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Rh(l11) Catalyzed Oxidation of Cyclic Alcohols by
Sodium Periodate in Acidic Medium
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Kinetics investigation on Rh(l11) catalyzed oxidation of
cyclopentanol and cyclohexanol by acidic solution of sodium
periodate (Nal O,) in the presence of mercury(ll) acetate asa
scavenger has been carried out in the temperature range of
30-45 °C.The reaction exhibits first order kinetics with
respect to substrate and catalyst whereas zero order with
respect to oxidant i.e. NalO,.The rate shows no effect with
increasing concentration of [H*]. Theinfluence of [Hg(OAc).],
ionic strength and [CI] on the rate was found to be insignifi-
cant. The effect of varing percentage of AcOH on reaction
rate was also examined. Various activation parameters have
been calculated from rate measurements and the rate law
derived on the basis of obtained data.
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INTRODUCTION

[KBrOs])*" and [Nal O4]® have been used as oxidants for various compo-
unds in acidic medium. N-bromoacetamide®*?, N-bromosuccinimide*'
have been earlier used in oxidation of various compounds in the presence
of catalyst. A little attention has been paid to sodium periodate*>*® as an
oxidant in various catalyzed reactions. The use of Rh(l11) asacatayst has been
reported by several workers. Kinetics and mechanism of Rh(l1) catalyzed
oxidation of 1,2-glycols™ and polyhydric acohols by acidic KBrO:* are
also reported. No work has been reported in literature on Rh(l11) catalyzed
oxidation of cyclic acoholsin acidic medium. This prompted us to under-
takethe present investigation on Rh(111) catalyzed oxidation of cyclopentanol
and cyclohexanol by periodate in acidic medium.

EXPERIMENTAL

An agueous solution of cyclopentanol and cyclohexanol (E. Merck),
sodium periodate (SD Fine ChemicasAR) NaClO, and Hg(OAC), (E. Merck),
were prepared by dissolving the weighed amount of samplesintriple distilled
water. Perchloric acid (60 %) of E. Merck grade was used as a source of
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hydrogen ions. RhCl; (Sigma Chemical Company) solution was prepared
in HCl of known strength (0.018 N). All other reagentswere of andytical grade.
Reaction vessel swere painted black to prevent photochemical decomposition.

Kinetics: The requisite volume of all reagents, including substrate,
werethermostated at 35 + 0.1 °C to attain equilibrium. A measured volume
of Nal O, solution maintained separately at the same temperature was rapidly
poured into the reaction vessel. Progress of the reaction was followed by
assaying aiquots of the reaction mixture for Nal O,, iodometrically using
starch as an indicator after suitable time intervals.

Stoichiometry and product analysis: The stoichiometry of the reaction
was determined by equilibrating varying ratios of [Nal O] to cyclopentanol
and cyclohexanol separately at 35 °C for 48 h under kinetic conditions.
Estimation of unconsumed Nal O, reveal ed that, one mol e of cyclopentanol
or cyclohexanol consumes two moles of periodate

H,C—CH, H,C—CH,
Oxidation ;
\CHOH +210, +2H" —4—— > \c=o +2105" + 2H,0
H2C—(CHa)n H2C—(CHz)q
Cyclic alcohol Cyclic ketone

where, n =1 and 2 for cyclopentanol and cyclohexanol respectively.

Identification of the end product formed in the above reactions i.e.,
cyclopentanone and cyclohexanone for cyclopentanol and cyclohexanol
respectively, was carried out as follows:

Took 1 mL of reaction mixture in dil. HCI, was added to 3 mL of the
2,4-dinitrophenyl hydrazine solution and shaken well. A yellowish preci-
pitate was formed which was the corresponding hydrazone according to
the following equation.

NH'NH,
NO,

HzC_CHZ\

HzC_CHZ\
C=—0 + e C=N-NH
HzC—(CH2)n HaC—(CH2)n NO,

NO; + H0

2,4-Dinitrophenyl

hydrazine
NO,

2,4-Dinitrophenyl
hydrazine derivative
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The derivatives were dried and their melting point were determined.
The melting point of 2,4-dinitrophenyl hydrazine derivatives of cyclo-
pentanone and cyclohexanone recorded 145 and 160 °C (actual melting
point being 146 and 162 °C), respectively?. The corresponding ketones
were also identified by TLC?.

