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Of the transformations available to synthetic chemists, the Claisen
rearrangement arguably stands alongside the Bislider and aldol
reactions as one of the most powerful, well-characterized, and
elegant protocols for the construction of carbaarbon bonds.
The ability to control and predict stereochemical issues in these
reactions, and the acceleration of all three reactions with Lewis

acid catalysis, has led to significant accomplishments in the area Scheme 2

of asymmetric synthes&Although numerous modifications to the
Claisen rearrangement exist, the classic allylic enol ether variant
is often overlooked due to the difficulty associated with the
stereoselective preparation of allylic enol ethers as a single
stereoisomer. In particular, th&){isomer has proven exceptionally
challenging to access reliably. In conjunction with a general program
aimed toward the preparation and utilization of non-carbonyl-
stabilized diazo compoundsye have discovered a novel generation
of such acyclic Z)-enol ethers via rhodium-catalyzed elimination
of diazo alkanes prepared in situ frolM-aziridinyl imines?
Additionally, we have found that in the case of allylic enol ethers,

a subsequent thermal Claisen rearrangement occurs in good yield

and with high levels of diastereoselectivity. The result is the

development of a highly stereoselective tandem rhodium-catalyzed

Bamford-Stevens/Claisen reaction (Schemé).

As a general method to prepare non-carbonyl-stabilized diazo
compounds in situ, we chose to investigate the decomposition of
N-aziridinyl imines (also known as Eschenmoser hydrazones) in
the presence of standard rhodium(ll) catalystsThis overall
transformation would potentially render any ketone as a carbenoid
precursof To test for the influence of Rh(ll) catalysts on the in
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multiple decomposition products

Stevens elimination reaction, we turned our attention to the
development of a conceptually novel tandem process. We reasoned
that rhodium-mediated stereoselective hydride migration of the
derived diazoalkane from an allyloxy hydrazone sucH asould
produce a 1,5-diene poised for Claisen rearrangement. To our
delight, treatment of hydrazonkwith Rhy(OAc), in 1,2-dichlo-
roethane at 80C resulted in a tandem process proceeding via (A)

situ generated non-carbonyl-stabilized diazo compound, we carriedthermal decomposition of the aziridine, (B) rhodium-mediated de-

out a control experiment on hydrazoBa As illustrated in Scheme

diazotization, (C) stereoselective 1,2-hydride migratie2@:1Z:E

2, discrete reaction pathways were observed in the presence oOlsglectivity), and finally (D) thermal aliphatic Claisen rearrangement

absence of the R(DACc), catalyst. Without catalyst, multiple
decomposition products resulted from what would be considered
highly reactivecarbenechemistry. Alternatively, in the presence
of Rhy(OAc),, catalyst-mediated de-diazotization most likely

produces a rhodium-carbenoid intermediate, which attenuates the

reactivity of the species and results in a more selectarbenoid
type reaction. In the particular case of hydraz8aga 1,2-hydride
migration occurs to form enol ethér in high yield and excellent
stereoselectivity. These results are in full accord with previous
examples of carbene and metallocarbenoid hydride migrations,
wherein high levels of Z)-olefin selectivity are also foun#.

Interestingly, it appears that the stereoselectivity observed is genera
across a range of substrates, including those that generate acyclié

trisubstituted enol ethers (e.@b).
Having established the carbenoid reactivity profile of our in situ
prepared diazo compounds, as well as the catalytic Bamford
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(i.e., Scheme 11 — 2).11

With this new tandem process in hand, we have examined the
scope of the rearrangement and found that the reaction is quite
general (see Tables 1 and 2). The tandem sequence tolerates
aromatic, alkyl, and alkenyl substitution adjacent to the hydrazone
functionality. The allylic portion can be modified with numerous
substituents that produce a wide range of Claisen products. In
relevant cases, high levels of diastereoselectivity are generally
observed, and the sense of stereoinduction is consistent with the
intermediacy of a Z)-enol ether proceeding through a chairlike

fransition state. For example, rearrangement of hydraZeasults

n the formation of aldehyde3 in greater than 20:1 anti:syn
diastereoselectivity (Table 1, entry 1). In some cases (i.e., Table 1,
entries 5 and 7), thermal Claisen rearrangement of the intermediate
enol ether was sluggish; however, the rearrangement could be
accelerated at low temperature40 °C) by addition of MeAICI

to the cooled reaction mixturé.
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Table 1. The Tandem Bamford—Stevens/Claisen Reaction? cyclohexanols28 and 30 with excellent diastereoselectivity.
iy S o Viadar Alternatively, using reductive conditions (DIBAL;40 °C) for the
,Nﬁ/"h e rearrangement of the intermediat&)-enol ethers furnished the
] )Nl\,o\/\/O/ 0 gsHﬁMe 82% (>20:1) co;resp(;r_rgl)ngNurlsgfuratzd alcothol ?sdthre ;najor r()ér?';duc:j(;gble 2,
Ph H entries . Notably, o,f-unsaturated hydrazon an
NR 7 o Men 8 undergo a Bamford Stevens/Claisen/Cope rearrangement cascade
2 on )l\/o N Ph " i 87% (>20:1) (entries e?fnd 7) with excellent stereoselectivity observed for each
9 10 examplet
3 Ji/o\)%,w- i Ph'g"‘ 2% 20 In summary, we have developed a tandem rhodium-catalyzed
Ph 11 H 12 Bamford—Stevens/Claisen rearrangement sequence. The method
NR 0 P"._:.. relies on the in situ generation and presumed catalytic interception
4 ph)l\/ﬁ/%/"" " AF 79% (>20:1) of non-carbonyl-stabilized diazoalkanes to foiZjrénol ethers with
- 13 o 14 nearly complete_ stereoseleetivity, there_by est_ablishing a general
s o o HJ\(O 72% (61" route to the Z)-isomer of simple acyclic Claisen enol ethers.
15\© Lo 16 Additionally, this work further establishes the utility and feasibility
NR o of generating rhodium carbenoids from ketones. We are currently
6 on o y P o6% investigating the scope and generality of such in situ generated non-
17\/\0 ph 18 carbonyl-stabilized rhodium carbenoids for other reactions including
AR o those involving asymmetric catalysis and chemically triggered
7 Ph A 1‘;\/ﬁ H)(l)\!f\/zo 63% (7:1)? Eschenmoser hydrazone equivalents.
8 Ph °\/ﬁ/ "W % Acknowledgment. The authors wish to thank the NSF (CHE-
21 Pn 22

0135056), the Dreyfus Foundation, Merck Research Laboratories,

NR O Ph . . .
0 on O AP - 72% (1) and Abbott Laboratories for financial support.
23 pn 24
iR oo Supporting Information Available: Experimental details and
10 O Ph NF 73% (7:1)° iati ; -
2 H % characterization data for all new compounds (PDF). This material is

available free of charge via the Internet at http://pubs.acs.org.

aRhy(OAC); (1 mol %), CICHCH,CI, 130°C, 2—4 h.® R = NCH,CHPh.
¢ Diastereomer ratios determined By NMR of the crude reaction mixture.
d Subsequent treatment with WECI at —40 °C. € Rhy(OAc)s, NMP, 200 References
°C,1h.
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