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ABSTRACT

Rh(l11) Chloride catalysed oxidation of some cyclic alcohols by
diperiodatocuprate (111) (DPC) in aqueous alkaline medium has been stud-
ied spectrophotometrically at 414 nm. The order in [DPC] is zero and one
each in [Rh(111)] and [acohol]. The rate of oxidation was unaffected by
variationin [OH] and [salt]. Stoichiometric studies revealed that one mole
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of alcohol consumed two moles of DPC giving the corresponding carbonyl
compound as the reaction product. It has been proposed that Rh(Il1) ca-
talysisin the oxidation of cyclic alcohol isadirect reaction between Rh(l11)
and alcohol to give products via a complex formation and hydride ion ab-

straction by Rh(111).

INTRODUCTION

Transition metal ionslikelridium(l11), Ruthenium
(1), Og(V111) and Rh(111) have been found to begood
homogenous catalystsin anumber of redox reactions.
Os(V11I) catalysed oxidation of various organic com-
poundslike a coholdY, ddehydes?, K etones® by the
oxidantslikehexacyanoferrate, chloramine-T, periodate
and by Diperoidatocuprate-111 (DPC)™ has been re-
ported. In the Os(V111) and Ru(l11) catalysed oxida-
tion of alcohols, ddehydesand ketonesby DPC, azero
order dependencein [oxidant] and unit order in both
[substrate] and [catalyst] were reported involving a
mechanisminwhich complexesformation between sub-
strate and OsO, which decomposesto give products
inratedetermining step.A smilar mechanismwasaso
proposedin Os(V 1) catalysed oxidation of someali-
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phatic al cohol sby hexacyanoferrate(l11)P. Inthe case
of acohoals, Os(VIIN“ and Ru(l11)® and Rh(l11)
were shownto react viahydrideion abstraction from
o~ carbon atom of the substrate.

Oxidation of alcoholsby Ce(1V)®, and Mn(l11)*
proceedsthrough 1:1 complex between oxidant and -
cohol, whilewith ceric(1V)**1 and Co(l11)*? proceed
by abimolecular reaction, but nocomplex formationwas
observedintheoxidation by Cu(l11)1** and an outer sphere
mechani sm between a cohol and Cu(l11) hasbeen sug-
gested. In OV 1) catayzed and ucatalyzed oxidation
of somecyclonols* by Cu(lll), theorder in[cyclonal]
isfractiona andin Cu(lll), itisunity.

Oxidation of alcoholsproceedseither by rupture
of —O-H bond or o -CH bond, former isobservedin
caseof alylalcohol by cericnitratein acidic medium?®.
o-CH bond breakagewasfound in the of oxidation of
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o-deutero hexanol and cyd ohexanolsby Mn(l11)1* and
V (V)1 inthe oxidation of benzyla cohol and alyl al-
cohol by Co(l11)* in sulphuric acid medium and inthe
oxidation of dcohol by Cu(lll). Ir(l11) catalysed oxida
tion of somealiphatic acoholsby DPC (111) hasbeen
reported™® and a complex formation was proposed
between substrate and catal yst and thereactivity was
increased with chainlength.

Rh(111) catalysed oxidation of aiphatic alcoholsby
periodate™, Os (VI1l) catalyzed oxidation of cyclic
acohol by DTCin akaline medium*, effect of ring
size on kinetics of oxidation of cyclonols by
ditelluratoargentate® werereported. Many laboratory
gpplicationsin organo-meta lic chemistry and catalysis
involveorgano-Rhodium chemistry and awedth of Rh-
coordination complex isknown?, Catalytic activities
of threetransition metalssuch asIr(111),Rh(111),Pd(111)
were compared in the oxidation of cyclohexanol and
benzylal cohol by 50% H,O,.

Literature showsno report ontheuseof Rh(ll1) as
homogenous catalyst inthe oxidation of cyclicacohols
by diperiodatocuprate(lll) in aqueousdkalinemedium
and hencethetitleinvestigation.

I nstruments, chemicalsand reagents

1. Elicomake, U.V —visble spectrophotometer

2. Thermostat

3. Copper sulphate, potassium periodate, potassm
persulphate.

4. RnCl,

5. Cyclopentanol, cyclohexanol, cycloheptanol ad
cycloocatanol

EXPERIMENTAL

All thechemicasused wereof AR gradeand wher-
ever necessary were purified by sandard methods. The
DPC was prepared and standardized by literature
method?. Thekineticswasfollowed inthetempera-
ture range of 293 to 308 by studying the disappear-
ance of diperiodatocuprate(111) (DPC) at regular time
intervals spectrophotometricaly at 414nmusing Elico
make spectrophotometer. Inal kinetic runs, blank re-
actions were also carried out and necessary correc-
tionswere madefor any self-decomposition of DPC.
Stoichiometric studiesreveal ed that onemol eof aco-
hol consumed two moles of DPC. Corresponding car-
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TABLE 1: Effect of [Cyclicalcohol] and [Rh(l11)] on ratecon-
stant (k') in DPC- Cyclo hexanal reaction catalysed by
Rh(I11)([KOH] =5x% 10*mol dm; Temperature=298K)

