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Abstract: Wittig rearrangement of allylic glycolate esters via boron and tin enolates 

gave diastereoselectivities as high as 99.5 : 0.5. Tin enolates were more 

stereoselective than boron enolates. 

The [2,3]-Wittig rearrangement is a highly useful transformation for acyclic 

diastereoselective reactions. In recent years considerable attention has been focused 

on aspects which lead to milder reaction conditions and improved 

stereoselectivities.2 A variety of functional groups have been investigated in this 

context. investigations involving the highly useful ester functionality have been 

limited, due to its low reactivity.3 This problem has been overcome by Nakai and 
Mikami by using 20% HMPA/THF as the solvent system.4 The enolate of an a-allyloxy 

ester has two possible modes of sigmatropic rearrangement available (Scheme 1). It 

has been shown when M=Li or SiMes a [2,3]-Wittig rearrangement occurs, the latter 

requiring a catalytic amount of TMSOTf.4~s~e Our initial investigation into the 

asymmetric Wittig rearrangement focused on the rearrangement with other types of 

enolates. We report here our results with boron and tin enolates.7 To the best of our 

knowledge, this is the first reported [2,3]-Wittig rearrangement via boron enolates 

and the first systematic study of tin enolates.8 
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The rearrangement substrates l-8 were prepared in a straightforward manner 

as exemplified by equation 1 (43-77%). 5 The [2,3]-Wittig rearrangements proceeded 

by generating the enolate with diisopropylethylamine in the presence of dibutylboron 

triflate or tin triflate at -78OC followed by warming to ambient temperature 

(equation 2).sllo The results are summarized in the Table. The products were formed 

exclusively from Wittig rearrangements with no [3,3]-rearrangements being observed. 
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The stereochemistry was assigned by comparing the products of substrates 1 and 2 to 

authentic samples derived from the method of Nakai.4.11 

Cl -C02H 

CH, &OH 
10 aq. NaH 

w CH, &O,,COzH 

THF, reflux 
C”4 K&4 (1) 

L CH, eOVC02CH3 

DMF, 2O’C 
1.77% 

CO&H, 

0) 
n-BbBOTf or Sn(OTf), 

+ ‘R 

) 7W3+ 7,,cH3 (2) 

i-Pr,NEt, -78 to 25’C 

R’ R* a R’ b 

1 

a:b ’ 0 ISQ- 

9 
IO 

11 

12 

13 

14 

CH, &O,,CO,CH, 

1 

+owco2c3H CH3 CH, 

,,Co2CH3 

4 

CH3 ,&,&,,“,co2c~ 

CH, CH, 

0nC02CH3 

7 

0 -C02CH3 

4 
I 8 

Sn(OTf), 0.5 : 99.5 
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decomposition 

48 : 52 59 

1) Unless otherwise noted CH2C12 was the reaction solvent. 
2) Hexanes was the reaction solvent. 



Excellent diastereoselectivities 
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(0.5 : 99.5 to 8 : 92) were observed with 

substrate 1, having an E-olefin, whether boron or tin enolates were used (entries l- 

3). Lower stereoselectivities (85 : 15 to 69 : 31) were observed with Z-substrate 2 

(entries 4-6). This is unusual in that most [2,3]-Wittig rearrangements involving Z- 

olefins exhibit higher diastereoselectivities. 2 The tin enolates were more selective 

than the boron enolates (entries 1, 2, 4, and 5). As expected, the reactions were 

solvent independent (entries 2, 3, 5, and 6). The rearrangement involving a tertiary 

allylic ether gave a low yield with tin triflate and decomposition with dibutylboron 

triflate (entries 7 and 8).12 The disubstituted substrates at the proximal and distal 

carbon of the olefin gave 55% and 53% yield (entries 10 and 12) with a ratio of 26 : 74 

in the latter. The phenyl-substituted olefin gave a ratio of 20 : 80 (entry 11). When 

the olefins were in an endocyclic position of a 5- or 6-membered ring low 

stereoselectivities were obtained (entries 12 and 14). 

The rate of rearrangement was measured qualitatively by monitoring the 

reaction with tH NMR. A solution of diisopropylethylamine and di-n-butylboron 

triflate was chilled to -6OOC and substrate 1 was added. The sample in the NMR probe 

was warmed to -3OOC and a 1 H NMR spectra were recorded at intermediate 

temperature and time during this period. Monitoring the disappearance of the olefin 

resonance peaks of the substrate and the appearance of the terminal olefin peaks of 

the product revealed that tt/2 of the rearrangement was ~20 min at -3OOC. 

An inherent limitation of the [2,3]-Wittig rearrangement with lithium enolates 

is the range of applicable substrates. It was of interest to compare this limitation 

with boron enolates. For example, the lithium dianion of substrate 9 (R=H) undergoes 

a [2,3]-Wittig rearrangement and a [1,2]-shift in a 67:33 ratio (equation 3).2 

Treatment of 10 with dibutylboron triflate and diisopropylethylamine under the 

standard conditions led to an identical ratio of [2,3]-Wittig rearrangement and [1,2]- 

shift in 71% yield. The diastereomeric ratio was the same as that of entry 14 in the 

table. The lithium enolate and the boron enolate gave the same amount of the 

undesired [1,2]-shift.13 
oAco$I 

b 
DI 

* Ro2CJ+JC + &LO$ (3) 

k31 il21 
Q,R=H 67:33 

lO,R=CH3 67:33 

The stereochemical outcome of the [2,3]-Wittig rearrangement depend on the 

carbanion structure2 and in the case of esters, the anionic carbon has a high SP2- 

character. Inspection of molecular models shows two possible transition states for 

each olefin geometry which satisfy the stereoelectronic requirements of the 

rearrangement. The major isomer appears to come from the synclinal transition 

state. It is not clear as to the reason for this at this time. 
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