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Metal ion funetion either as one-equivalent

ar twame%miva}eni reagents, One-equivale nt oxidants are
those which nccept 2 single electron by direet tramsfer

atom. Two-eguivalent

from the suhstrate,

In onc-zouivalent redoX processes, the change of

an outer—-sphere mechani

is Inner-Sphere mechanism:

The inner-—sphere or bonded mechanism envisages
o direct contact between the oxidant and tre reductant, and

the treansitiom state is characterised by a ligand which is
nonded to both metal ions. It can therefore act as a bridge

hetween them for the transfer of an electron. The typical

f=

or 2+(aq>+ (MH,) g Tl v Caa i —

-Jrf‘1 (aq>+ Co 4 (aqf)+ 5

2

ne formation of an inner-sphere transition state
would lead to considerazble distortion of the ions, which may

thus assist electron transfer by reducing the energy terms

‘
Y’

involved. In order that an inner-sphcereé pmecnan nis

i
L3
o
]

the ligand present should behave in a bidentate manner,

an operate,



The ligand must possess ava ilahle pi-orbitals, and one of
the resgents involved must have a lig=nd which can be

easily displaced,

o

2. ﬁﬂf“fwuﬁ aye mechanisng
puter-sphere electron exchange reactions constitnte
the simnlest c¢lass of electron tronsfer rerctions, Tr =7

outer—snhere mechanism, the inner co-o rdination shell of

L9

both reaggents is preserved intact in tue transition state.

[0}

Since the metal-ligand distances will he affeceted »y valency
change, some distortion of the inner shells would occur,but

ne metal-ligond bend would be broken or formed.

The essential steps in these reqct1ons would he:
(a) the approach of two reagent ions, which may be aided

or hindered by electrostatic forcess

(b) before clectron tramsfer ecam occur, two conditions must

ye obeyed (3), in accerdance with the Franek-Condon

et

prineipies

(i) the electron transfer musi not slter the energy
of the gysten. Tris eleetren transfer occurs in a very short
time, agd the only pgssible 1oss or gain of enerqgy would be
by radiations Electron transfer can oceuy only if the oxidant
and reductant have been vibratienally exgited to the same
total energy. Thus, when the valency stafes of a reagent

are clesely similar in bond emergy and gqometry, the outer—

snhere brocess would he expected to be mgst faciles



the process of slectron transfer itself. If the reagent
comnleres are sufficiently close and of suitable symmetry,
gu1ch that there is some interaction hetween the orhitals

[N
)

T G 5 - Do = T ) . . s 5

electron trancfer Tould be egsentizlly unity. The reouirene
i -~ L SCI b oo » A ) 4 vl

of orhitsl overisp can be related to tke orbitals of the

reagents. This would suggest that in octahedra 1 comvnlex

tzm electrons might he more easily transferred than e

electrons whieh are in orbhitals directed =2long the metal-

ligand axis.

Q

Ir order to establish that an outer-sphere or

mon-honded electron transf

@

r ¢an occur from an organic
compound to a metal oxidant, it is necessary to choose a
suitable model system in which th

mechanism would

¥

bonded nrocess a minimwm., The oxidant should be so chosen
such that it possesses ligands which are slow or difficult to
A0

he so chosen such that

]

it is not likely to displace ligands from a metal ion complex,

Examples of such exchange-inert oxidants are the iron (171)

s T 2- =Y a T
tris—-o-phenantiroline complex {(4), Ir Cl, ion (5), Mn (III
tris—acetylacetone complex (6), ceric ions (7}, =nd
heYaevar T ate TTT e a o)
nexaecyanoferrate (ITI) ion (8,9).
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In the reactions of one-equivalent oxidants with
organic substrates, the most frequently encountered oxidation
process would seem to correspond to an electron transfer
between substrate and oxidant, accompanied by the breaking
of a C~H bond and loss of a proton to give a substrate
radical, as for example (10):

; 4 = - . +
Co (III) + CgHgCHy —— Co (I1) + CyHsCHy + H

It would therefore be expected that the loss of a proton
would be slower than electron transfer, and hence would

correspond to the rate determining step.

