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Although vinylnitroso compounds2 have been known for many
years, and are easily generated from cyclic and acyclicR-haloke-
toximes1 (Scheme 1), these highly reactive, unstable species have
found relatively little use in organic synthesis.1 The primary
applications to date of vinylnitroso compounds have been as
heterodienes in both inter- and intramolecular [4+2]-cycloadditions
with olefins to produce 5,6-dihydro-1,2-oxazines.1,2 However, there
are widely scattered examples in the literature of intermolecular
conjugate additions of a variety of hetero and carbon nucleophiles
to vinylnitroso compounds in a Michael-type process to produce
adducts3 in good yields. Among the hetero nucleophiles which
have been used are amines, alcohols, azide, phosphines, and various
thio compounds.1 Carbon nucleophiles that have been added to
vinylnitroso compounds include inter alia electron rich arenes and
heteroarenes,3 malonates,4 1,3-diketones,â-ketoesters, Grignard
reagents,4 acetylides,4,5 and simple ketone enolates.6 Thus, it has
been documented that these compounds can act as enolonium ion
equivalents.7 In this communication, we describe the first examples
of intramolecular Michael-type conjugate additions of carbon
nucleophiles to vinylnitroso compounds.8

Our plan for the preparation of the requisite substrates to test
the feasibility of this process was to rely on two key reactions
developed in these laboratories, namely, ring closing metathesis of
vinyl chlorides9 and the regioselective conversion of vinyl chlorides
to R-chloroketones with sodium hypochlorite.10,11 Thus, easily
prepared chlorodiene4 (see Supporting Information) was exposed
to the second generation Grubbs ruthenium metathesis catalyst in
hot toluene, leading to the cyclized vinyl chloride malonate5 in
high yield (Scheme 2). Subsequent treatment of this intermediate
with 10% aqueous sodium hypochlorite in a 5:2 mixture of acetone/
glacial acetic acid at 0°C for 30 min affordedR-chloroketone6 as
a ∼1:1 mixture of diastereomers. It was found after some
experimentation that the optimal way to generate the vinylnitroso
species was from the corresponding O-silyloxime as developed by
Denmark and co-workers.2 Therefore,R-chloroketone6 was first
transformed into oxime derivative7 with commercially available
O-TBS hydroxylamine. Compound7 is a complex mixture of
diastereomers, including oxime geometric isomers.

Because vinylnitroso compounds are so unstable, we decided it
would be prudent to first form the tethered nucleophile prior to
generating this reactive species. Thus, for the pivotal cyclization
step, it was best to initially deprotonate the malonate7 with sodium
hexamethyldisilazide in THF at low temperature, followed by
addition of tetrabutylammonium fluoride,2 leading to formation of
the desired [3.2.1]-bicyclic oxime diester9 in nearly quantitative
yield. Other bases such as sodium hydride or LDA gave poorer
yields of cyclization product. Compound9 is a single stereoisomer
with the (E)-oxime configuration, as confirmed by X-ray analysis.
We believe this cyclization occurs via the transient vinylnitroso
intermediate8. It should be noted that all attempts to directly cyclize
chloro O-TBS oximes like 7, as well as the corresponding

R-chloroketones6, to the corresponding bridged systems by base
treatment alone gave no reaction, thereby lending support to the
intermediacy of a vinylnitroso compound in the cyclization event.

Although the oxime functionality in compounds like9 can
potentially be used in a variety of ways (e.g., Beckmann rearrange-
ment, reduction, etc), one useful transformation is to produce the
corresponding ketone. The conversion of9 to 10 could be
conveniently effected using Dess-Martin periodinane.12

This strategy has been extended to prepare other types of ring
systems as outlined in Table 1. We have previously reported that
the vinyl chloride metathesis methodology is successful in forming
5-, 6-, and 7-membered rings.9 Thus, the cyclopentenyl system
shown in entry 1 was processed via the chemistry described in
Scheme 2 to afford the corresponding bicyclo[2.2.1]-oxime.
Similarly, the cyloheptenyl system (entry 2) could be used to form
a bicyclo[3.2.2]-oxime ring system. A regioisomer of the vinylni-
troso compound8 was generated as shown in entry 3 to yield a
[2.2.2]-bicyclic oxime. In addition, we have found that fused ring
systems can be produced in good yield by this strategy, as
exemplified by the [5.5]-compound in entry 4. In all cases except
for the cycloheptenyl-derived product, the oximes proved to be
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single geometric isomers, although the stereochemistry has not been
definitively established.

Finally, we have briefly explored the feasibility of employing
carbon nucleophiles other than malonates in these cyclizations.
Thus, monoester O-TBS oxime 11 was first enolized with
potassium hexamethyldisilazide, followed by treatment with TBAF,

to give a mixture of three [2.2.1]bicyclic oxime esters12, 13, and
14 (∼8:7:10 ratio) in high total yield (Scheme 3). One oxime
geometric isomer of theanti ester (12 or 13) can be isolated in
pure form by chromatography, but14 and the otheranti isomer
(12 or 13) were obtained as an inseparable mixture.

In conclusion, we have demonstrated that intramolecular con-
jugate additions of carbon nucleophiles toin situ-generated vi-
nylnitroso compounds provides a novel approach to a wide array
of highly functionalized bridged and fused ring systems. Work is
currently underway on extending this methodology to formation
of other types of ring systems. We are also actively investigating
the use of a broader range of carbanions, as well as hetero-
nucleophiles, in these cyclizations and intend to apply the chemistry
to synthesis of complex molecules.
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Table 1. Synthesis of Bridged and Fused Systems via
Intramolecular Vinylnitroso Conjugate Additionsa,b

a Reactions were conducted using small modifications of methodology
described in Scheme 2. Detailed experimental procedures can be found in
the Supporting Information.b Yields are unoptimized.

Scheme 3

C O M M U N I C A T I O N S

J. AM. CHEM. SOC. 9 VOL. 129, NO. 34, 2007 10343