RESULTSAND DISCUSSION

In order to propose a probabl e reaction mechanism for Rh(l11) catalyzed
oxidation of cyclic acohols by acidic sodium periodate it is necessary to
study the effect of variation in concentration of different reactants on the
rate of reaction. The kinetics of oxidation of cyclic alcohols was investi-
gated at severd initia reactant concentrations (Table-1). First order kinetics
was observed with respect to the catalyst and substrate in both cases. These
have also been confirmed by least square method (Fig. 2).

TABLE-1
EFFECT OF REACTANTSON THE RATE AT 35°C

[§] x 10° [Rh(in] = [10,] x 10° (-dc/dt) x 10" mol L™'s”

(M) 10° (M) (M) Cyclopent Cyclohex
0.33 11.25 1.00 0.34 0.22
0.40 11.25 1.00 0.42 0.27
0.50 11.25 1.00 0.54 0.4
0.66 11.25 1.00 0.78 0.48
1.00 11.25 1.00 1.16 0.65
2.00 525 1.00 1.32 1.33
2.00 7.25 1.00 0.62 0.95
2.00 9.75 1.00 0.85 1.33
2.00 11.25 1.00 1.24 1.75
2.00 13.25 1.00 1.35 2.01
2.00 15.00 1.00 1.67 2.40
2.00 11.25 1.00 1.82 2.68
2.00 11.25 0.83 1.42 1.75
2.00 11.25 1.00 1.32 1.33
2.00 11.25 1.25 1.54 2.00
2.00 11.25 1.67 1.66 2.40
2.00 11.25 2.50 1.48 2.57
2.00 11.25 5.00 1.56 6.00

[KCI] =1.00 x 10° (M), [HCIO,] = 1.00 x 10° (M),
[Hg(OAC),] = 1.25 x 10° (M)

A plot of (-dc/dt) vs. [Rh(I11)] (Fig. 1) givesaslope=1.26 x 10%s* for
cyclopentanol and 1.60 x 10? s* for cyclohexanol which is close to the
average value of first order rate constants i.e., ky = 1.35 x 10?2 s* for
cyclopentanol at 35°C and k; = 1.71 x 10% s* for cyclohexanol at 35°C. In
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Fig. 1. Plot between [Rh(111)] x 10° M vs. (-dc/dt) x 107 M L™ s* for oxidation
of cyclopentanol (A) and cyclohexanol (B) at 35 °C
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Fig. 2. Plot between[Rh(I11)] x 10°M vs. (a+ bx) for oxidation of cyclopentanol
(A) and cyclohexanol (B) at 35°C



Vol. 20, No. 6 (2008) Oxidation of Cyclic Alcohols by Sodium Periodate 4777

both cyclopentanol and cyclohexanol afair degree of closenessin the first
order rate constants obtained graphically and obtained values of (-dc/dt)/
[RN(111)] =k, clearly confirmsthefirst order dependence on [Rh(I11)]. Zero
order kineticswith respect to oxidant (Nal Oy) isvisualized. Aninsignificant
effect of [Cl7], [H'] and [Hg(OAC).] variation were also observed.

On the basis of above effects, we have determined the order of reactions
and proposed a mechanism which confirms to the observed kinetics.

Reaction mechanism and ratelaw derivation: The result of oxidation
of cypentanol and cyhexanol shows that the reaction follows identical
kinetics and thus appear to have a common mechanism. The following
reaction steps are suggested on the basis of the above discussion for oxidation
of cyclic alcohols by sodium periodate in the presence of rhodium(ll1)
chloride as catalyst.

3+

H,C—CH, H,C—CH
k. 2 2
Rh* + \CHOH —1> \CHOH ....... Rh
/ slow & rate
H,C—(CH2)n determining H,C—(CH2)n
step
[C4] [S] [CJl
HzC_CHz\
- +
[C2] + 10, + H,0 — [Rhwoe 0H]2+ + c=0 + 103 + H30
H2C—(CH2)n

* 4+ 10, + Hs0° —> Rh* + 10, + 2H,0

Rate = k4 [C4] [S]

Rate = kq [Rh**][S]

where [S] is substrate.

where n =1 and 2 for cyclopentanone and cyclohexanone, respectively.