The presence of radicals may be inferred by their
oxidatiocn of reduction of added inorganic ions, or by their
ability to cause polymerisation to occur with added monomer,
as for example, acrylamide or acrylonitrile,. If the radical
is present in sufficiently high concentrations, its presence

can be detected by electhron spin resonance spectroscopy.

Although the radical may undergo many other processes,
it is most probable that in the presence of an excess of
oxidant, the radical will be oxidised‘further. Examples are
known where the main mechanisms of this step may be:

(2) a non-bonded electron transfer (conversion of a neutral
radical to a cation), as for example the oxidation of 2,6~
dimethylphenol by hexachloroiridate ion (5), and the oxidation
of hydroquinones by ferric ioms (11); (b) bonded electron

transfer or the tramsfer of a ligand from the oxidant to the



)

radical, as for example, the reduction of Ircl, 2= by

Cr2+ ions{(12); (c) redox substitution, in which the radical
remains attached to the complex, as for example, the
phenylation of the ferriceniunm comnlex (13,14);: (d) redox
addition, where the radical remains attached to the complex,

as for example, the reaction of hexacyanoferrate(li]) with

isobutyraldehyde(15).

Oxidation of organic substrates with potassium

hexacyanoferrate (IIT):

Potassium hexacyanoferrate(III), KSFe(CN)6, is
essentially a substitution-inert transition metal comnlex{(16).
It does not exchange its ligands at a rate fast enough to
compete with rapid clectron transfer, Therefore, oxidations
by hexacyan@ferrate(lll) jon occurs by means of a non-bonded
electron transfer or outer spherée process, whereby an electron
is transferred from the subst?ate to the metal ion through the

cyano ligand.

In acidic medium, potassium hexacyanoferrate(lll}
nas been used for the oxidation of sulphur containing
compounds (17-25), and very recently, for the oxidation
of toluene and substituted toluenes (26—29), diphenylmethane
and triphenylmethane (30), unsaturated systems (31-32), and

polynuclear systems (33-34).

In neutral medium, potassium hexacyanoferrate(ll[)

has been used for the oxidation of aliphatic amineS(BS).



§

1

In alkaline mediun,potassiun he. aeyanoferrate{I1II),
hae becn c¢xtensively used for the oxidation of various kinds
of orgsnic substrates such as aldehydes(36-40), ketonecs

=~ A% 4 b e =g b 4
(36~37, 41-46}, anines (47--53), alcohols and diols(54-62),

\

sulfur comoounds (63-69); acids (70-78), sugars (79-82),

hydrazines (83-85), amino acids (86-87), acyloins {88-89),

" e A Y pihe e . : 3 !
As{III}{97-92), hypophosphite(93-94), hydrocarbons (95),
and nhenols {(956~93).
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is complex, in

(a) it wsually gives a mixture of productsy and

(b) with the same phenol, different oxidants ecan yicld

quite different product mnixtures,

o

In the presence cf oxidizing ageats, nhenclic

3 b

nmolecules can undergo either carbon~carhon or carhon-~oxygen

counling to give a2 variety of products. Simple nhencls can

124 at positions ortho and/or nara vo the hydroxyl
group to yield several possible dimersy; these can he further

oxidized to nroduece trimers, polymers and guinonoid-type

-

structures. In wmore comnlex polyhvdroxy aromatic compounds,

counling of both types may occur intramolecular as well

(

as intermolecular coudling. Substitution products and compounds
resulting from coupling at benzylic neositions may also be

™

observed.
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In most synthetically emnloyed phencl counling

rodu

s
(.al

reactions, polymers are opbtained as the side

i)

tss

o

nolmerization of nhenols via oxidative counling is an

industrial srocess of great comnercial importance.

The choice of a nhenol counling reagent will

3

not only inerease the synthetic ntility of nhenol oxidative

counling reacticns, but will 2180 indicate the wianner in
which various emzymes might catalyze such reactions,
This would opnen un vast possibilities for a further probhe

into the study of important biological reactions, wherein

the key step involves the oxidative counling of phenols.

The exidation of phenols by hexacvanoferrate(ITT)
in alkaline mediumn would give the aryloxy anion, This

anion can transfer an electron to hexacyanoferrate(1711),

‘,J
[

cal

fete

resulting in the formation of an aryloxy radical. The r

(9

would then he free to react, and the formation of coupled

T

products is a distinct possibility.
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