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The oxidation of diols by 2,2’-bipyridinium chlorochromate involves a hydride-ion transfer via a chromate ester

intermediate.

In continuation of earlier work’™ on the oxidation by
2,2'-bipyridinium chlorochromate (BPCC), we report in this
paper the kinetics of oxidation of some vicinal diols, non-
vicinal diols and two of their monoethers by BPCC in di-
methyl sulfoxide (DMSO). The mechanistic aspects are dis-
cussed.

The reactions were followed under pseudo-first order con-
ditions by keeping a large excess ( x 15 or greater) of the diols
over BPCC. The solvent was DMSQO, unless specified other-
wise. The reactions were followed by monitoring the decrease
in the concentration of BPCC spectrophotometrically at 365
nm for up to 80% of the reaction. The pseudo-first-order rate
constants, k., were evaluated from the linear (r 0.990-0.999)
plots of log [BPCC] against time. The second-order rate
constant, k,, was determined using the relation; k, = k,,/
[diol]. Since the reductants are monohydric and dihydric
alcohols, a statistical factor of 2 was applied to the rates of
oxidation of monohydric compounds, wherever a kinetic
correlation of the rates of the two groups of compounds was
attempted.

The oxidation of the diols by BPCC resulted in the forma-
tion of the corresponding hydroxycarbonyl compounds. The
overall reaction may therefore be written as eqn. (1).

HOCH,—CH,0H +0,CrCIO~ bpyH*
—>HOCH,—CHO +H,0+0CrCIO~ bpyH* (1)

BPCC undergoes a two-electron change. This is an accord
with our earlier observations with both PFC® and BPCC.?
There is no noticeable oxidation of pinacol by BPCC. The
isolation of the hydroxycarbonyl compounds as the products
and the resistance of the pinacol towards oxidation by BPCC
indicate that the diols behave as monohydric alcohols
towards BPCC.

The reactions were found to be first-order with respect to
BPCC and the diol. The reaction is catalysed by hydrogen
ions, though the degree of catalysis is moderate. The hydro-
gen-ion dependence takes the form: k., =c+d[H"]. The
oxidation of [1,1,2,2-°H,]ethane-1,2-diol showed the
presence of a substantial primary kinetic isotope effect
(ku/kp = 6.35 at 303 K). This confirmed that an o-C—H bond
is cleaved in the rate-determining step. The rate constants for
the oxidation of the diols were obtained at different tempera-
tures and the activation parameters were evaluated.

The oxidation of diols by BPCC, in an atmosphere of nitro-
gen, failed to induce the polymerization of acrylonitrile. Fur-
thermore, the addition of acrylonitrile had no effect on the
rate. This indicates that a hydrogen-abstraction mechanism,
giving rise to free radicals, is unlikely.

The oxidation of ethane-1,2-diol was studied in nineteen
different organic solvents. The kinetics were similar in all the
solvents. The rate constants for the oxidation, k,, in eighteen
solvents (CS, was not considered, as the complete range of
solvent parameters was not available) did not exhibit any
significant correlation in terms of the linear solvation energy
relationship of Kamlet ez al.”
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Scheme 1

The data on the solvent effect were analysed also in terms
of Swain’s equation' of cation- and anion-solvating concept
of the solvents [eqn. (5)].

log k, =aA+bB+C 5)

The rates of oxidation of ethane-1,2-diol in the different
solvents show an excellent correlation in Swain’s equation™
[eqn. (6)] with the cation-solvating power playing the major
role. In fact, the cation solvation alone accounts for ca. 98%
of the data. Here n is the number of data points and is
Exner’s statistical parameter.”

log k, = 0.27( £0.04)4 + 1.68(+0.03)B—5.64  (6)
R*=09948; sd=0.03; n=19; =005

The rate constants for the oxidation of the four vicinal
diols showed an excellent correlation with Taft’s ¢* values'
with negative reaction constants. The negative polar reaction
constant indicates an electron-deficient carbon centre in the
transition state of the rate-determining step. The formation
of a carbocationic transition state is supported by the greater
role of the cation-solvating power of the solvents. Thus a
mechanism involving a hydride transfer is likely for the reac-
tion. The hydride-ion transfer may take place either by a
single bimolecular step or via a chromate ester. Kwart and
Nickle's have shown that a study of the dependence of the
kinetic isotope effect on temperature can be gainfully
employed to resolve this problem.

The data for protio- and deuterio-ethane-1,2-diols, fitted
to the familiar expression ky/kp = Ay/Ap (exp(AE,/RT),'*"
show a direct correspondence with the properties of a sym-
metrical transition state in which the activation-energy differ-
ence (AE,) for ky/kp, is equal to the zero-point energy differ-
ence for the respective C—H and C—D bonds (x4.5 kJ
mol~") and the frequency factors and the entropies of activa-
tion of the respective reactions are nearly equal. It is thus
evident that in the present studies the hydrogen transfer does
not occur by an acyclic biomolecular process. The only truly
symmetrical processes involving linear transfer of hydrogen
are intrinsically concerted sigmatropic reactions character-
ized by transfer with cyclic state.” Littler* has also shown
that a cyclic hydride transfer, in the oxidation of alcohols by
CrY", involves six electrons and, being a Hiickel-type system,
is an allowed process. The mechanism shown in Scheme 1
accounts for all the observed data.
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