Considering the above steps and applying steady state approximation
to the complex formed in step (i), the rate of reaction in terms of loss of
10, may be written as:

Gy DIE

From the present investigation, it is concluded that, Rh** as such isthe
reactive species of the catalyst in acidic medium. Table-2 depictsthat variation
inionic strength of the medium i.e., variation in perchlorate and mercuric
acetate show negligible effect on the reaction rate. The negligible effect of
mercuric acetate excludesthe possibility of itsinvolvement either asacatalyst
or as an oxidant because it does not help the reaction proceed without
iodate.
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TABLE-2
EFFECT OF VARIATION OF MERCURIC ACETATE, PERCHLORIC
ACID AND KCI ON THE REACTION RATE AT 35°C

Asian J. Chem.

[HCIO] x  [KCI] x

[Hg(OAc),] [NaClO] x (-dc/dt) x 10" mol L™s”

10°(M) 10°(M) x10°(M)  10°(M) Cyclopent Cyclohex
0.83 1.00 1.25 - 1.46 1.84
1.00 1.00 1.25 - 1.32 1.33
1.25 1.00 1.25 - 1.34 2.00
1.67 1.00 1.25 - 1.28 1.40
2.25 1.00 1.25 - 1.42 2.00
5.00 1.00 1.25 — 1.30 134
1.00 0.83 1.25 - 1.52 1.81
1.00 1.00 1.25 - 1.32 1.33
1.00 1.25 1.25 - 1.53 1.71
1.00 1.67 1.25 - 1.14 1.66
1.00 2.50 1.25 - 1.16 1.66
1.00 5.00 1.25 - 1.66 1.66
1.00 1.00 0.83 - 1.42 1.77
1.00 1.00 1.00 - 1.42 1.66
1.00 1.00 1.25 - 1.32 1.33
1.00 1.00 1.67 - 1.16 1.14
1.00 1.00 2.50 - 1.28 155
1.00 1.00 5.00 - 1.54 1.75
1.00 1.00 1.25 0.83 1.74 1.71
1.00 1.00 1.25 1.00 1.62 2.00
1.00 1.00 1.25 1.25 1.65 1.60
1.00 1.00 1.25 1.67 1.25 1.60
1.00 1.00 1.25 2.50 141 1.25
1.00 1.00 1.25 5.00 1.57 1.60

[Rh(I11)] =11.25 x 10° (M), [S] = 2.00 x 10° (M), [10,] = 1.00 x 10° (M)

TABLE-3
ACTIVATION PARAMETERS FOR ACIDIC IODATE
OXIDATION OF CYCLOPENT AND CYCLOHEX

Activation parameters Temp. (°C) Cyclopent Cyclohex
K,x10's' 30 1.00 1.01
K,x10's' 35 1.32 1.33
K,x10's’ 40 2.00 2.00
K,x10's" 45 2.70 2.70
log A - 9.32 10.32
AE* (kJmol™) —~ 47.88 53.59
AG* (kJmol™) 35 69.55 69.38
AH* (kJmol™) 35 74.71 73.14
AS* (JK*mal™) 35 -16.77 -12.22
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The kinetic results were collected at several initial concentrations of
reactants. Graphs were plotted between concentration and time to calculate
(dc/dt) values. The rate measurement were taken in the temperature range
30-45 °C and the specific rate constants were used to draw a plot of log k
vs. I/T (Fig. 3) which was linear.

0.6

0.4+

0.2 4

0 T T T T
0 0.5 1 15 2 2.5

[S1x10°M —

Fig. 3. Plot between[S] x 10% M vs. (a+ bx) for oxidation of cyclopentanol (A)
and cyclohexanol (B) at 35°C

Conclusion

The experimental results as shown reveal that the reaction rate doubles
when the concentration of catalyst is doubled. The rate law equation isin
conformity with all kinetic observations and the proposed mechanistic steps
are supported by the negligible effect of ionic strength. The high +ve value
of free energy of activation (AG*) indicates highly solvated transition state,
while -ve value of entropy of activation (AS*) suggest the formation of an
activated complex with reduction in the degree of freedom of molecule.
From the present investigation, it is concluded that 10,” is the reactive species
of periodate in acidic medium.
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