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The oxidation of an olefin by potassium permanganate in
aqueous media proceeds via a hypomanganate or manganate ester
intermediate, which may undergo hydrolysis to an a-glycol! or
oxidative hydrolysis to an e-ketol,? depending on the pH. Since
the hydrolytic steps of these reactions occur with fission of Mn—-O
bonds,’ it might be expected that these steps lead to manganese
species with coordination number greater than four, analogous
to the tetrahedral intermediate of organic ester hydrolysis. This
communication provides indirect evidence for the presence of a
transient penta- or hexacoordinated species during the per-
manganate oxidation of 1,5-hexadiene to the 2,5-anhydro tetrol
1, cis-2,5-bis(hydroxymethyl)tetrahydrofuran.**

Repetition of Klein and Rojahn’s oxidation of 1,5-hexadiene
(aqueous acetone, —10 °C, pH 6*!%) led to 1 in the reported ca.
20% yield and also the previously unreported ketol 217 (8%). The
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Figure 1. (A) m/e 261 region of the mass spectrum of 4. (B) m/e 261
region of the mass spectrum of 4 prepared by oxidation of 1,5-hexadiene
with potassium permanganate in a solvent containing 92% enriched
H,®0. The data were obtained on a Finnigan 31000 GC/MS instru-
ment, by using a 5-ft glass column packed with 3% OV 1 Chromosorb
W-HP and temperature programming from 100 to 150 °C at 6 °C/min.

Table I, Calculated and Experimentally Observed Mass Spectrum
of 4 Prepared by Oxidation of 1,5-Hexadiene with !*O-Labeled
Potassium Permanganate®

caled for calcd for

incorp of incorp of
mje two O, % three O, % found, %
261 59.8 48.3 540
263 31.9 34.7 34
265 8.3 13.1 10
267 0 3.9 2

¢ The percentage of species containing 0, 1, 2, 3 and 4 atoms of
80 are, respectively, 39.2, 35.7, 15.7, 6.9 and 2.2. b Average of
six determinations. The error is +1%.

latter is the “normal” product of the permanganate oxidation of
a terminal olefin under these reaction conditions.? Its formation
indicates? that the manganate ester 3 is present in the reaction
mixture and can react with water, inter alia, at the C2-H bond,
as shown (Scheme I).

The bis(trimethylsilyl) ether 4 exhibited an M + 1 peak at m/e
277 under CI-MS conditions and an M — 15 peak!® at m/e 261
under EI-MS conditions. In both cases, the fragmentation shown
in 4 was observed, leading to a peak at m/e 144, which retains
one of the hydroxyl oxygens. These observations provided the
analytical basis for an examination of the origins of the oxygen
atoms of the anhydro tetrol 1.1

Figure 1 shows the m/e 261 region of the electron-impact mass
spectra of 4 and the compound prepared in the presence of 92%
enriched H,130. It is evident that one of the oxygen atoms of the
product is derived from the solvent. It is also evident, from the
relative intensities of the m/e 261 and 263 peaks of Figure 1B,
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that the incorporation is not quantitative. Analysis of the m/e
261 and 144 regions of these mass spectra revealed that one of
the hydroxyl oxygens of the product carried the label and the
incorporation of solvent at this position was 50%.

This finding is incompatible with the mechanism proposed by
Klein and Rojahn* and by Walba!® for the oxidation of 1,5-
hexadiene, in which all three oxygen atoms of the product are
derived from a single molecule of permanganate via a 1:1 di-
ene—permanganate complex. The fact that a symmetrical substrate
is converted into a symmetrical product in an unsymmetrical
manner agrees with the suggestions of Sable®? and others!® that
a sequential oxidation of the two double bonds occurs, via the
manganate ester 3 (vide supra). However, the incorporation of
solvent which is observed in the formation of 1 cannot involve a
direct attack upon the terminal olefinic carbon atom of 3, since
this will lead to cis oxygenation of one double bond and trans
oxygenation of the other. It must be concluded that the solvent
is transferred to carbon via the manganese atom, i.e., that a
pentacoordinated species (5%) or a hexacoordinated species (62°)
transfers O’ and one other oxygen to the second double bond.

However, the pH control during the oxidation is maintained
with a stream of carbon dioxide which may undergo oxygen
exchange with water, and the acetone solvent may also undergo
oxygen exchange with water. Therefore, the observed 50% in-
corporation might well represent a minimum value. Since the rates
of oxygen exchange of carbon dioxide and acetone under the
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present reaction conditions are unknown, it was decided to repeat
the labeling experiments in the complementary sense, i.e., using
1¥0-labeled permanganate and unlabeled water.

Labeled samples of permanganate were prepared?’ by heating
potassium permanganate at 90 °C for varying times in 92% or
97% enriched H,'*0, followed by evaporation of the solvent, and
the relative proportions of the molecules containing 0, 1, 2, 3, and
4 atoms of 130 were determined by *Mn NMR.?® This infor-
mation allowed the mass spectrum of 4 prepared from a labeled
permanganate sample to be calculated with the assumptions that
two of the oxygen atoms or all three of the oxygen atoms are
derived from the oxidizing agent.”? Table I shows the result of
a typical run, in which these calculated values are compared to
those found experimentally. The experimental result is consistent
with the conclusion that 2.5 atoms of oxygen of the anhydro tetrol
are derived from the permanganate and 0.5 atom from the solvent.

Manganate is known to be tetrahedral.®® Addition of one
molecule of water to the chiral tetrahedral ester 7, from a direction
trans to a Mn—O bond, will lead to a 1:1 mixture of the penta-
coordinate esters 8 and 9.3 If it is assumed that these have a
trigonal-bipyramidal geometry and an apical-equatorial fusion
of the five-membered ring,* then 8 can transfer O’ and only the
equatorial oxygen labeled Op, derived from the permanganate,
to the second double bond. However, 9 can transfer O’ and either
the apical oxygen labeled *O, derived from the solvent, or the
equatorial oxygen labeled Op, derived from the permanganate.
Transfer from the apical position is expected to be preferred.>
This analysis is consistent with the experimental results provided
that oxygen scrambling and/or interconversion of 8 and 9 are not
competitive with the second oxidation.

Alternatively, addition of two molecules of water to 7 will lead
to the octahedral hexacoordinate ester 10.3! In the enantiomer
shown, *Q,, derived from the solvent, and Op, derived from the
permanganate, are diastereotopic, and only *O, has the correct
geometry for addition, together with O, to the second double bond.
Oxidation of the second double bond by a hexacoordinate man-
ganese ester would therefore lead to an anhydro tetrol in which
two oxygens are derived from the permanganate and one from
the solvent. This analysis is inconsistent with the experimental
results unless oxygen scrambling is competitive with the second
oxidation or the solvent molecules have a cis configuration in 10.

Thus, the data appear to provide evidence for the intervention
of a manganese complex with coordination number greater than
four. However, the unprecedented nature of 8-10 and the lack
of information concerning oxygen scrambling and/or intercon-
version of such species suggest that a decision concerning the
precise nature of the intermediate should be deferred.
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