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Receied June 24, 1997 Allylic oxonium ylides, generated by dirhodium(ll) acetate

The reactions of ylides generated by catalytic diazo decomposi- catalyzed decomposition of diazocarbonyl compounds in the
tion in the presence of Lewis bases (B:) are generally believed Presence of allyl methyl ethers, undergo [2,3]-sigmatropic re-
to occur from the free ylide rather than from the metal-associated arrangement with a high degree of diastereocontroWith
ylide (Scheme 1)-5 As a result there has been a reluctance to ¢innamyl methyl ether and ethyl diazoacetate (EDA), the pre-
investigate methodologies for ylide formation that employ chiral dominant ylide-derived product is the erythro isoraér (eq 1,
catalysts because the free ylide will produce racemic product. "elative stereochemistry is indicated); intermolecular cyclopro-
Recently there have been indications that metal-associated ylided?@nation is competitive, and the ratio of products derived from
could be the product-forming intermediates in selected transfor- Ylide rearrangemensj to cyclopropanationg) is 73:27. How-
mations. McKervey, McCann, and co-workers have reported that

1 could be formed in up to 60% ee by [2,3]-sigmatropic
rearrangement of the oxonium ylide formed in an intramolecular
reaction of diazoketoest@ with a chiral dirhodium(ll) carbox-
ylate catalyst§,and Hodgson has expanded upon this methodol-
ogy with results at the 53% ee levelUemura has recently
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communicated that a chiral copper(l) bis-oxazoline and a dirhod-

ium(ll) carboxamidate were successful in intermolecular ylide
generation/[2,3]-sigmatropic rearrangement with a sulfonium or
selenonium ylide leading t8, where ee values of £341% were
described (diastereomeric ratio2:1)8 Katsuki found up to 64%

ee with a similar system using a chiral cobalt(lll) salen catdlyst,
and Clark reported asymmetric induction up to 56% ee in
intramolecular oxonium ylide formation froshfollowed by [2,3]-
sigmatropic rearrangemelt. However, in each of these cases

the asymmetric transformation could have arisen from the free

ylide after dissociation of the metal but before configurational

inversion at the onium center. Jacobsen has reported asymmetri

induction up to 67% ee for Cu(l)L*-catalyzed aziridine formation
with benzylideneanilines and ethyl diazoacetate (EDA) from
proposed azomethine ylidéswhere a free ylide intermediate is

improbable. Our investigations have focused on oxygen an

halonium ylides, and we now present results which require that

(1) Padwa, A.; Hornbuckle, S. Ehem Rev. 1991 91, 263.

(2) Doyle, M. P. InComprehensie Organometallic Chemistry;IHegedus,
L. S., Ed.; Pergamon Press: New York, 1995; Vol. 12, Chapter 5.2.

(3) Ye, T.; McKervey, M. A.Chem Rev. 1994 94, 1091.

(4) Padwa, A.; Weingarten, M. BChem Rev. 1996 96, 223.

(5) Nakai, T.; Mikami, K.Org. React (N.Y.) 1994 46, 105.

(6) (2) McCarthy, N.; McKervey, M. A.; Ye, T.; McCann, M.; Murphy,
E.; Doyle, M. P.Tetrahedron Lett1992 33, 5983. (b) Pierson, N.; Fetneez-
Garcia, C.; McKervey, M. ATetrahedron Lett1997 38, 4705.

(7) Hodgson, D. M.; Stupple, P. A.; Johnstone T@trahedron Lett1997,
38, 6471.

(8) Nishibayashi, Y.; Ohe, K.; Uemura, $.Chem Soc, Chem Commun
1995 1245.

(9) Fukuda, T.: Katsuki, TTetrahedron Lett1997 38, 3435.

(10) Clark, J. S.; Fretwell, M.; Whitlock, G. A.; Burns, C. J.; Fox, D. N.
A. Tetrahedron Lett1998 39, 97.

(11) Hansen, K. B.; Finney, N. S.; Jacobsen, EANgew Chem, Int. Ed.
Engl. 1995 34, 676.

S0002-7863(97)02095-7 CCC: $15.00

Z
N>CHCOOE;
Ph -~ -OMe _N2CHCOOE! /(/coosx .

