ru(l11)]".
Thedow step involvestheinteraction of hydoxylated
speciesof Ru(l11) with theenolateion resultinginthe
formation of Ru(l) and intermediae(ll) probably acar-
bonium ion. Formation of aintermediate couldbeviaa
hydrideion transferred to Ru(ll1). Sincethelatter is
known to beagood hydrideion obstructer. Asthereis
very low concentration of Ru(lll) used, nokinetic evi-
dence could be obtained for the formation of Ru(l).
Theintermediate carboniumionisassumed to undergo
oxidation by periodateto yield thefinal product. The
catalyst Ru(lll) isregenerated in asubsequent step. The
ratelaw derived for theabovemechanismisgivenby -

-d [|o;1] _ k2 : k1 [cycloketone] [OH ] [Ru(l1)]
dt  1+k, [cycloketone] + k;[OH]

COOH + RuO, + 8105
COOH

O COOH - -
BUJr 8 RUCI, + 1310, + 12 H20—>8tCOOH +RuO,+8l05 + 51 + 24 HCI

SinceK (theenalisation constant) isvery lessand
henceK [ketone]+K [OH] isvery small comparedto
one and hence neglected. Theresulting ratelaw satis-
factorily explainsdl theobserved kinetic results.
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