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Kinetics of Ru(IIT) Catalysed Oxidation of Cyclohexanol
by Bromamine-T in Hydrochloric Acid
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Arah-802 301, India

The kinetics of Ru(III) catalysed oxidation of cyclohexanol
by acidic solution of bromamine-T (BAT) have been reported. The
reaction shows first-order kinetics in each of bromamine-T, cyclohexanol,
H+ ions and Ru(IIT). Decreasing effect of chloride ions was observed.
Ionic strength variation did not influence the reaction rate. Negligible
effect of addition of p-toluene sulphonamide (one of the reaction pro-
ducts) was observed. A suitable mechanism consistent with observed
kinetic results has been proposed.

INTRODUCTION

N-haloamides, imides and halogens belong to the group of versatile
agents used for the oxidation of organic compounds!-3. Bromamine-T
belongs to this group and has been used in the oxidation of several
organic compounds®. Although some attempts have been made earlier?® to
study the mode of oxidation by bromamine-T (BAT)in uncatalysed reactions,
but scant reports are available for Ru(III) catalysed oxidation” by brom-
amine-T. The present paper reports the kinetics and mechanism of
bromamine-T oxidation of cyclohexanol in the presence of Ru(IIl) as
catalyst in hydrochloric acid medium.

EXPERIMENTAL

All the reagents used were of highest purity available. BAT solution
was prepared and standardised by the method described earlier’. Cyclo-
hexanol was E. Merck grade. Hydrochloric acid was used as a source of
hydrogen ions. All solutions were prepared in double distilled water.
The reaction was followed upto two half-lives by the iodometric estimation
of the unreacted BAT at various time intervals.

Stoichiometry and Product Analysis

Different sets of experiments were carried out with varying BAT-
Cyclohexanol ratios. Estimation of excess of BAT left in each set showed
that three moles of BAT were consumed for the oxidation of each mole of
cyclohexanol and accordingly, following stoichiometric equation(1) could
be formulated. _ '
CHz' CHz\ CHz'CHz C=O

| CHOH + 3 CH;C¢H,SO:N NaBr + H,0 - | |
(CH),CHY” CH,CH; C=0
+ 3CH;C¢H4SO,NH, + 3NaBr )
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The end product corresponding 1, 2-diketone was identified by conven-
tional spct test analysis® and also through dinitrophenylhydrazine (DNP)
derivative®.

RESUI' TS AND DISCUSSION

The results of oxidation of cyclohexanol by BAT in acidic solution of
Ru (ITI) have been recorded in Table 1. First-order dependence of the

TABLE 1
a
[BAT] x 10 M ...0.80 1.00 132 200 280 4.00
ki x 104 S-! ...364 370 368 364 367 3.63

a - [Cyclohexanol] = 5.00x 10—2M, [HCI] = 1.25x10-2 M, [Ru (III)] = 2.64 x 10-* M,
[KCI]} = 5.00x10-? M and Temp. 30°C

b

[Cyclohexanol] x 10* M ... 0.50 1.00 1.50 2.00 3.30 5.00
kyx10¢ S-! ...041 0.77 1.12 1.60  2.56 3.70
kax 102 M—! L S-! ...08 077 075 0.8 079 0.74

b - [BAT] = 1.00X10-* M, [Ru (III)] = 2.64x 10-* M, [HCI} = 1.25x102 M,
[KCI} = 5.00x10-* M and Temp. 30°C

[HCI]x 102 M ...1.00 125 1.60 200 3.00 4.5
kix 104 S™! ...295 370 472 591  8.82 13.26
kax10* M—! L S ...295 296 295 296 294 294

¢ - [BAT] = 1.00x10-* M, [Cylclohexanol] = 5.00x 10-2 M,
[Ru(1Il)] = 2.64x10-* M, Temp. 30°C, Total [Cl-] = 6.25%10-* M

d

[Ru (IID]x 10° M ...066 132 198 264 330 3.96
ki x 10 S~ ...092 178 267 370 456 542
kax10M-! LS~ 0139 135 133 140 138 135

d —» [BAT] = 1.00x 10—* M, [Cyclohexanol] = 5.00x10-* M, [HC] = 1.25x10-* M,
[KCI] = 5.00x 10-* M and Temp. 30°C

reaction on cyclohexanol, Ht+ ions and Ru(IIl) is evident from the linear
relationship between first-order rate constant i.e. k; and each of cyclo-
hexanol, H* ions and Ru(III). First order kinetics in BAT is obvious
from the nearly constant values of k;. Table 2 contains effect of variation
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of [CI-], p-toluenesulphonamide and temperature. Negligible effect of ionic
strength of the medium is also obvious from the kinetic data of Table 2,
Variation of p-toluenesulphonamide (p-TS) concentration did not influ-
ence the reaction rate, but decreasing effect of added chloride ions was
observed. The energy of activation was calculated from the rate measure-
ments at 25, 30, 35 and 40°C and was found to be 14.72 kcal/mol.