[Rh(111)]x10° mol dm[Alcohol] x10°mol dm™ k/x10°%s*

1.85 15 3.00
3.70 15 6.90
5.55 15 10.02
7.40 15 12.50
3.7 0.5 240
3.7 1.0 4.60
3.7 15 6.90
3.7 2.0 9.00
3.7 3.0 14.30
e
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s T~
= T
Time (Sec)
Alcohol k’ (Graphically)
Cyclopentanoal (A) 5.5x10°% st
Cyclohexanal (B) 6.9x103 st
Cycloheptanal (C) 8.5x10°% st
Cydoactonal (D) 11.6x10°3 st

Figurel: Determination of pseudofirst order ratecon-
stant (k')

bonyl compoundswereidentified as products of oxi-
dation and confirmed by preparing their 2,4-
dinitrophenylhydrazonederivatives.

RESULTSAND DISCUSSIONS

Inthe present study, under theexperimental condi-
tions[acohol] >>[DPC], the rate of oxidation was
independent of initid [ DPC] and the plot of absorbance
versustimewaslinear (Figure 1) and fromthed opesof
whichthe pseudofirst order rate constant k' vaueshave
been evaluated.

Thedetermined pseudofirst order rateconstantis
duetothecomplex formationwith thereaction between
substrate and catalyst, since zero order dependence
was shown in DPC. Therate constant (k") increased
withincreasein [Rh(l11)] and [a cohol] indicating the
order ineach of themwasone (TABLE 1). Therate of
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TABLE 2: Catalytic co-efficient

Alcohol  SjAlcohol] x10° mol dm™® kx10%* 1S, 1k,  Slope Intercept K,=Slope/ Intercept

0.5 1.90 2000.00 526.31
1.0 3.86 1000.00 259.06

Cyclopentanol 15 5.60 666.66 178,57 0.2614 1.8367 0.1423
2.0 7.80 500.00 128.20
3.0 10.70 333.33 9345
0.5 2.40 2000.00 416.66
1.0 4.60 1000.00 217.39

Cyclohexanol 15 690 666.66 140.84 0.2068 5.0245 0.0411
2.0 9.00 500.00 11111
3.0 14.30 333.33 69.93
0.5 3.00 2000.00 333.33
1.0 5.80 1000.00 17241

Cycloheptanol 15 8.50 666.66 117.64 0.1630 8.1540 0.0199
2.0 11.10 500.00 90.09
3.0 16.50 333.33 60.60
0.5 4.30 2000.00 232.55
1.0 8.70 1000.00 114.94

Cyclooctanol 15 11.60 666.66 86.20 0.1115 8.3117 0.0134
2.0 15.40 500.00 64.93
3.0 22.30 333.33 44.84

reaction wasfound to be unaffected by varying [OH]
and[sdt].

RhCl, inakalinesolutionsexistsas Rh(OH), and
Rh(OH)[#%9. Inthe present investigation theratewas
independent of [OH'] indicating that the equilibriaof
any typeinvolving Rh(I11) speciesand OH- ionmay not
be operative. No polymerization of acrylamidewasob-
served, when added to reaction mixturein N, atmo-
spherewhich rulesout the possibility of afreeradical
mechanism. No reactionswere observed with t-butanal.
A cleanfirst order dependence bothin [a cohol] and
[Rh(111)] and non-dependencein [OH] indicated adi-
rect reaction of the substrate either with Rh(OH), or
Rh(OH),. Based on the aboveinformation aprobable
mechanisminvolving hydrideion abstraction from a-
carbon of alcohol by Rh(l11) to give the product and
Rh(111) hydride has been proposed.

Based on aboveresultsthefollowing scheme has
been proposed.

k
RCH,OH + Rh (OH)3 —= RCH,0 - Rh (OH), + H,0
kg

k
RCH,0 - Rh (OH), SI—2> RCHO + Rh (H) (OH),
ow

Rh (H) (OH), + 2 Cu (11)— % 5 Rh (OH)3 + 2 Cu(ll)
HO 4+ oH*

Astherate of formation of Rh(llI)hydrideisequa
to half therate of disappearance of [oxidant] whichin

turnisequal to rate of disproportionation of the com-
plex, theratelaw canthereforebewritten as,

_ki[SI[C]
[Complex] = K, +K,
AdCu(ll)]
- 2—dt =k, [Complex]
_ldiCu(lin)] | koky[S][C] _ki+ky
2 4 0T ek, WhereKm="m

_ldicuin] _, _ kolSI[C]
2 d, °T K,
Intermsof initial concentrationstherateexpres-
sonisgivenas,
—d[oxidant]  k,[S]o[Clo
de [Slo+[Clo+Knm

