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ABSTRACT

Styryldiazoacetates are effective reactants for ylide formation that results in the formation of dihydropyrroles and dihydroazepines with high
stereocontrol and in high yields.

The chemistry of carbonyl ylides is an area of continuing
interest, especially when their generation occurs by catalytic
decomposition of diazo compounds,1-3 and similar processes
of imminium (azomethine) ylides have long been important
for the construction of heterocyclic compounds.4,5 Ylide
reactions occur via mechanistically well-defined inter-
molecular or intramolecular cycloaddition processes (Scheme
1), and these transformations are well-entrenched in organic
methodologies. Less well-known are electrocyclic reactions

of ylide intermediates, and they are virtually nonexistent for
ylides derived from diazocarbonyl compounds.6,7

However, we recently reported stereospecific ring closure
of phenyldiazoacetate-derived carbonyl and imminium ylides
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to form epoxides and aziridines, respectively, in high yield.8

Rhodium(II) acetate catalyzed reactions of phenyldiazo-
acetate with an equivalent amount of aldehydes produced
(Z)-epoxides as the sole reaction products (eq 1), whereas

with an equivalent amount of imine the sole product was
the (E)-configured aziridine. Epoxidation occurred even when
extended conjugation, with cinnamaldehydes and/or styryl-
diazoacetates, would have allowed the formation of five- or
seven-membered rings. Given the facility with which these
reactions occur and their apparent stereospecificity, we have
continued our investigations. Prompted by a recent report
that both dihydrofurans and oxiranes are formed nonste-
reospecifically from vinylcarbonyl ylides (Scheme 2),9 we

now report the extension of ylide transformations with
styryldiazoacetates to five- and seven-membered ring het-
erocycles with high or complete stereocontrol.10

The first indication of the extension of this methodology
beyond epoxidation and aziridation occurred in the reaction
of methyl styryldiazoacetate withp-nitrobenzaldehyde, in
which case 43% of the reaction products was dihydrofuran
3 having only thecisstereochemistry, as determined by NOE
(eq 3). Here a pronounced electronic effect that allows
leakage of the intermediate ylide to the dihydrofuran would
seem to be operative. In agreement, use of 2,4-dinitrobenz-
aldehyde gave2:3 in a 33:67 ratio (71% yield). Control
experiments established that3 did not arise from2 under

the reaction conditions. Thus, increasing electron withdrawal
from the carbonyl group directed product formation to
dihydrofuran3 in preference to oxirane2 presumably through
carbonyl ylide intermediates4 (syn and anti). When the
catalyst used was the chiral dirhodium(II) tetrakis[methyl
4(S)-azetidinonecarboxylate], Rh2(4S-MEAZ)4,11 reaction of
methyl styryldiazoacetate withp-nitrobenzaldehyde gave
oxirane and dihydrofuran products2b:3b in a ratio of
70:30, which was considerably different from the ratio of
the same products formed with Rh2(OAc)4 catalysis.

In contrast to results with aldehydes, those with benz-
alanilines give only dihydropyrroles (eq 4, Ar) p-NO2C6H4).

Here bothcis and trans isomers of5 are observed, but the
trans isomer is, by far, in excess over thecis isomer. These
results and those with benzaldehyde are consistent with the
preferred structures of the intermediate ylides and their
electrophilic reactions. Thus, for example, the higher yield
of t-5 is likely to be a result of the preference for6 over 7
(Scheme 3), and the absence of aziridine product is seen to
be a result of the relative absence of ylide8 as a result of
steric preferences. That only thecis isomer of3 is formed
in the carbonyl ylide transformation is assumed to be due to
the absence of the intermediate geometry analogous to6.
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Extending conjugation in the intermediate ylide allowed
access to seven-membered ring heterocycles. As anticipated
from results described in eq 3, reaction of styryldiazoacetate
with p-nitrocinnamaldehyde gave a mixture of products in
which oxirane10, dihydrofuran11, and oxepine12 were
formed in competition (eq 5). For each, only one stereoisomer

was formed (g20:1). In reactions of methyl phenyldiazo-
acetate with cinnamaldehyde only oxirane10awas obtained,
indicating once again the existence of a pronounced elec-
tronic effect.

