
Pergamon 
Tetrahedron Letters, Vol. 38, No. 19, pp. 3419-3422, 1997 

© 1997 Elsevier Science Ltd 
All rights reserved. Printed in Great Britain 

0040--4039/97 $17.00 + 0.00 
PII: S0040-4039(97)00635-7 

STEREOSPECIFIC INTERNAL ALKYLATION OF TERMINAL 

7,8-EPOXY ACRYLATES 

Masahiro Miyazawa, Naoki Ishibashi, Satoshi Ohnuma, and Masaaki Miyashita* 

Division of Chemistry, Graduate School of Science, Hokkaido University, Sapporo 060, Japan 

Abstract: The alkylation of ethyl (S)- and (R)-4,5-epoxy-2-pentenoates (11) and (12), chiral terminal 
y,~5-epoxy acrylates prepared from D-mannitol, by trialkylaluminum in the presence of water occurs 
regioselectively at the y position, i.e., at the internal position, to yield a sole product respectively with 
net inversion of configuration. The method provides useful chiral synthons for natural product 
synthesis. © 1997 Elsevier Science Ltd. 

It is well-known that the nucleophilic opening of terminal epoxides by organocopper reagents or 

alkyllithiums occurs regioselectively at the terminal position to give the corresponding secondary alcohols. 1 

On the contrary, regio- and stereo-selective internal alkylation of terminal epoxides is rather exceptional, 

although a few examples have been reported. 2 

Recently we developed the stereospecific methylation of 7,6-epoxy acrylates by trimethylaluminum 

((CH3)3A1) in the presence o f  water which occurs exclusively at the y position 3 and demonstrated the 

synthetic potential of the new methodology by stereoselective synthesis of several natural products. 4 On the 

other hand, from inspection of the above reactions, it was anticipated that the alkylation of terminal y,~-epoxy 

acrylates by trialkylaluminum would occur regioselectively at the y position as well, i.e., internally. We 

report here the stereospecific internal alkylation of terminal epoxides by the use of chiral y,8-epoxy acrylates 

and trialkylaluminum. 

For comparison, the reaction of simple 1,2-epoxyalkanes with (CH3)3A1 was initially examined. 

Thus, treatment of 1,2-epoxyoctane (1) with (CH3)3A1 (2 M solution in hexane, 10 equiv) in CH2C12 in the 

presence of water (6 equiv) at -23 °C for 1 h gave a 3 : 7 mixture of the internal alkylation product 2 and the 

external alkylation product 3 in 89% combined yield (Scheme 1). 5 On the other hand, the reaction of 1 with 

(C2Hs)3AI under the same conditions produced a ca. 1 : 1 mixture of 4 and 5 in 66% yield. Consequently, 

the reaction of 1,2-epoxyalkanes with trialkylaluminum in the presence of water proved to give a mixture of 

regioisomers in a variable ratio depending on trialkylaluminum used. 
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In turn, the reaction of terminal 7,6-epoxy acrylates with trialkylaluminum was investigated. Initially, 

two enantiomeric epoxides, ethyl (S)- and (R)-4,5-epoxy-2-pentenoates (11) and (12) were prepared as 

substrates from D-glyceraldehyde acetonide (6) (Scheme 2). Thus 6 readily available from D-mannitol 6 was 

subjected to the Horner-Emmons reaction with triethyl phosphonoacetate to give the (E)-unsaturated ester 7 

in 68% yield after purification by silica gel chromatography. Subsequent treatment of 7 with aqueous AcOH 

at 80 °C afforded the diol 8 in nearly quantitative yield. The diol 8 thus obtained was used as the common 

key intermediate for the synthesis of 11 and 12. At first (S)-4,5-epoxy-2-pentenoate (11) was synthesized 

from 8 according to path A. Bromination of 8 with CBr4 and (C6Hs)3P in CH2C12 at reflux afforded the 

bromohydrin 9 in 71% yield along with 15% of secondary bromide. These bromides were easily separated 

by silica gel column chromatography. The bromohydrin 9 was then treated with K2CO3 in EtOH to give the 

desired (S)-epoxy acrylate 117 ([~]D 18 + 33.4 (c 1.04, CHC13)) in 84% yield. On the other hand, (R)-4,5- 

epoxy-2-pentenoate (12) was synthesized from 8 according to path B. Selective protection of the primary 

hydroxyl group of 8 with tert-butyldimethylchlorosilane followed by mesylation gave the mesylate 10 in 

93% yield which was subsequently treated with tetrabutylammonium fluoride (Bu4NF) in THF at room 

temperature to produce the desired (R)-epoxy acrylate 12 in 85% yield. The specific rotation of 12 ([~]D 18 

- 27.6 (c 1.42, CHC13)) was found, however, to be somewhat lower (ca. 83% e.e., vide post) in comparison 

with that of 11. This is presumably due to partial epimerization of the labile allyl mesylate 10 by treatment 

with Bu4NF. 
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With the chiral substrates 11 and 12 in hand, the key reactions with trialkylaluminum were examined 

(Scheme 3). By employing the similar reaction conditions for 1, 11 and 12 were treated with (CH3)3A1 (10 

equiv) in CH2C12 in the presence of water (6 equiv) at -30 °C for 2 h to give solely 138 and 14 in 72% and 

75% yields, respectively. The presence of water is critical because in its absence reaction does not occur to 

any extent. The enantiomeric purity of the products was examined by comparison with an authentic sample 9 

and analysis of 1H NMR spectra of the corresponding (S)-ct-methoxyphenylacetic acid esters. 10 As a 

consequence, the enantiomeric excess of 13 ([~]D 2! + 28.0 (c 0.97, CHC13)) and 14 ([~]D 21 = -21.6 (c 1.08, 

CHCI3)) was found to be >99% and 83%, respectively. These results clearly demonstrate that both the 
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reactions proceeded regiospecifically at the y position with net inversion of configuration. Similarly, the 

reaction of 15 prepared from 6 via an analogous synthetic route with (CH3)3A1 also occurred regioselectively 

at the y position to give 16 in 87% yield (Scheme 3). The enantiomeric purity of 16 ([t~]D 22 + 13.9 (c 1.16, 

CHCI3)) was found to be 78% by 1H NMR analysis of the corresponding (S)-ot-methoxyphenylacetic acid 

esters. 11 
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On the other hand, the reaction of 11 with (C2H5)3A1 under the same conditions afforded the 

compound 1712 as a sole product in 70% yield (Scheme 4). The enantiomeric purity of 17 was determined 

in a similar manner for the compounds 13 and 14, and found to be greater than 99%. Thus ethylation was 

also shown to proceed stereospecifically at the y position, with net inversion of configuration. 

These outcomes demonstrate that the alkylation of terminal y,8-epoxy acrylates by trialkylaluminum- 

water occurrs regiospecifically at the 7 position, i. e., internally, with maintenance of optical integrity. Since 

the compounds 13, 14, 16 and 17 possess a variety of functional groups in a compact molecule such as an 

ester group, a hydroxyl group, a conjugated double bond as well as a chiral center which are useful for further 

transformation, they serve as versatile chiral synthons for natural product synthesis. 

(C2Hs)3AI (10 eq.) 
E t O ~  O ~  H20 (6 eq.) ~ EtO OH 

CH2CI 2, -30 °C~ 
O 70% O 

17 
11 

Scheme 4 

In summary, we demonstrated that the alkylation of terminal T,8-epoxy acrylates with 

trialkylaluminum in the presence of water proceeds regio- and stereo-specifically at the 7 position, i. e., 

internally, with net inversion of configuration. 
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