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a-Umpolung of Ketones via Enol Cation Radicals. Mechanistic and Synthetic Aspects!)

Michael SCHMITTEL" /'t and Michael LEVIS
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Albertstr. 21, D-79104 Freiburg, Germany

The novel a-Umpolung of ketones via intermediate enol cation radicals has been
explored mechanistically and tested for different nucleophiles that are compatible to the
oxidative conditions. The rate of the reaction was determined indicating that enolization

takes place prior to the one-electron oxidation step.

Although ketone, enol and enolate chemistry is of paramount interest for organic group transformations
and C-C-bond formations,?) the reactions of the corresponding cation radicals have only marginally been
investigated.3~>) Based on the recently established inversion of the thermochemical stability order upon one-
electron oxidation®) in the keto/enol system, we? and others®) have independently developed a one-pot strategy
to functionalize ketones via selective oxidation of the enol tautomer. The following paper reports on the

possibilities to vary the nucleophiles in this protocol and on kinetic experiments to clarify the mechanism.
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As model compounds for this study we have investigated p-anisyl acetone (1k) and phenyl acetone (2k).
exhibiting enol contents as low as 1074%.7) For both systems the keto form is difficult to oxidize but the enol
oxidation potentials are lower by about one volt.®) As a consequence selective oxidation of the enol tautomer
should be possible through the use of the well-known one-electron oxidants tris(p-bromophenyl)aminium
hexachloroantimonate (TBPA+°, Eip = 0.70 V), tris(p-tolyl)aminium hexafluoroantimonate (TTA+', Ep=
0.37 V) or iron(IlI)phenanthroline hexafluorophosphate (FePhen, £, = 0.69 V).
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Indeed, in the presence of two equivalents of one-electron oxidants the a-Umpolung reaction of 1k or 2k

in a solvent mixture acetonitrile/nucleophile = 9 : 1 is readily accomplished.

Table 1. Yields in the a-Umpolung of Arylacetones 1k and 2k in Anhydrous Acetonitrile Using
Different Nucleophiles and One-Electron Oxidants

Ketone Nucleophile One-electron Time? Product Yields
ROH oxidant
1k MeOH TBPAY 20 min 3a 59%
1k MeOH TTAY 3h 3a 77%
1k MeOH FePhen 20 min 3a 43%
1k EtOH TTAY 2.5h 3b 76%
1k i-PrOH TTAY 6.3 h 3¢ 68%
1k n-BuOH TTAY 33h 3d 71%
1k s-BuOH TTAY 55h 3e 75%
1k -BuOH TBPAY 30 min 3f 15%
1k neo-PentOH TBPAY 25 min 3g 78%
1k HOAc TBPAY 14 min 3h 40%
2k MeOH FePhen 1h 4a 43%

a) Reaction time; for TTA" and TPBA™" time until decolorization of the oxidant.

Importantly, the reaction time could be shortened by addition of 200 mol% of trifluoromethanesulfonic
acid without changing yields. While aliphatic alcohols and acetic acid worked well as nucleophiles in this
approach, we were unsuccessful to react benzyl alcohol, water, anisole, methyl-2-butene, trimethylsilyl-
isocyanide, trimethylsilylazide and various fluorides.”) For example, with water as nucleophile the
decolorization of the oxidant took so much longer, that the oxidant was used up by the slow reaction with the
solvent itself. Readily oxidizable nucleophiles, e.g. amines, do not work in this strategy either.

Based on our recent work on the one-electron oxidation of stable enols,!?) a mechanism for the overall
transformation (Scheme 1) may be proposed. Obviously, the selective oxidation of the enol tautomer present
only at a small equilibrium concentration represents a critical point in this multi-step sequence. Thus, under
conditions of rapid one-electron oxidation of the enol tautomer, enolization should constitute the rate-de-
termining step. However, comparison of the rate of enolization of 2k (kenot = 5107 M'ls'], 1 M =1 mol dm'3),
as determined by Kresge,”) with the time for decolorization of the oxidant revealed an obvious discrepancy,
since much longer reaction time would be expected. Hence, the question emerged, whether the quoted rate of
enolization measured in aqueous solution (HClOs/water) has any bearing on our system operating in
acetonitrile. While a vast body of enolization rates’) has been collected over decades, basically no data are
known in anhydrous solvents. D Since, however, addition of water to our reaction system successfully impeded
the a-Umpolung, we supposed that in anhydrous acetonitrile enolization of 1k, 2k or other ketones should be

much faster than anticipated from literature values measured in water.
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Scheme 1.

From the results above it seemed promising to use the discharge of a colored one-electron oxidant, e.g.
FePhen,'?) to follow the overall kinetics in rigorously dried acetonitrile. In order to avoid autocatalytic effects
by the acid liberated in the overall process, we have studied the reaction rates using the ketones 1k, 2k and a
strong acid added in excess over FePhen. It should be emphasized, that all kinetic traces exhibited the expected
clean pseudo-zero-order behavior indicative of enolization being the rate-determining step thus confirming the
mechanistic hypothesis outlined in scheme 1. As a consequence, this procedure constitutes a novel strategy to

measure enolization rates'3) in anhydrous solvents.

Table 2. Second-Order Rate Constants for the Enolization kenoi(HA) of 1k and 2Kk in Acetonitrile Containing
LiPF¢ (0.1 M) at 25 °C

ketone  conc. of the acid conc. of the pK. n® kenol(HA)®)
ketone/ mM acid/ mM /Mgl
1k 19-28 CF;SOsH  22-27 2.60 16 (1.240.3)-10°!
1k 19 -20 CF;SOsH 27 2.60 2 (1.2240.06) - 1072
1k 28 FSO;H 26 3.38 3 (8.240.6)- 107
2k 20 - 26 CFsSO:H 27 2.60 5 (4.9£0.7)- 1072

a) Taken from reference!4. b) Number of independent kinetic runs. c¢) Second-order rate constants keno(HA)
were calculated from the observed zero-order enolization rate constants since they proved reasonably

proportional to the acid and ketone concentration (least-square analysis). d) Acetonitrile/methanol = 9:1.

Interestingly, the rate constant keno((HA) thus determined for enolization of 2k in anhydrous acetonitrile is
about 3 orders of magnitude higher than the one reported by Kresge in HClO4/water, although HClOy4 is a
stronger acid than CF3SOsH.' Most likely, the rate increase in our system can be ascribed to the lower
basicity of acetonitrile and a less pronounced leveling effect. In contrast, the acceleration of the acid-catalyzed
enolization in acetonitrile/water = 99/1 is much less pronounced when compared to water, as demonstrated for
the enolization of acetone in presence of HCIO4, where a rate increase of 23 was reported.' )

In summary, the kinetic study confirmed our mechanistic proposal that enolization is indeed the first step
of the a-Umpolung reaction. It is noteworthy, that only the largely accelerated enolization rate in rigorously
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dried acetonitrile renders the reaction time of the a-Umpolung sufficiently short to prevent side reactions of the
oxidant with the solvent. In comparison with other a-Umpolung strategies,?) this methodology allows the
introduction of even complex nucleophiles in a one-pot reaction. '
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