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Summary: In contrast to results with Rhy(OAc),, good
yields of ylide-derived [1,2]-shift (or in some cases [1,4]-
shift) products were obtained upon treatment of amino
diazo ketone substrates 3b,c and alkoxy diazo ketone
substrates 5b,c with soluble Cu(Il) catalysts.

The generation and rearrangement of cyclic ylides from
diazocarbonyl precursors has evolved as an important
strategy in heterocycle and carbocycle synthesis.? We
have sought to develop this methodology in conjunction
with the Stevens [1,2]-shift® of ammonium? and oxonium®
ylides, furnishing amino acid derivatives, functionalized
tetrahydrofuranones, piperidones, and medium-sized car-
bocycles. While attractive in its simplicity and direct-
ness, this approach is sometimes complicated by alter-
native pathways available to the metal carbenoid pre-
cursors, such as C—H insertion.’ We report here ex-
amples where drastic reactivity differences between
rhodium and copper carbenoids are observed, leading in
several cases to entirely different products with different
catalysts. In particular, soluble copper catalysts furnish
much greater amounts of ylide-derived products, includ-
ing heretofore unreported oxonium ylide [1,4]-shift prod-
ucts.

It was expected that Rhy(OAc)s would be unsuitable
as a catalyst for the intermolecular addition of diazocar-
bonyl compounds to tertiary amines,* due to saturation
of empty sites on the Rh—Rh dimer by excess amine.
However, we were surprised to find that intramolecular
examples employing diazo esters 1 also proceeded poorly
(eq 1).8 On the basis of the intermolecular precedent, we
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examined several copper-based catalysts.” In the event,
substrates 1 were cleanly converted to morpholones 2 in
high yield with any of the copper catalysts. In some cases
(e.g., R = H), only copper(Il) acetylacetonate (Cu(acac)s)
furnished the [1,2)-shift product in acceptable yield.®
Given the large catalyst differences observed in the
morpholone series, we decided to reexamine several other
substrates for which ylide formation has proven ineffec-
tive with Rhy(OAc), catalysis. While all catalysts were
surveyed with each substrate, for the sake of brevity only
those cases showing the most profound catalyst effects
are discussed below.

In the earlier study of cyclic ammonium ylides, the
method seemed applicable only to cases proceeding via
six-membered ylide intermediates, such as 3a (eq 2).*
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Attempts to apply identical conditions to substrates 3b,c
with one or two additional methylene units in the linker
met with little success (Table 1, entries 3 and 5). Not
surprisingly, intramolecular C—H insertion to give cy-
clopentanones (e.g., 4d) appeared to be the major path-
way in these cases. Examination of the same examples
with Cu®, Cu(acac), copper(Il) trifluoroacetylacetonate,
and copper(Il) hexafluoroacetylacetonate (Cu(hfacac)y)
led to modest reductions in the yield of piperidone 4a but
significant improvement in the conversion of homologous
substrates 3b and 3¢ to the corresponding azapinone 4b
and azocinone 4¢. Most notably, Culacac)s furnished 4b,c
in 58—61% (entries 4 and 6), suggesting a remarkably
efficient and selective capture of the copper carbenoid by
amine to give a medium-sized cyclic ylide in preference
to other carbenoid pathways.
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Table 1. Formation and [1,2]-Shift of Cyclic Ylides®

yield®
entry substrate condns® products (%)
1¢ 8a Rhy(OAc)y/CH2Cly/rt 4a 99
2 3a Cu(acac)y/PhCHg/reflux 4a 69
3 3b Rhg)OAc)y/CHoCly/rt 4b 35
4 3b Cu(acac)y/PhCHg/reflux 4b 61
5 3¢ Rh2(0Ac)y/CHCly/rt 4c 0
4d 61
6 3¢ Cu(acac)y/PhCHy/reflux 4c 58
7¢ 5a Rha(0OAc)y/CH2Cly/rt 6a 65
8 Ba Cu(hfacac)o/CHzClo/reflux 6a 24
10a 6
9 5b Rho(0Ac)/CHCly/rt 6b 16
7 47
10 5b Cu(hfacac)s/CH3Clyo/reflux 6b 35
7 6
10b 24
11f 5¢ Rhy(0Ac)y/CHCly/rt 8 10
9 40
12 5¢ Cu(hfacac)2/CHzClo/reflux 6¢c 95