TABLE 2
a
[KCl]x10* M ...1.00 200 250 3.00 4.00 500
ki x10¢ S-! ... 1350 1060 8.80 6.50 480 3.70

a -> [BAT] = 1.00x10~* M, [HCI] = 1.25x10-? M, [Cyclohexanol] = 5.00 X102 M,
{Ru(I11)]=4.00x 10-¢ M and Temp. 30°C

b
[p-TS]x 10* M ...025 050 1.00 200 250 4.00
kx10* S~} ...376 378 369 370 378 3,76

b > [BAT] = 1.00x-* M, [Cyclohexanol] = 5.00 x 10-¢ M, [HCI] = 1.25x10~* M
[Ru(ITI)] = 2.64x 10~¢ M and Temp. 30°C

c
wx10* M ... 6.25 7.00 8.25 10.25 16.25
kix 104 S-! ...370  3.69 3.80 in 3.713
¢ - [BAT] = 100 x10-* M, [Cyclohexanol] = 5:00x 10-* M, [HCI] = 1-25x10~* M,
[Ru (1ID)] = 5.64x10-¢ M, [KC]] = 5.00x10~?* M and Temp. 30°C

N

d
Temp. °C e 25 30 35 40
kix 104 §-t ... 246 3.64 5.20 7.86

d > [BAT] = 2.00x 10-* M, [Cyclohexanol] = 5.00 x 10~ M, [HCI] = 1.25x10-* M,
[Ru (III)} = 2.64x10-¢ M, [KCI} = 5.00x10-* M

It has been earlier reported? that BAT is a strong electrolyte and dis-
sociates as given below,

TsNNaBr e TsNBr~ 4+ Nat )
(BAT) (BAT-)

where Ts stands for CH;C¢H,S0,.
In acidid medium BAT- would take up proton to form p-toluenesul-
phobromamide (BAT’) as given below.

TsNBr- + H* « TsNHBr 3)
(BAT-) (BAT")
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A part of BAT- is also likely to be converted into dibromo p-toluene
sulphonamide (DBT) as in eqn. (4).

2TsNBr- + 2H+ = TsNBr; + TsNH; 4)

Thus either of the three species BAT-, BAT’ and DBT may be invol-
ved in the oxidation process in acidic medium. If either (BAT-) or DBT
is taken as reactive species of bromamine-T, the rate law obtained on this
assumption does not explain the kinetic results. Hence none of these can
be taken as reactive species of BAT. Thus under the circumstances, BAT’
is the only choice which can be assumed as oxidising species. The rate
law, obtained on taking BAT’ as real oxidising species, fully explains all
the results.

The negative effect of Cl~ suggests that the following equilibrium
favours the right direction and thus

[RuClg)*- 4+ HO = [RuClstO]z— + CI- (3)
[RuClsH,0]%- is the real catalytic species of ruthenium(fII) chloride in the
present case,

The following steps are proposed on the basis of kinetic results taking

BAT’ and [RuClsH,0]?- as the oxidising and catalytic species of BAT and
Ru (III) chloride respectively.

k
[RuClgP- + H,0 = [RuClsH,0]- + CI- )
(Cy) (C)
ks
C: +S = [RuCLSP- + H,0 (1D
(Cs)
TsNBr- + H* f TsNHBr (11
(BAT) ' (BAT)
| 9%
C; + BAT' - [RuCLHP- + Y + H+ av)

Slow and rate determining step

where S is cyclohexanol, Y is an intermediate.

k
[RuCLH]*- + BAT’ + H,O —faLS; TsNH; + [RuClsH0- + Br- (V)

|’
Y ! i
+ BAT —f;t» Final product (4%))

The rate of the reaction in terms of loss of concentration of BAT may
be written as eqn. (6).

—d
AT — ki (CBAT]) ©)
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where n is the number of moles of BAT required to oxidise each mole of
cyclohexanol.

Considering steps (I-V) the value of [Cs] is obtained as given in
eqn (7).

kik[SIRu(IIN]r ™)
ki + [CI-] + k, k2 [S]

On substituting the value of [C;] from eqn. (7) in eqn. (6) we have
eqn. (8)

[Cs] =

—d[BAT] n k3 k; ko[ SIIBAT’J[Ru(lIl)y 3
at K + [CF] + kiki[S] ®)
On applying steady state treatment to [BAT’] and considering eqn. (8) with

the assumption k; k;[S] < (ki + [CI-]) we have final rate law (9).
—d [BAT] __ k[BAT][SI[H*][Ru(II)]r 9
i ki + [CI] ©)

where k = n k; k; k; k3 and k3 = k;/k,

The rate eqn (9) fully explains all the observed kinetic results, It aiso

explains negligible effect of ionic strength variation, suggesting involve-
ment of atleast a dipole in the slow and rate determining step

(step (I1V)).
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