Carbonyl Ylide Cycloadditions
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Carbonyl Ylides

Uncharged 1,3-Dipole
*Conjugated m-system

*Highly reactive
*Non-isolable

Generate in-situ



Carbonyl Ylide Stability
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Carbonyl Ylide Stability
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Electrocyclic Epoxide Openings
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Electrocyclic Epoxide Openings
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Retrocycloadditions - Oxadiazolines
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Retrocycloadditions - Oxadiazolines
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Retrocycloadditions - Oxadiazolines
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1,3-Elimination of Ethers
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1,3-Elimination of Ethers
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Samarium(ll) lodide Mediated Carbony!
Ylide Formation
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Carbonyl Ylides from Carbenes
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Diazirine Decomposition
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Rhodium Catalysis
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Diazocompounds and Amides/Esters

o 0
COCHN; \9 DMAD
Rh,0Ac, 00 — - 0 CO2CH;y
7
0 _0 o C0;CH;3
0
N-Phenyl Maleimide
r———
° ¢

. CO,C,H
CH Hsy
3\NK 77 COCH, n CO,CH,
M
CHN, DMAD
r
o] 0
Ny
\ N © _o NQ
N Rhy(OACc), N )\ taut. @Nl DMAD MeO,C o
- N
A © 07 ° )\o MeO,C
Me (@] ® €Ly

Padwa, A.; Stull, P. D., Tet. Lett., 1987, 28(45), 5407-5410.
Padwa, A.; Zhi, L., J. Am. Chem. Soc., 1990, 112, 2037-2038.



Diazocompounds and Aldehydes
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Diazocompounds and Aldehydes
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Diazocompounds and Ketones
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Selectivity Rationalization

FMO can explain selectivity:
HOMO dipole — LUMO dipolarophile for e- poor dipolarophiles
LUMO dipole — HOMO dipolarophile for e- rich dipolarophiles
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Polycycles Through Carbonyl Ylides
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Increase Complexity
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Ligand Effects on Selectivity
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Ligand Effects on Selectivity
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Ligand affect is unclear
However, ligand IS present during cycloaddition

Cap = caprolactamate
Pfb = perfluorobutyrate
Padwa, A.; Austin, D. J.; Hornbuckle, S. F., J. Org. Chem., 1996, 61, 63-72. Tfa = trifluoroacetate



Ligand Effects on Selectivity
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The more electron poor ligands cause the intermediate
carbene to be more electrophilic favoring formation of the
carbonyl ylide.

Padwa, A.; Austin, D. J.; Hornbuckle, S. F., J. Org. Chem., 1996, 61, 63-72.



Enantioselective Carbonyl Ylide
Cycloadditions
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Enantioselective Substrate Scope
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Asymmetric Cycloadditions from Esters
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Kitagaki, S.; et al., Tet. Lett., 2000, 41, 5931-5935.



Asymmetric Induction via a Chiral
Lewis Acid
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Suga, H.; etal., J. Org. Chem., 2005, 70, 47-56.
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R' = H: (S,S)-Pybox-hm

R' = SiBu'Mey: (S,S)-Pybox-TBSm
R' = SiBu'Ph,: (S,S)-Pybox-TBDPSm
R' = SiPhj: (S,S)-Pybox-TPSm



Asymmetric Induction via Chiral
Dipolarophile
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Applications to Total Synthesis —
Zaragozic Acid C
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Conditions: Rh,(OAc), (5 mol%), HC=CC(O)Me (3 equiv), benzene, reflux, 1 h, 72%

Overall synthesis: 30 steps, 3.7%
Carbonyl Ylide Cycloaddition:
*generates the bicyclic core
«allows for possible mid stage modifications
Nakamura, S.; et al., Angew. Chem. Int. Ed., 2003, 42, 5351-5355.



Applications to Total Synthesis —
(x)-Aspidophytine
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21 steps, 6.5% overall yield
Cabonyl Ylide Cycloaddition:
*Forms 2 new rings
*Forms 4 contiguous stereocenters (racemicly)

Mejia-Oneto, J. M.; Padwa, A., Org. Lett., 2006, 8(15), 3275-3278.



Applications to Total Synthesis —
Vindorosine

—\
R_
\_ (\ i ” 0
N~ ,\NJK/ ~~
Mé Hof oy, O Al I
- N=\N - ~, — -
CO,Me \\‘/\N r11\‘\_(0 X7y
Me  coMe
R = H: vindorosine (1)
(2)-5[x =0Bn, Y =H 6a[X=0Bn Y=H
(E}-5|X=H, ¥ =0Bn 6b| X=H Y=0Bn
0] O
A P!
Carbonyl ylide precursor is ~_ 1 Ny o~ 1)
H |I |'I_-- oW T i ||\|r_ \':‘: + v --_"-,{___,.a-'
formed in 4 steps from tryptophan a&_,_u_x“> qe L o N O“-"""""’Trx
I:-ﬂe cO r".::e Fﬂe CD;ME
H 2
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incorporating six contiguous Conditions: Triisopropylbenzene 230 °C,
stereocenters 132 h 0.1 mM, 78% yield

Elliott, G. |.; et al., Angew. Chem. Int. Ed., 2006, 45, 620-622.



Conclusions and Outlook

Dipolar carbonyl ylide cycloadditions provide a unique route
to highly functionalized di- and tetrahydrofurans

*Rhodium catalyzed reactions of diazoketones with carbonyl
moieties is the most widely utilized method for formation of
carbonyl ylides

*Systems for generating enatioenriched tetrahydrofurans
have been developed

*More studies on the role of rhodium and the interaction of
ligands with the substrate are needed in order to develop
more highly enantioselective and general reactions
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