Rearrangement of Allylic Imidates:
Development of Asymmetric Catalysts and Applications in Synthesis
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Imidic Acids and Imidates
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( Conversion of imidate to amide is thermodynamically favorable transformation '
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Rearrangements of Imidates to Amides

Aryl imidates: Chapman Rearrangement Alkyl imidates:
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Allyl imidates: Mumm and Moller (1937)
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l Allylic imidates undergo [3,3]-sigmatropic rearrangement '

McCarty, C. G.; Garner, L. A. “The Chemistry of Amidines and Imidates”; Patai, S. ed.; Wiley: New York, 1975; Chapter 4.



Thermal Rearrangement of Allylic Imidates - Limitations

- Low yield preparation of allylic imidates:
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Thermal Rearrangement of Ailylic Trichloroacetimidates

- Preparation of trichloroacetimidate
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Mechanism for Thermal Rearrangement of Allylic Imidates

Evidence for concerted rearrangement mechanism

- Regiospecificity
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Catalyzed Rearrangement of Allylic Imidates

- Bronsted acid catalysis: o
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Catalyzed Rearrangement of Allylic Imidates

- Transition metal catalysis: soft metals (Hg(II) and Pd(II))
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Mechanism for Catalyzed Rearrangements
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Catalyzed Rearrangement of Chiral Imidates
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More Detailed Mechanism for Pd(II)-Catalyzed Rearrangement
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Quest for the Best Ligand — Cationic Palladium Catalysts
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Catalyst Design: Two Considerations

- Cationic palladium complex:
- not a good catalyst compared to PdCl,(MeCN), (neutral catalyst)
- Cationic complex responsible for competing side processes
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Fig. 1. Chemdraw and crystal structures of cyclopaliadated complexes
[12.28]. Hydrogens and parts of the structures are omitted for clarity.

Hollis, T. E.; Overman, L. E. J. Organometallic Chem. 1999, 576, 290.
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Quest for the Best Ligand — Neutral Palladium Catalysts
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Rearrangement of N-p-Methoxyphenyl Imidate
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Catalytic Asymmetric Rearrangement using COP-Cl
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1,3-Interchange of Functionality

i [3,3]-sigmatropic )\

Xy rearrangemeni X
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X,Y =C: Cope rearrangement, no functionality change
X =0, Y = C : Claisen rearrangement, functionality change from ether (C-O) to alkane (C-C)

X =0, Y = N: Rearrangement of Allylic Imidate, functionality change from alcohol (C-O) to amine (C-N)
When Z = CCl; : (so called) Overman rearrangement

Can rearrangements of allylic imidates be useful for allyl amine synthesis?

Overman, L. E. J. Am. Chem. Soc. 1974, 96, 597.
Overman, L. E. J. Am. Chem. Soc. 1976, 98, 2901.



Amino Acid synthesis
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Synthesis of Polyoxamic Acid
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Synthesis of Pancratistatin
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Catalyzed Rearrangements
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- Under catalyzed conditions, elimination of imidate moiety becomes competitive

- Excellent substrate control by neighboring heteroatom can be achieved

Gonda, J.; Helland, J.-C.; Ernst, B.;Bellus, D. Synthesis, 1993, 729.
Van Boom, J. H. et. al. Tetrahedron Lett. 1999, 40, 5063.




Synthesis of Myriocin and Sphingofungin E

O OH R
Strecker synthesis
HO R =z Me [ >
HN ) OH 0 Just and Payette, TL, 1980, 27,
HO 3219,
R = H: Myriocin Epoxide Me_ Me
R = OH: Sphingofungin E opening OXO
| Nj 3
Pd-catalyzed _ Aldol . S 0
asymmetric c— OXO
alkylation ; H CAr
Yoshikawa, Tetrahedron, 1995, 51,
™ 6209.

OAc

TBOPSO._ A\ g,

8
EtoocYgN 0
+ PhMeZSi/\(/ko N P 4 HJW |
N=< Nagao, TL, 1995, 36,

FPr OR
Trost, JACS, 2001, 123, 12191. Ph OEt 2097.



Synthesis of Myriocin and Sphingofungin E

1)CI,CCN, DBU

2)xylene, K,CO4 7 : 1
909
% CH,OPMB CH,OPMB
\Hl‘ 3 o \\‘O&
H“ +
Ci3COCHN
BnO
1)CIi3CCN, DBU
2)xylene, K,CO4 1:5

70%

Chida, N. et. al. Bull Chem. Soc. Jpn. 2002, 75, 1927.



Synthesis of Tetrodotoxin-type Compounds
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Nishikawa, T.; Asai, M.; Ohyabu, N.; Yamamoto, N.; Isobe, M. Angew. Chem. Int. Ed. 1999, 38, 3081.



Conclusion

- Imidate chemistry has a long history
- Allylic imidates can be prepared readily from allylic alcohols
- Rearrangement of trichloroacetimidates is a practical method for preparing allylic amines

- Predictable stereochemistry for thermal rearrangement
- Good enantioselectivities using chiral ligand for palladium under catalyzed conditions



