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Highly Enantioselective Oxonium Ylide Formation and Stevens 
Rearrangement Catalyzed by Chiral Dirhodium(ll) Carboxamidates 
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S u m m a r y :  1,3-Dioxan-5-yl diazoacetates undergo conformation dependent oxonium ylide 
generation catalyzed by chiral dirhodium(ll) carboxamidates, and Stevens rearrangement 
product(s) are formed with high chemoselectivity and with enantioselectivities reaching 88% ee. 
© 1997 Elsevier Science Ltd. 

Oxonium ylides have been made synthetically viable as a result of their catalytic generation 

from diazocarbonyl compounds. 1,2 Their most useful transformations have been [2,3]-sigmatropic 

rearrangements of allyl or propargyl ethers and [1,2]-insertions (Stevens rearrangements), 3"6 and 

several reports have recently described moderate levels of enantiocontrol or enantiomer differentia- 

tion in oxonium ylide reactions with the use of chiral dirhodium(ll) or copper(I) catalysts. 7,8 We have 

taken an alternative approach to those previously used to achieve enantioselection by employing 

symmetrical 1,3-dioxan-5-yl diazoacetates wherein diastereotopic association of the metal carbene 

at one of the two ether oxygens is the source of enantiocontrol (Scheme 1). [1,2]- 
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Insertion will occur by migration of carbon-2 to the carbenic center either after or during dissociation 

of the ligated metal. 

Diazo decomposition of 1,3-dioxane 4 in refluxing CH2CI 2 containing 1.0 mol % of chiral 

catalyst formed products from ylide generation/[1,2]-insertion (5) and carbon-hydrogen insertion (6) 

in moderate yield (eq 1). Product yields were subject to fluxuations, dependent on trace impurities. 
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Me Me H 

4 yield, % 5, % 6, % 

Rh2(5S-MEPY)4 53 a 22 (55% ee) 78 (85% ee) 
Rh2(4S-MEOX)4 46 42 (66% ee) 58 (98°1o ee) 
Rh2(4R-MEOX)4 42 41 (64% ee) 59 (99% ee) 
Rh2(4S-MPPIM)4 52 63 (65% ee) 37 (96% ee) 

aln refluxing CICH2CH2CI 

Chemoselectivity was dependent on the catalyst employed, but enantiocontrol was relatively 

unchanged through the catalyst series. However, the product from C-H insertion, which is the 

dimethyl ketal of 2-deoxyribonolactone, 9 was formed as the (S,S)-enantiomer from S-configured 

catalysts with enantiocontrol up to 99% ee, and the ylide rearrangement product 5 was obtained in 

65+1% ee and could be enriched to 98% ee by a single crystallization (10:1 hexanes: EtOAc). 10 

Obviously, ylide generation occurred from the metal carbene in the axial conformation while C-H 

insertion operated from the equatorial conformation. 
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Since 5 could only be formed from the conformation (1) in which the carbenic carbon was 

projected onto the ether oxygens from the axial position, 1,3-dioxane derivative 7 was constructed 

in order to favor this conformation. Diazo decomposition of 7 catalyzed by Rh2(4S-MPPIM)4 gave 

the ylide-derived product 8 virtually exclusively in high yield and in 81% ee (eq 2). The only by- 

product was that from C-H insertion into the equatorial ring methylene C-H bond (2% of total). With 

other chiral dirhodium(ll) catalysts, C-H insertion was more pronounced, and trace amounts of the 

spirolactone product from insertion into a methyl C-H bond were also observed, but the sum of 

these products was <15% and enantioselectivity for 8 was 80+1% ee. 
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In order to confirm the conformational requirement for chemoselective ylide formation, 

benzylidine derivative 9 was prepared and treated with the selection of chiral catalysts. As 

expected, the dominant reaction process was that from ylide formation (eq 3), but we were surprised 

0 
0 0 

Ph H CH2CI2 H 
H H 

H 
9 yield, % 10,% 11,% 

Rh2(4S-MEOX)4 72 31 69 
Rh2(5S-MEPY)4 78 12 88 
Rh2(4S-MPPIM)4 74 12 88 

(3) 

to find that the [1,2]-insertion product consisted of two diastereoisomers, one of which having 

enantiomeric excesses that were dependent on the catalyst (exo-11) and the other with % ee 

values that were relatively independent of the catalyst (endo-11). The formation of e x o - l l  is 

O O 

end~11,% e x ~ 1 1 , %  

67 (39% ee) Rh2(4S-MEOX)4 33 (33% ee) 
60 (42% ee) Rh2(5S-MEPY)4 40 (52°1, ee) 
56 (40% ee) Rh2(4S-MPPIM)4 44 (88% ee) 

consistent with a pathway for ylide rearrangement involving the production of 13 and rotation of the 

attached benzaldehyde to 14 (Scheme 2), the driving force for which is sterio interaction between 

phenyl and the catalyst in 12. That rearrangement occurs through catalyst-associated ylides is 

suggested by catalyzed-dependent enantiocontrol in the formation of exo-11. 

The facility with which oxonium ylides are formed, and evidence that the chiral metal catalyst 

remains attached to the ylide during rearrangement, suggests a new role for chiral dirhodium(ll) 

carboxamidates in catalytic asymmetric syntheses. We are investigating the uses of these catalysts 
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Scheme 2 

for other ylide transformations. 
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