2 See eq 2 and Scheme 1. All substrates were tested with all
catalysts; cases showing intermediate effects have been omitted.
b Catalyst amounts: 3 mol % of Rha(OAc) and 5 mol % of Cu(acac)e
(ammonium ylides) or 15 mol % of Cu(hfacac), (oxonium ylides).
¢ Isolated yields after chromatography. Satisfactory IR, H and
13C NMR, and combustion analysis or HRMS were obtained for
all substrates and products. ¢ Previously reported in ref 4a.
¢ Previously reported in ref 5a. f Previously reported in ref 5b.
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We had also encountered examples in the oxonium
ylide series which underwent C—H insertion in prefer-
ence to ylide formation under Rh(II) catalysis.5'% For
example, cases proceeding through five-membered cyclic
oxonium ylides (e.g., 5a) typically led to good conversion
to tetrahydrofuranone [1,2]-shift products such as 6a
(Scheme 1, Table 1). On the other hand, homologous
substrate 5b underwent predominant C—H insertion to
give 3-(benzyloxy)cyclopentanone (7) and only minor
amounts of ylide-derived product 6b.5¢ In the case of 5c,
although a five-membered oxonium ylide intermediate
was available to the carbenoid, it yielded only C—H
insertion products 8 and 9.5 The latter result was

(10) Preliminary experiments with other Rh(II) catalysts, such as
Rhg(caprolactam); and Rhy(pfb),, furnished less ylide-derived product
that with Rhy(OAc),.
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rationalized in terms of equilibration between ylide and
carbenoid, with slow homolysis and [1,2]-shift by the
ylide.

Strikingly different results were obtained with copper
catalysis. Diazo ketone 5a furnished modest yields of 6a,
along with varying amounts of a new product, 10a,!
arising from [1,4]-shift of the ylide benzyl group. Im-
portantly, with Cu(hfacac);, 5b gave a combined 59%
yield of ylide-derived products 6b and 10b and only minor
amounts of C—H insertion product 7 (entry 10). The
most extreme example of catalyst dependent reactivity
was seen with 5c¢ (entries 11 and 12). Thus, while
Rhy(OAc)4 catalysis led to only C—H insertion products 8
and 9, Cu(hfacac): furnished only benzocyclooctenone
[1,2]-shift product 6¢ in 95% yield.

The drastic catalyst differences seen here may result
from a variety of factors. The reputedly greater electro-
philicity of copper carbenoids”® may work in concert with
a diminished propensity for C—H insertion!? to favor ylide
formation. Optimal results with Cu(acac); for the forma-
tion of ammonium ylides, and with the somewhat more
electron-deficient Cu(hfacac); for oxonium ylide forma-
tion, suggest that fine-tuning of metallocarbene electro-
philicity is necessary with variation of heteroatom nu-
cleophilicity.!® Equilibration between ylides and Rh—
carbenoids has been previously suggested,?5 and it is
possible that ylide to carbenoid reversal may be less
favorable in the case of Cu—carbenoids. Isolation of
oxonium ylide [1,4]-shift products is unprecedented, and
the significant quantities of 10a,b formed are less easily
explained. We assume that 10 derives from the same
ylide and radical pair intermediates that lead to 6,54
but with recombination at oxygen instead of carbon!5:16
(Scheme 2, path a). Importantly, however, radical ho-
modimers were not isolated in any of the copper-catalyzed
cases, in contrast to earlier Rhy(OAc), examples. Thus,
an alternative, metal-assisted mechanism (path b) must
also be considered in these cases.!” Regardless of mecha-
nism, it is not surprising that the [1,4]-shift product
derived from 5c¢ was not observed, as it would experience
significant strain due to the presence of a bridgehead
alkene.

In summary, we have described a number of w-amino
or w-alkoxy diazo ketone substrates whose reactivity
upon diazo decomposition is highly sensitive to catalyst
choice. Use of homogeneous Cu(Il) catalysts greatly
enhances the production of products derived from cyclic
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ammonium and oxonium ylides. As a consequence,
solutions are now in hand to several unsuccessful cases
which had previously suggested significant limitations
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to this methodology. Medium-sized azapinone and azo-
cinone rings can be obtained in good yield from acyclic
precursors. The undersirable C—H insertion pathway
can be substantially or totally suppressed in favor of
oxonium ylide formation, most notably in the case of 5¢,
and unprecedented amounts of [1,4]-shift products were
observed. Studies are underway to understand the
origins of these dramatic catalyst effects, and to apply
them in the synthesis of natural products.
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