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So-called nucleophilic carbenes are intriguing reactive inter-
mediates that have attracted considerable attention in recent
years due, in large measure, to their unusual reaction charac-
teristics, which have been attributed to resonance stabilization
of the singlet state by donor substituents.1 It is noteworthy that,
in spite of their attractive reactivity profiles, these species have
rarely been employed in synthetic applications.1 In this paper
we report a novel reaction pathway between dimethoxycarbene
and isocyanates that efficiently delivers structurally elaborate
hydroindolone products.
The [1+ n] cycloaddition represents an appealing method

for ring construction that has been effectively deployed in a
number of contexts,2 and dimethoxycarbene (1), a typical
nucleophilic carbene,1g offers the potential for serving as a novel
example of a carbonyl 1,1-dipole equivalent, which are currently
relatively rare species.3,4 Typically these reactive intermediates

have been generated by thermolysis of norbornadienone acetals5

or by photolysis/thermolysis of dimethoxydiazirines.1g,6 More
recently, Warkentin has introduced the thermolysis of 2,2-

dialkoxy-∆3-1,3,4-oxadiazolines (2) as a mild alternative method
into these species.7

Vinyl isocyanates have recently been shown to be versatile
“1,4-dipole” equivalents in various [2+ 4] and [1 + 4]
cyclization protocols,8 and it was envisioned that dimethoxy-

carbene, in combination with these substrates, could provide a
new method for rapidly accessing highly functionalized pyr-
rolinone derivatives. To date, however, all reported reactions
between nucleophilic carbenes and isocyanates have afforded
only hydantoin-type products that have been produced by the
addition of two isocyanate molecules to one equivalent of
carbene.5,7

We now report that vinyl isocyanates react with dimethoxy-
carbene through an entirely different reaction channel to afford
2:1 adducts in which one isocyanate combines with two carbene
units in a carbocyclization event. Thus heating 1-isocyanato-
cyclohexene with excess carbene precursor2 (3 equiv) in
refluxing xylene afforded functionalized hydroindolone3a9 in
good yield accompanied by only a trace of the dimethoxyhy-
dantoin(4). The presence of the nitrogen substituent in3a is
noteworthy. It is presumed that addition of the second equiva-
lent of carbene occursVia a fast NH insertion subsequent to
ring formation, since the 1:1 adduct3b9 can be isolated in low
yield when only a stoichiometric amount of2 is employed in
the reaction.
Structurally elaborate vinyl isocyanates have been found to

be useful reaction partners in this new [1+ 4] process. For
example, substituted systems such as5 and7 afford quite good
yields of hydroindolone products6 and8, respectively. The
results in eq 3 are particularly noteworthy in that the Curtius
rearrangement of the acyl azide intermediate as well as the
cycloaddition can be performed in one operation by directly
heating a mixture of acyl azide7 and carbene precursor2. The
successful reaction of acyl azide7 also demonstrates that
quaternary carbon centers can be generated with facility using
this methodology. Acyclic isocyanates are also viable partners
in this reaction process (eq 4). From these results, it is clear
that the cyclization of dimethoxycarbene and vinyl isocyanates
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is a general process with significant potential for organic
synthesis applications.

Interestingly, the mixed N/O-substituted carbene species
derived from oxadiazoline117a initially provided a complex
mixture of products when heated for an extended period at 100
°C with the parent cyclohexenyl isocyanate in toluene. How-
ever, performing the same reaction in refluxing xylene resulted
in a mixture of products from which hydroindolones12and13
could be isolated in modest yields (eq 5). It is noteworthy that
both of these adducts arise from 1:1 addition processes. This
observation is in contrast to the reaction pathway typically
followed by dimethoxycarbene as described above.
The synthetic utility of the hydroindolones isolated from these

reactions is critically dependent on the ability to selectively
manipulate one of the two quite similar dimethoxy acetal
functions present in the products. Preferential removal of the
nitrogen substitution without jeopardizing the protected isatin-
like carbonyl function is particularly desirable. This can be
achieved in high yield as outlined in eq 6.
To illustrate the utility of dimethoxycarbene-based [1+ 4]

cyclization in complex synthesis, rapid entry has been achieved
into an advanced intermediate that could be employed in the

synthesis of the Amaryllidaceae alkaloid, tazettine,10 or the
related mesembrine alkaloids (eq 7).11 Palladium-mediated

coupling12 between the readily available vinyl triflate15 (from
the correspondingâ-ketoester13 ) and the arylstannane169 (from
the known bromide14 ) afforded ester179 in high yield. Routine
ester saponification and Curtius rearrangement of the corre-
sponding acyl azide gave the vinyl isocyanate intermediate,
which upon heating in the presence of excess oxadiazoline2
afforded the hydroindolone189 in 45% overall yield (58% for
the cycloaddition step). It is noteworthy that efforts to effect a
similar transformation using a wide range of insertion reactions,
including isocyanide cyclization,4a failed, demonstrating that
dimethoxycarbene-based [1+ 4] cyclization is an advance over
existing technology in this area. With compound18 in hand,
routes to a number of alkaloid targets can be envisioned, and
these are being pursued at this time.
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