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MECHANISM OF THE OXIDATION OF ALCOHOLS BY 2,2,6,6~TETRAMETHYLPIPERIDINE NITROSONIUM CATION

M.F. Semmelhack,* Christopher R. Schmid and David A. Cortés
Department of Chemistry, Princeton University, Princeton, New Jersey 08544

Abstract: Simple Hammett studles, hydrogen isotope effects, and attempted preparation of
proposed transient intermediates are used to probe the mechanism of oxidation of alcohols by
2,2,6,6-tetramethylpiperidine nitrosonium ion.

The oxidation of alcohols to aldehydes and ketones with 2,2,6,6-_stramethylpiperidine
nitrosonium cation (1)! has been developed as a synthesis method by several groups,z'5 but
little is known about the mechanism. As outlined in Scheme 1, a number of pathways can be
written for key steps: (a) simple electron abstraction/proton loss from the alcohol to give
the hydroxyl radical and the familiar nitroxyl 3; (b) direct hydride abstraction by 1 to give
an oxonium ion and hydroxylamine 2; (c) formation of a reactive adduct (4) by nucleophilic
addition to the nitrogen atom of 1; and (d) formation of a similar adduct (5) by addition to
the oxygen atom of 1. The intermediates 4 and 5 might undergo elimination via proton abstrac-
tion involving internal and external base. In this paper we report preliminary studies which
support an intermediate such as 4.

In a simple Hammett study by competition within pairs of para substituted benzyl alcohols,6
only small rate differences were observed. With p-NO9CgH,;CHyOH assigned a relative rate of
1.0, the rate for p-CH3CgH,CHO0H is 2.2 while that for p~MeOCgH4CHpOH is 2.1, Similarily,
direct monitoring of the reaction progress (glpc analysis of aliquots) shows that reaction of
1-(p-nitrophenyl) ethyl alcohol is slower by a factor of about 5 compared to 1-(p~tolyl)ethyl
alcohol. These data suggest the development of only slight positive charge at the benzylic
carbon in the rate determining step and are inconsistent with a simple hydride abstraction
mechanism {path b in Scheme 1). Also inconsistent with hydride abstraction is the lack of
reactivity of nitrosonium ion 1 toward triphenylmethane and toward simple ethers. There is a
strong selectivity for primary over secondary alcohols, 587 Chrysanthemyl alcohol (a cyclo-
propyl carbinol) is oxidized to the aldehyde under the usual conditions32 without rearrangement,
again inconsistent with long~lived carbocations or radicals centered at the hydroxyl-bearing
carbon.

The general oxidation process shows a significant primary hydrogen isotope effect, in both
intramolecular and intermolecular competition. The intermolecular isotope effects were

measured by product analysis after allowing a pair of labeled and unlabeled alcohols to be
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oxidized with a limiting amount of 1, typically 0.5 mol-equiv.8 The results are displayed in
Table 1, entries 1-3. 1In the case of the secondary aliphatic alcohol (entry 3), reaction
rates for labeled and unlabeled samples were also measured, at two concentrations for each.?
The ratio ky/kp obtained as the ratio of reaction half-lives was 1.8, in good agreement with
the product analysis in the competition study (entry 3). These data are consistent with
several interpretationms, including (a) equilibrium formation of 4 or 5 followed by elimina-
tion at a comparable rate, to form 2 and R9C=0, and (b) a cyclic elimination processlO from 4
or 5 (figure 1) as rate-determining step. Intramolecular hydrogen isotope effects were
measured for both primary benzylic (entry 4) and primary aliphatic (entry 5) alcohols.!l Each
substrate was oxidized to complete conversion and the resulting aldehydes were analyzed by 1y
NMR. The isotope effects were nearly identical, and slightly greater than those measured in
the intermolecular competition. The product~determining step shows a kinetic isotope effect
of about 2.1, consistent with the cyclic eliminations shown in Figure 1.10 By intermolecular
and by intramolecular competition, and with varied structural types, the isotope effects are
remarkably similar. In these and related studies, the reaction rates are approximately inde-
pendent of the nature of the base (2,6~lutidine, sodium acetate suspension) and the concen-
tration of base. The simplest consistent mechanism is the rapid formation of 4 (or 5)
followed by internal elimination as the rate-determining step.

Distinguishing between path ¢ and path d (Scheme 1) is difficult. We have not been able
to detect any intermediate spectroscopically nor to obtain a fully substituted adduct (eg. 6)
which presumably would be stable toward elimination. Judging from the characteristic color of
solutions of 1, potassium tert~butoxide fails to react with 1 at ~78°C; upon warming to 0°C,
the nitroxyl 3 is detected but no other discrete product is observed. Oxidation of 712 yith
m-chloroperoxy benzoic acid, expected to proceed by N~oxidation to give 6, gave instead the

nitroxyl 3 as the primary product.
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Carbon nucleophiles such as organo-magnesium reagents13 and simple ketones (presumably
through the enoll? add preferentially at the oxygen of 1. The site of addition of oxygen
nucleophiles has not been established directly, but the Russian group has provided evidence
for the addition of hydroxide (water) at the nitrogen of 1 (adduct of type 4) through isotope
exchange studies.l3 We obtained adduct 8l6 by addition of 3~phenylpropylmagnesium bromide to
1 and brought it into reaction with m-chloroperoxybenzolc acid, again with the expectation of
N-oxidation to give 9. Using a deficlency of the peracid and following the reaction with 8
from -78°C to 25°C, 3-phenylpropanal was formed (90% yield) but no intermediate was detected.
This observation is consistent with 4 as a viable general intermediate.

Overall, the adduct 4 is nicely supported by the data; adduct 5 cannot be ruled out. A
cyclic elimination pathway (Figure 1) is proposed as the rate determining step, preceded by a
fast, unfavorable equilibrium formation of 4 (or 5). The high selectivity for less crowded
hydroxyl groups can also be understood based on 4 or 5. 1In the proper conformation for intra-~
molecular proton-transfer (Figure 1), substituents at the carbon bearing the hydroxyl group
appear from models to be interacting strongly with the equatorial methyl substituents on the
piperdine ring. With a reactant-like transition state, the steric interaction would become
more severe in approach to the transition states implied in Figure 1, suggesting a higher

barrier as the substituents on the hydroxyl-bearing carbon are made larger.
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Figure 1. Cyclic elimination pathways.
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