To ascertain the cause of formation of11 and 12, the
reaction of methyl stryryldiazoacetate withp-nitrocinnam-
aldehyde was investigated in greater detail using different
catalysts and various reaction conditions. At a reaction time
of 1 h, 12bwas virtually absent, but there was a measurable
amount of11b [e.g., 74%10b, 22%11b, 4%12busing Rh2-
(4S-MEAZ)4, and 82%10b, 16%11b, and 2%12b using
Davies' Rh2(S-DOSP)4 catalyst].12 When isolated10b was

heated at reflux in dichloromethane, there was complete and
quantitative conversion to11b and 12b within 24 h (57%
11b, 43%12b), and the presence or absence of rhodium(II)
acetate had no influence on this transformation (rate or
product selectivity). Furthermore,11b and 12b were not
interconvertable under the same conditions, the composite
results indicating that10bwas transformed to an intermediate
ylide from which both11b and 12b were produced (ther-
modynamic control) but that the initially formed ylide
provided both10b and11b (kinetic control).

With imines derived from cinnamaldehydes, catalytic
reactions with styryldiazoacetate resulted in a mixture of
dihydropyrroles14and dihydroazepines15, each as only one
stereoisomer (eq 6). As with eq 4 no trace of aziridine

product was evident. These results are consistent with the
preferred structures of the intermediate ylides and with their
electrocyclic reactions (Scheme 4).

The absence of thetrans isomer for14 corresponds to a
regiospecific conversion of16 into 15, and of course,14
can only be formed from17. Whether or not14 and15 are
generated by initial aziridine formation followed by its
conversion to14 and15 could not be ascertained, as it was
for dihydrofuran and oxepines formed from cinnamaldehydes
(eq 5).

The distribution of product between14 and 15 was
invariant with catalyst but could be modified substantially
by the presence of a methyl group at the 3-position of the
reacting imine. We reasoned that this structural modification
would decrease the stability of17 relative to16. In this case
the sole product, formed in 73% isolated yield, was dihy-
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droazepine19 (eq 7, Ar) p-NO2C6H4) whose X-ray crystal
structure (Figure 1) confirmed this geometry.13,14

Several processes have been used to form azomethine
ylides suitable for 1,7-electrocyclization. Noguchi and co-
workers have employed acyclic and heterocyclic aldehydes
and their imines bearing (alk-2-enyl)amino moieties at
neighboring positions to generate azomethine ylides.15 Buta-
dienyl pyridinium ylides and butadienylaziridines have also
been used.16 Each involves deprotonation to reach the

azomethine ylide. The concise methodology of ylide trans-
formations, including their use in dipolar addition reactions,17

using catalytic diazo decomposition of vinyldiazoacetates has
the potential of being far more versatile than previously
described processes.
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(13) Crystal data for19: C27H24N2O4, Mr ) 440.48, monoclinic, space
groupP2(1)/nwith a ) 11.131(2),b ) 16.910(4),c ) 12.432(3) Å,b )
109.575(4)°volume) 2204.8(8) Å3, Z ) 4, Fcalc ) 1.327 mg/m3, F(000)
) 928. Colorless block (0.10× 0.17 × 0.17 mm3). Data were collected
out to 2θ ) 60° by an ω-scan technique (0.2°ω scan) and an exposure
time of 30 s on a Bruker SMART 1000 CCD detector X-ray diffractometer
at 170(2) K using graphite Mo KRradiation (λ) 0.71073 Å). A total of
22,795 reflections were integrated and retained, of which 4624 were unique.
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atoms were located in the difference map and given thermal parameters
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SHELXS in the Bruker SHELXTL (version 5.0) software package.
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Figure 1. Crystal structure of19 (Ar ) p-NO2C6H4) with selected
bond lengths [Å] and angles [deg]: N1-C7 1.410(5), N1-C2
1.428(5), C2-C3 1.325(5), C3-C4 1.496(5), C4-C5 1.565(5),
C5-C6 1.511(5), C6-C7 1.329(5), C7-N1-C2 118.6(3), C3-
C2-N1 120.8(4), C3-C4-C5 109.6(3), C6-C5-C4 114.2(3),
C7-C6-C5 127.5(4).
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