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On the Isomerization of Allylic Stannanes
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Utility of Chiral Allylic Stannanes

o—(Alkoxy) allyl stannanes
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- Used in the synthesis of cembrane and macrolide natural products

t{(Alkoxy) allyl stannanes

O
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- Used in the synthesis of polypropionate intermediates

Marshall, J.A, Chem Rev. 1996, 96, 31.



Synthesis of Chiral Allylic Stannanes
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70-85% yield
complete chirality transfer

Marshall, J.A., Welmaker, G.S., Gung, B.W. J. Am. Chem. Soc. 1991, 113, 647.



Initial Mechanistic Proposal:
Nucleophilic BF5
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Piers NMR Study of B(CgF5); Catalyzed Allylstannation
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Figure 2. 282 MHz F NMR spectra (—60 °C) of (a) 1 (formed
from o-anisaldehyde and 20% B(C¢Fs)3); (b) sample 3 min after
addition of 1 equiv (relative to aldehyde) of allyltributyltin; (c)
sample 40 min after addition, containing exclusively ion-pair 3.
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- The chemical shifts for Hy and Sn are consistant
with both the Sn and C2 assuming considerable
positive character

Blackwell, J.M., Piers, W.E_, Parvez, M., Org. Lett, 2000, 2, 695.



Marshall's Crossover Experiments

OR
Bu X SuBuj
1[a]p =-25 (36% ee)
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- The reaction is inter molecular. A 1:1 mixture of 1 and 4 gave rise to all four possible
isomers is roughly equal amounts

- The reaction is bimolecular. This was demonstrated by dilution studies and that there
is a slight enantioenrichment in 6.

Marshall, J.A. et al. J. Am. Chem. Soc., 1991, 113, 647-56.



Marshall B(CgF5)3 Catalyzed Isomerization Studies
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- Down field shift of Sn resonance indicitive of cationic character to the Sn center

- A slight merging of the meta and para '°F resonances of the CeF5 groups was observed
indicating ate character at boron

Marshall, J.A., Gill, K., J. Organomet. Chem. 2001, 624, 294.



Marshall's Revised Mechanism
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Marshall, J.A,, Gill, K., J. Organomet. Chem. 2001, 624, 294.



Comparison of BF3°OEt, and B(CgFs)3

- Attempts to detect the intermediates in the BF3*OEt, catalyzed isomerizations by NMR were unsuccessful
thus an anology between the two Lewis Acids was drawn based on a product analysis of the allylation of o- and p-

methoxybenzaldehyde
L A. ~
H + Me a + +
CHyCl, OMOM OMOM
A B C
BF 3#OFEt, 26 68 6
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Marshall, J.A., Gill, K., J. Organomet. Chem. 2001, 624, 294.



Rationale for rate inhancement with o-methoxy groups

Rationale by Peirs
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Marshall's rebuttal:
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Marshall's rationale:

Marshall, J.A., Gill, K., J. Organomet. Chem. 2001, 624, 294.
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Rationale for synclinal attack of Stannanes

- Coulombic attraction: unsymmetrical transition state v would be favored in non-polar solvents due to smaller charge separation

0O

H + A7 e @

MX, n—Lp-x, H—r LB MX, OMX,, ,
. ——
& " / 3a
SnBi &

nBu, nBu; v nBug vi SnBug
x

- Secondary orbital overlap: In-phase overlap between oxygen and the metal bearing carbon is present only in the synclinal transition vii

OH

3b

da

Denmark, S.E., Weber, E.J., Wilson, T. M., Willson, T. M. Tetrahedron, 1989, 45, 1053
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Polyol Synthesis via y(Silyloxy) Allylic Stannanes
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Marshall, J.A, Chem Rev. 1996, 96, 31.
Gung, B.W., Melnick, J.P., Wolf, M.A., Marshall, J.A., Beaudoin, S., J. Org. Chem. 1994, 59, 5609.



Conclusions

- BF3*OEt; acting as a nucleophile was discarded
- Electrophilic activation of the olefin by the Lewis acid followed by attack at the Sn is now believed to be the operative mechanism

- This isomerization mechanism can be used to explain the Lewis acid catalyzed isomerization of other allylic stannanes (E-Z crotyl stannane
isomerization).

- Alkyl tin centers are subject to nucleophilic attack and can form hypercoordinate ate complexes



