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Tertiary aminocyclopropanes, which were prepared in good
yield by the Simmons-Smith cyclopropanation of enamines,
have been shown to resist ring cleavage by acids, bases, or
electrophiles. Accordingly, ring opening was reported to require
high-temperature (150-170°C) thermolysis.1 A new, efficient
synthesis of tertiary aminocyclopropanes,2,3 as well as other
electron-donor substituted cyclopropanes,4 prompted us to search
for a facile ring cleavage under neutral conditions. Herein we
report a convenient solution by employing the photosenzitized
oxidative ring opening of tertiary aminocyclopropanes.
Our choice of a cyclopropylamine cation radical (1a)-based

approach was initially made by analogy to the well-known, rapid
rearrangement of cyclopropylcarbinyl radical1b to homoallyl
radical2b (eq 1).5 An isoelectronic cyclopropoxy radical1c,

which is conveniently generated by one-electron oxidation (with
oxidants such as Fe+3, Mn+3, or Cu+2) of cyclopropanol, is also
known to readily afford the ring-opened, carbon-centered radical
2c.6 In addition, related ring cleavage of cyclopropyl sulfide
cation radical1d has been reported.7 Furthermore, analogous
ring opening of the cyclopropylamine radical cation1ahas been
implicated in the inactivation by cyclopropylamines of cyto-
chrome P-450 and monoamine oxidase8 and was subsequently
generated by radiolysis of the parent aminocyclopropane.9,10

Despite the well-established synthetic potential of aminium
radicals,11 little work appeared on ring cleavage initiated by
nonenzymic oxidation at nitrogen of aminocyclopropanes.12

As a result of their low ionization and oxidation potentials,

tertiary amines have been widely utilized as efficient electron
donors in electron transfer processes with excited states of
various organic substrates. The photoinduced one-electron
oxidation thus allows a convenient method for generating an
amine radical cation. In a typical experiment, the 1,4-di-
cyanobenzene (DCB) photosensitized oxidation of the cyclo-
propylamine33 was performed in a deaerated solution in MeCN
or 10:1 MeCN/MeOH containing K2CO3 by irradiation (254 or
300 nm), and ketone4 was isolated in 85% yield as the sole
product after aqueous workup (eq 2).13,14 Similarly, the
diastereomeric cyclopropylamine5 also afforded the ketone4
under identical conditions, but the reaction rate was considerably
slower. As can be seen from additional examples in eq 3, ring

opening of the tertiary aminocyclopropanes initiated by the
photosensitized oxidation appears to be general. However,
identical application to dialkylamino[4.1.0]bicycloheptanes was
unsuccessful. For example, most of12 was recovered un-
changed under the same conditions. Although the addition of
Cu(OAc)2 provides a ring-opened product, 2-cycloheptenone
(13), at present this reaction suffers from low conversion [53%
yield based on the recovered (68%) starting material], and an
improvement in yield requires additional studies.
Mechanistically, the overall transformation can best be

rationalized by initial formation of the tertiary aminium radical
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(3•+ or 5•+) and DCB•- by photoinduced electron transfer from
3 or 5 to DCB (eq 4). The amine radical cation undergoes either

decay by back electron transfer or ring opening to generate the
â-iminium carbon radical14. Apparently, ring opening of the
cyclopropane in3•+ or 5•+ takes place faster thanR-CH
deprotonation, a well-documented alternate reaction pathway
for tertiary aminium radicals.11 Subsequent hydrogen atom
abstraction, followed by aqueous workup, would furnish the
observed ring-opened ketone4. To probe the source of the
H-atom, experiments with6 were undertaken in the presence
of deuterated solvent(s), i.e., CD3OD and/or CD3CN: no
deuterium incorporation was found in the product7. This result
indicated that an intramolecular hydrogen transfer occurred to
produce a new iminium carbon radical, such as15, which would
readily undergo reduction by DCB•- to afford the dipole16
and DCB. Direct evidence for a 1,5-hydrogen transfer was
obtained from the isotopically labeled6 (6-d10) (eq 5). Thus,

photolysis under the identical conditions resulted in a∼1.1:1
mixture of21 and22, monodeuterated products of7: the 13C

NMR spectrum of the products contains triplets atδ 28.6 (J )
19.9 Hz) and 20.0 ppm (J ) 19.8 Hz); the2H NMR spectrum
shows two peaks at 1.72 and 1.66 ppm [reference CDCl3 (7.26
ppm)]; satisfactory nominal [m/z 284 for C16H30DO2Si (M+ -
i-Pr)] and high-resolution mass spectra (calcd for C16H30DO2-
Si 284.2156, found 284.2135) were also obtained. Formation
of these two products can easily be explained by initial
production of17, which undergoes the 1,5-hydrogen transfer
to afford 18.15,16 Subsequent 1,5-deuterium shift would take
place readily in these radical intermediates due to the greater
stability of the resultingR-iminium radicals19and20. Finally,
reduction by DCB•- (see also15 f 16) accounts for another
experimental finding that the sensitizer operates catalytically
and can be recovered in excellent yield.
With regard to the reaction of the bicyclic cyclopropane12,

it would be more susceptible than monocyclic compounds (e.g.,
3, 5, 6, 8, and10) to ring opening, since this process should be
facilitated by relief of the additional ring strain. The surprising
lack of the ring-opened product can best be attributed to fast
re-closure (see, for example,14f 3•+ or 5•+), where the 1,5-
hydrogen transfer is inoperative, rather than potential poor
overlap between the amine radical cation and the C-C bond
of the cyclopropane ring. Similarly, a low level of conversion
in the presence of Cu(OAc)2 is likely due to inefficient trapping
of the â-iminium carbon radical by Cu(II), compared to fast
ring closure.17 The reversible nature of3•+ or 5•+ a 14 is
confirmed by the oxidation experiment of10, where isomer-
ization took place concomitantly.
In summary, cyclopropylamine cation radicals, which are

readily prepared by photooxidation of tertiary aminocyclopro-
panes, undergo facile ring opening, followed by 1,5-hydrogen
shift(s), to afford the ring-opened ketones after hydrolysis. This
overall transformation allows utilization of aminocyclopropanes
as synthetic equivalents of homologous enamines. Moreover,
the present work might suggest a significant difference in
inhibition of cytochrome P-450 and monoamine oxidase by
primary and tertiary aminocyclopropanes, because internal
hydrogen transfer would accompany ring opening of the radical
cations derived from the latter compounds, but not from the
former. Search for a more efficient method for opening tertiary
amino[n.1.0]bicycloalkanes is currently under way,17balong with
applications to natural product synthesis.
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