Two limiting cases of aboveequation areimportant
which can beused for testing the applicability of the
aboveratelaw. Incase, [C ] <<[S], then[C ] canbe
dropped from the denominator and rate equation is
writtenas,
ko= k2[Slo[Clo

[Slo+Km

According totheaboveratelaw, theinitial rateis
proportional to the catalyst concentration. Same ob-
servation wasfound in thereaction. Thereciprocal of
the above equation at constant [C ],
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1__1 (
ko kalClo  (k2[Clo ISl
andthispredictsplot of 1/k,Vs1/[§], linear, whichin
fact was obtained in the present case. Thisenablesto
caculatek [C ] and K fromtheintercept and slope
(TABLE?2).

Thedependenceof theinitial rateon[S] isinter-
eging. Since[S] <<K then[S]+K =K . thenthe
raeiswrittenas

kO - kZ[i]O[C]O — kcat [SO]
m
When Ky =220

Thisshowsthat thefirst order dependenceon [
whichiscong stent with the experimenta observations,
confirming the proposed mechanism that the Rh (111)
catal ysed oxidation of alcoholsby Cu (I11) inbasic me-
dium proceedsthrough the formation of complex be-
tween Rh (I11) and substrate which in turn
disproportionatesin aslow step to form product and
Rh(l11)hydride. Rh(lIT)hydridefurther getsoxidizedin
a fast step by oxidant regenerating Rh(OH), and
Cu(Il).Inthismechanismthe catalyst preferentialy oxi-
dizesthesubstratefirst, probably vial:1 complex. This
happens dueto theoxidations potentia of C™*/C™9)*is
higher than that of OX™/OX M)+,

Thereactivities of cyclonolsfollowed the order,
cyclopentanol <cyclohexanol <cycloheptanol <
cydooctanal. Adtivaionenergiesdeterminedfor dl these
alcoholsconformsto the above order. Activation pa-
rameters, AH” indicatesthat theformation of trangtion
gateisendothermic, high AG*vauedueto positive AH*
and negative AS*suggest that the stability of trangition
stateisaccording to the order of reactivity of alcohols
(TABLE?3).

Theorder of reactivity inthe present caseisin ac-
cordancewiththeorder of ring sizeand in conformity
with Bayer Strain theory. The higher reactivity of
cyclohexanol compared to cyclopentanol could beex-
plained by assuming theflexibleboat formto beactive
and not thechair form. Intheboat form, though thereis
noanglegtran, thereisbond opposition straininvolving
4 pairsof hydrogensat theside of theboat and dsothe
Strain dueto the pair of hydrogens at the top of the
boat known asthebowsprit flag poleinteraction. Asa
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TABLE 3: Activation parameter for DPC- cyclicalcohol reac-
tion catalysed by Rh (111)

s’
E. AH* At A
Aleohol 5 mole? kJ mole! kJ mole jmole
egree
Cyclopentanol 70.022 67520 69.879  -7.917
Cyclohexanol 63.637 61234 61614 -26.941
Cycloheptanol 61.726  59.216 68.566 -31.376
Cyclooctanol  59.727 57182 67.828 -35.726
[Alcohol] = 1x10° mol dm3; [DPC] = 8.4x10° mol dm? ; [KOH] =
5x10° mol dm; [Rh (I11)] = 3.7x10° mol dm=. Temp = 298 K
result of theseinteractionsthe boat form appearsto be
less stablethan thechair form.

The assumption of hydrideion abstraction by Rh
(111) from a-carbon atom of alcohol recel ves support
from the previous studies made by Charman and Sing
et a| .[27,28]_

Positivevalueof cataytic co-efficient (K ) shows
theeffect of catalyst and it provesthe proposed mecha
nisminvolving theformation of acomplex withthere-
action of substrate and catalyst initially. Almost similar
valuesof K _for al thesubstratesindicatethat therate
of reaction isinfluenced by the nature of the substrate
sincetheeffect of catalyst seemsto besameinal the
reactionsirrespective of thesubstrate.

OH o Rh(OH)zO
H
Rh(OH),
(520 S0 o,

H,O| 2Cu**

Rh(OH); + 2Cu® +2H*

TABLE 4: Comparison of rateof oxidation of Rh(l 11)-Catalysed
and uncatalysed oxidation of cyclic alcoholsby DPC

[Alcohal] = Catalysed y a3
1.5%x10° [Rh(I11)]=3.7x10° K x10°s
mol dm™ mol dm? K/ x 103 Uncatalysed

Cyclopentanol 5.6 25
Cyclohexanol 6.9 3.6
Cycloheptanol 8.5 4.2
Cyclooctanol 11.6 6.1

[DPC] = 8.4x10° mol dm; [OH] = 5X10° mol dm? ; temp = 298 K
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