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The use of a tandem Ireland Claisen rearrangement followed by an in situ silicon mediated epoxide fragmentation 
provides an efficient entry into 1,3-dienes containing an €-double bond and an exo-methylene group; initial results 
regarding remote chirality control are reported. 

The stereoselective formation of conjugated dienes is of 
considerable importance, due to their presence in many nautral 
products as well as their utilization in reactions such as the 
Diels-Alder reaction. In recent years transition metal mediated 
cross-coupling methodology has found extensive use in the 
stereocontrolled formation of dienes. We have recently been 
concerned with the synthesis of Galbonolide B* 1 which has an 
interesting diene containing an em-methylene group, a struc- 
tural unit seen in many natural products such as amphidinolide 
K3 and the periplanones.4 Our retrosynthetic analysis to the 
Galbonolides required the synthesis of the aldehyde 2, Scheme 
1. 

We were thus interested in devising a strategy which would 
not only provide an efficient synthesis of the diene but would 
also allow control over the two remote chiral centres. To this 
end we proposed that the aldehyde 2 could be obtained in a one- 
pot operation from the alkenyl ether 3 by utilising a Claisen 
rearrangement,5 followed by an in situ silicon mediated epoxide 
fragmentation, Scheme 2. 
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Scheme 3 Reagents: i, tert-butyl hydroperoxide, Ti(OPri)4, (-)-diethy1 
tartrate (5590%) or MCPBA (52-74%); ii, Cr03.pyr (52-64%); iii, 
1 -trimethylsilylprop-2-enyl magnesium bromide, THF (4 1-67 %) 
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Scheme 4 Reagents: i, Propionyl chloride, pyridine (SO-lOO%) 

The requisite allylic alcohols 7 were made as shown in 
Scheme 3. 

Attempted formation of the required alkenyl ether 3, 
however, resulted in a mixture of double bond isomers, and 
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Scheme 5 DMPU = 1,3-dimethyl-3,4,5,6-tetrahydro-2( lH)-pyrimidone 

Table 1 

Propanoate Conditions Diene Yield 

C02H 
i, LDA, THF 

Jo ii, ButMe2SiOS02CF3 '.f YH 90% 

iii, HCI(,,) 

Me3Si ' 
9a 

d.r. 1O:l 
E : Z 1O:l to 1:5 

11 

i, LDA, THF -. CO2H 

Jo ii, ButMe2SiOS02CF3 WH; d.r. 1040% 5.5:l 

iii, HCI(,) 

iv, Bu4NF 
Bu'PhpSi 

12 11 

i, LDA, THF, DMPU 

ii, ButMe2SiOS02CF3 
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iv, Bu4NF 

JO 
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a d.r = diastereoisomeric ratio. 



1498 J. CHEM. SOC., CHEM. COMMUN., 1995 

hence in loss of stereocontrol in 4. The propanoates 9 were 
formed (Scheme 4) to facilitate the use of Ireland's Claisen 
rearrangement methodology.6 

Deprotonation of the propanoate esters 9 under coordinating 
or non-coordinating conditions allows control over the silyl 
ketene acetal geometry, and thus over the remote methyl group 
stereochemistry. The methodology thereby potentially gives 
access to the desired isomer 11 from either propanoate 
diastereoisomer (9a or 9b), Scheme 5. 

A series of propanoates were synthesized to test the 
methodology, and the results are summarised in Table 1. 

Treatment of propanoate 9a with LDA in THF, and enolate 
quench with tert-butyldimethylsilyl triflate at -78 OC, followed 
by acidic workup at room temp., gave high yields of the desired 
diene 11. However, exclusive formation of the required E- 

Table 2 

Entry Propanoate Diene Yield (%) 

J O  

Me3Si ' 
0 

2 

Me3Si 

Jo 

JO 

Me&/ 19 

J O  

vq{ 5 

Me3Si 
20 

67 

41 

77 

25 

60 

double bond could not be obtained with E : 2 ratios varying from 
10 : 1 to 1 : 5 .  The diastereoisomeric ratio obtained for the 
remote methyl group was encouragingly high. In order to 
improve the E : 2 double bond ratio we changed the function- 
ality on silicon, Table 1. The tert-butyldiphenylsilyl group gave 
rise exclusively to the desired E-double bond, but in general 
yields of the dienes were reduced. The best results were 
obtained using the triethylsilyl group which gave high yields of 
the required diene 11 together with some diastereocontrol of the 
remote methyl group. Optimisation of the Ireland Claisen 
rearrangement will possibly provide improved levels of diaster- 
eoselectivity,7 so further increasing the utility of this reaction. 

This methodology has been used on a further series of 
racemic esters demonstrating the general nature of this diene 
synthesis as shown in Table 2 [reagents: i, LDA, THF; ii, 
ButMe2SiOS02CF3; iii, HCl,,,,]. 

Simple 1,2-disubstituted epoxides gave rise exclusively to E- 
double bond products after rearrangement and fragmentation 
(entries 1-4). 

In an extension of the methodology, the ketal 20 also 
underwent efficient fragmentation to give ally1 alcohol 24. 
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