7
COOEt (1)
PH

ML, Ph H
CHaCl, OMe OMe
5E 5T
Rh2(OAc)4 83 17
Rhy(4S-MEOX) 4 15 (94% ee) 85 (98% ee)
Rhy(4 RB-MEOX) 15 (94% ee) 85 (98% ee)

ever, with the use of the chiral catalysts dirhodium(ll) tetrakis-
[methyl 2-oxooxazolidine-4 R and S-carboxylate], RK(4R-
MEOX), and RR(4SMEOX), (7),* diastereoselectivity is reversed,
competition from cyclopropanation is diminished (5:689:11
with 7) and each of the ylide-derived diastereoisomers is formed
with exceptionally high enantiocontrol, independent of the molar
ratio of reactanty? Using Cu(CHCN),PRy/chiral bis-oxazoline
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8,15 diastereoselectivity was like that with CuPRlone or
hy(OAC),, but enantioselectivity was low<6% ee5E, 27% ee
T). Intermediate selectivities were found with other dirhod-

ium(ll) catalysts. Isolated yields d& are lower in reactions

catalyzed by R{MEOX), (32%) or CuPk8 (38%) than in those

d catalyzed by RiOACc), (67%) when performed under the same

conditions!®

Enantiocontrol in intramolecular ylide formation/[2,3]-sigma-
tropic rearrangement is exemplified by results wdtieq 2). In
reactions catalyzed by Cu(GEN),PR/8 a 13-membered ring
oxonium ylide is formed with high chemoselectivity (8:1 ylide:
cyclopropanation) and undergoes stereocontrolled internal [2,3]-
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sigmatropic rearrangeméntto form 10, solely as the cis
stereoisomer, in 35% isolated yield and 65%%d&he use of7
in place of CuPK8 did not producelO in significant amounts.

As in prior evaluations of enantiocontrol for catalytic ylide
generation and [2,3]-sigmatropic rearrangenfént? the pos-
sibility exists that even the extraordinary enantiocontrol achieved
with Rhy(MEOX), catalysts in eq 1 could have arisen from the
free ylide that possessed a memory for its source. This would
not be the case if asymmetric induction could be achieved from
allyl iodide, which is highly selective for ylide generation in
reactions catalyzed by RIDAc),'® and whose “free” ylide is
achiral. Consequently, we have treated allyl iodide with EDA
in the presence of chiral dirhodium(ll) and copper(l) catalysts
and have obtained the expected ylide rearrangement pradiict
(eq 3) in catalyst-dependent % ee values (Table 1).
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Isolated yields of 11 were low with chiral dirhodium(ll)
carboxamide catalysts RASMEOX),, Rh(4R-MEOX),, and
Rh(4S-MPPIM) (12—15% yield after distillation), but the only
detectable byproducts were those from carbene dimer formation.
Isolated yields improved with the use of chiral dirhodiumtéit-
butylbenzenesulfonyl-prolinate catalyst, RBu-(S)-ProY-?! but
enantiocontrol was considerably diminished (4% ee). However,
with CuPR/8 both the isolated yield of1 (62% after distillation)
and enantiocontrol (69% ee) were sufficiently high to be con-
ceptionally significant and synthetically meaningful. Similarly,
CuPFRy/8 caused the formation dflbin 67% isolated yield with
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Table 1. Enantiocontrol in Catalytic Ylide Generation/
[2,3]-Sigmatropic Rearrangement with Allyl lodide/Ethyl
Diazoacetate

catalyst [allyl iodide]:.[EDA] 1ladimer 1la(% ee}
Rhy(OAC), 4:1 98:2
Rhy(tBu-(S—Pro), 2:1 67:33 4
Rh(4SMEOX),4 4:1 20:80 39
Rhy(4R-MEOX), 4:1 18:82 39
Rh,(4SMPPIM), 4:1 17:83 12
CuPR/8 4:1 100:0 69

aRatio of11ato carbene dimers maleate and fumarafeetermined
by GC on a Chiraldex BPH column.
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37% ee, and the factors that influence this selectivity are under
investigation.

Catalyst-dependent diastereoselectivity implicates a metal-
associated ylide in the product forming st@p.The [2,3]-
sigmatropic rearrangement occurs on the metal-associated ylide,
presumably during metal dissociation in what is formally a
backside displacement reaction that involves inversion of con-
figuration (Scheme 2, E COOEt). The enantiocontrol achieved
with Ri,(MEOX), or CuPR/8 catalysts indicates the extent to
which these chiral catalysts control the approach of the nucleo-
philic reactant onto the carbene center. These results suggest that
asymmetric induction in ylide-derived processes can now be
actively pursued using chiral catalyst methodologies.
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