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ABSTRACT

The oxoammonium cation of 4-acetamido-2,2,6,6-tetramethylpiperidine-1-oxoammonium tetrafluoroborate (1) adds rapidly at room temperature
in an ene-like fashion to trisubstituted alkenes to afford allylic alkoxyamines in high yield.

Oxoammonium salts are widely used, either catalytically or
stoichiometrically, for the oxidation of alcohols,1 but little
is known concerning their potential reactions with alkenes.
The reactions of oxoammonium salts with the enol form of
ketones and 1,3-diones to give 1,2-diketones and 1,2,3-
triketones, respectively, have been known for some time.2

Oxoammonium halides are known to add to electron-rich
alkenes, such as enol ethers and styrenes, to give 1,2-addition
products;3 stabilized enolates have been trapped by oxoam-
monium salts to afford alkoxyamines;4 and conjugated
alkenes are reported to undergo allylic oxidation when treated

with electrochemically generated oxoammonium cations.5

Herein we report that 4-acetamido-2,2,6,6-tetramethylpip-
eridine-1-oxoammonium tetrafluoroborate6 (1) adds rapidly,
cleanly, and selectively in an ene-like fashion to trisubsti-
tuted alkenes in acetonitrile at room temperature to afford a
novel route to allylic alkoxyamines.7 Such alkoxyamines are
widely used as initiators of “living” free-radical polymeriza-
tions.8
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We were prompted to explore the reactions of1 with
alkenes following an observation made some time ago in
the course of a study of the oxidation of various alcohols
with stoichiometric quantities of oxoammonium salt: the
oxidation of citronellol was accompanied by reaction at the
carbon-carbon double bond to give products that were not
identified at the time.9

The reactions of a variety of representative alkenes with
1 were surveyed by analysis of aliquots taken from a series
of reactions in which approximately 0.2 M solutions of
alkene and a hydrocarbon standard (heptane or octane) in
acetonitrile containing an equimolar quantity of1 were
allowed to stand at room temperature. The disappearance of
alkene was monitored by capillary GC as a function of time.
The results of these experiments, illustrated graphically in
Figure 1, indicate that, of the alkenes surveyed, only those
having a trisubstituted double bond (i.e., 1-methylcyclohex-
ene and 2-methyl-2-pentene) react rapidly with1 at room
temperature.10 Terminal alkenes (i.e., 1-octene),gem-disub-
stituted alkenes (i.e., 2-methyl-1-pentene), and 1,2-disubsti-
tuted alkenes (i.e., cyclohexene) fail to react under these
conditions, and tetrasubstituted alkenes (i.e., 2,3-dimethyl-
2-butene) react very slowly. In short, the reaction of1 with
alkenes at room temperature appears to be highly selective
for trisubstituted substrates. The product of the reaction of

1 with a trisubstituted alkene is an allylic alkoxyamine salt
that is readily converted to the free base upon treatment with
aqueous Na2CO3 (Table 1).

Table 1. Ene-like Addition of1 to Alkenesa

a Reactions were conducted by stirring approximately 0.2 M solutions of the alkene and one molar equivalent of1 at room temperature.b Isolated yield
of chromatographically pure, crystalline product.c Two molar equivalents of1 were used.

Figure 1. Reaction of various alkenes with oxoammonium salt1.
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The addition of1 to a trisubstiuted alkene is formally
equivalent to an ene-like addition of the oxoammonium
cation to the carbon-carbon π-bond of the alkene with
concomitant, if not simultaneous, removal of an allylic proton
as depicted in Scheme 1. Thus, unlike oxoammonium halides,

which add in a 1,2-fashion to electron-rich alkenes,3 addition
of the non-nucleophilic tetrafluorborate salt results in trans-
position of theπ-bond.

As demonstrated by the results summarized in Table 1,
the addition of1 to a trisubstituted alkene occurs rapidly
and cleanly under very mild conditions. Within a few hours
at room temperature, a solution of the alkene and an
equimolar quantity of1 in acetonitrile is converted to the
addition product from which the allylic alkoxyamine may

be isolated in good to excellent yield. Not surprisingly, the
addition reaction is even more rapid when an excess of1 is
used (Table 1, entry 4); the excess oxoammonium salt may
be removed by adding methanol prior to workup.

As might be anticipated, the addition appears to be highly
regioselective: in every instance, the less highy substituted
carbon of theπ-bond is attacked by the oxoammonium cation
to give a secondary allylic alkoxyamine. Moreover, the
substantial preference for addition of1 to trisubstituted
carbon-carbonπ-bonds may be exploited for chemoselective
addition to dienes containing a terminal and a trisubstituted
π-bond (Table 1, entry 8).

The pronounced selectivity for trisubstituted double bonds
in the addition of1 to alkenes is likely related to the need
for a relatively electron-richπ-system. Such a rationale is
consistent with prior work demonstrating that the 1,2-addition
of oxoammonium halides to alkenes is restricted to electron-
rich substrates.3 The rather slow reaction of1 with a
tetrasubstituted alkene (Figure 1) may be a reflection of the
crowded steric environment in the transition state for the
process.

In summary, the facile and selective ene-like addition of
oxoammonium tetrafluoroborate salts such as1 to trisubsti-
tuted alkenes provides a novel route to secondary allylic
alkoxyamines.
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