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Abstract: The [2,3]Wittig rearrangement of enantiomerically-defined a-(allyloxy)stannanes, 
prepared from (S)-1 -tributylstannyl-I -propanol, with butyllithium is shown to proceed with 
essentially complete inversion of configuration at the lithium-bearing migrating terminus. This 
inversion stereochemistry is further conjirmed by the rearrangement of dktereomerically-d@ed a- 
(allyloxy)stannanes. 

The [2,3]Wittig rearrangement has currently enjoyed widespread use in stereocontrolled synthesis.1 

However, the most fundamental question of [2,3]Wittig stereochemistry is the subject of much controversy that 

concerns the stereochemical course (inversion vs. retention) at the lithium-bearing terminus (Scheme 1). 

Conflicting conclusions might be drawn from the recent theoretical calculations on the transition state structures 

for the rearrangement of ally1 lithiomethyl ether,2 3 
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More recently Vemer and Cohen have reported the first experimental evidence for the inversion course in 

the reductive lithiation-based [23]Wittig process of a rather complicated, diastereomerically-defined 

tetrahydropyran system which considerably competes with the [ 1 .;?]Wittig processP We now disclose more 
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clear-cut evidence for complete inversion of contiguratlon in the transmetalative [2,3]Wittlg process using the 

enuntiornerically-defined a-(allyloxy)stannanes 2 as the substrates (Scheme 2).5 

Scheme 2 
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Reagents: (a) MsCl, Et& CH& -23 ‘C; (b) RfX=CHCH@K Et&). 20 ‘C 
(c) n-BuLi (1.5 equiv), THP, -78 ‘C; (d) I-&, Pd-C,MeOH, 20 ‘C. 

The optically active substrates (R)-Za and (R)-2b required for this study were successfully prepared in cu. 

65% overall yield from (S)-a-stannyl alcohol l6 via mesylation followed by SR2 tea&on with the potassium 

allylic alcoholate which proceeds with complete inversion of contiguration.7~ 8 Treatment of (R)-2a (62% ee)9 

with n-BuLi at -78 “C was found to afford the rearrangement product (R)-3a in 62% ee (90% yield).10 A 

similar rearrangement of (R,E)-2b (88% ee, 100% E)9 gave rise to the (3S,4R)-and isomer 3b in 87% ee and 

>99% de (95% yield).ll Hydrogenation of 3b furnished an ant pheromone12 (3S,4R)-4b: [alou +2.2’ 

(CHCl3); lit.12 [alou +2.5’ (CHCB). Since complete retention of configuration has been well established for 

the Sn/Li exchange process involved, l3 these findings indicate clearly that the [2,3]Wittig rearrangement 

proceeds with essentially complete inversion of configuration at the Li-bearing terminus. This means that the 

lithium cation locates outside the pericyclic array in the transition state as predicted theomtically by Houk et aL2 
It should be noted that the extremely high E + anri diastereoselection observed here is also consistent with 

Houk’s calculations.2* 14 

This inversion stereochemistry was further confirmed by experiments using the diastereomerically-dgfined 
stannane 5.15 The rearrangement of the anti-rich substrates, prepared from the corresponding ryn-rich a- 

stannyl alcohols16 via the above-mentioned procedure, was found to afford the syn-rich products 6 (Scheme 

3).17 
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Scheme 3 
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In summary, this work presents the strongest pieces of evidence in support of complete inversion of 

configuration at the Li-bearing migrating terminus in the [Z,S]Wittlg process via Sn/Li exchange. A key 

unanswered question is whether this inversion course is also the case for the synthetically more useful 

[2,3]Wittig variants induced by direcr lirhiurion. In addition, this study opens a way to otherwise difficult 

preparations of enantiomerically-defined (a-alkoxy)alkylstannanes which would provide great opportunity to 

investigate the stereochemistry of various carbanion reactions. Further works along these lines are in progress. 
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