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Abstract: The asymmetric synthesis of 4-substituted cis-4-(hydroxymethyl)cyclopent-2-en-1- 
ols 3 (R = alkyl, benzyloxymethyl) via highly enantioselective rearrangement of 3-substituted 
cis-6-oxabicyclo[3.1.0]hexane-3-methanols 1 (R = alkyl, benzyloxymethyl) is described. 

The enantioselective rearrangement of meso-epoxides to allylic alcohols using homochiral bases has been 

the focus of much research. 2 However, this strategy has not been investigated with meso-epoxides containing 

quaternary (tetra-carbon substituted) carbon centres. 3 This could be due to perceived difficulties in establishing 

the relative stereochemistry between the epoxide and the quaternary centre in the meso-starting material. We 

recently reported an enantioselective rearrangement of a meso-epoxy alcohol for carbocyclic nucleoside 

synthesis (Eq. 1, R = H). 4 In that work the hydroxyl group served to initially direct epoxidation with excellent 

stereocontrol (cis:trans > 97:3) and subsequently to promote the rearrangement and an excellent level of 

asymmetric induction - the highest ee recorded to date for a transformation of this type. It was therefore 

considered important to determine the scope of this chemistry. Here we communicate our preliminary results 

concerning the effect of additional trans-substituents (Eq. 1, R ~ H) on the rearrangement as methodology for 

the asymmetric synthesis of quaternary carbon-containing materials, itself an area of considerable research 

interest. 5 This chemistry was examined in the knowledge that epoxide ~ allylic alcohol transformations are 

considered to occur via proton removal syn to the epoxide. 6 Therefore in our work trans-substituents were 

predicted not to disrupt substantially the transition state aggregate for rearrangement, and hence the ee, from that 

which operated with the original meso-epoxy alcohol (Eq. 1, R = H). 

OH Me Ph OH 

LiHN 2 0 L i  
D 

benzene/THF, 0 °C 
0 1  HO 3 

66%, > 95% ee for R = H 
(1) 

In order to examine this chemistry readily available 3-cyclopentenecarboxylic acid 47 and 3-cyclopentene- 

1,1-dimethanol 57 were first converted into the alcohols 6 using standard procedures (Scheme 1), followed by 

hydroxyl-directed epoxidation under our previously reported conditions 4 to give the representative meso-epoxy 

alcohols 1 (R = Me, Bu, BnOCH2). Analysis of the IH nmr spectra of the crude meso-epoxy alcohols 1 (R = 

Me, Bu, BnOCH2) indicated that, in each case, only a single isomer was produced, cis-Relative stereochemistry 

between the hydroxymethyl and epoxide groups were assigned by analogy with our earlier work. 4 
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(a) LDA (2 equiv.), RI, THF, 0 °C, 15 h; (b) LiAIH4, Et20, 25 °C, 3 h; (c) PhCHO, cat. p-TSA, benzene, reflux, 24 h; 
(d) DIBAL-H, CH2CI2, 25 °C, 4 h; (e) ButOOH, cat. VO(acac)2, CH2CI2, 25 °C, 24 h; (f) (1R,2S)-norephedrine 
(3 equiv.), BuLi (6 equiv.), 3:2 benzene/THF, 0 °C to 25 °C, 12 h; (g) PDC, 2% AcOH in EtOAc, 25 °C, 1.5 h. 

Scheme 18 

In accord with our prediction the m e s o - e p o x y  alcohols smoothly rearranged using dilithiated (1R,2S)- 

norephedrine 2 to give the cis-diols  3 in reproducibly good ees [R = Me (99%), Bu (96%), BnOCH2 (89%)], 

as determined by HPLC analyses [Daicel Chiralpak AD column (4.6 mm x 250 mm), 75:25 EtOH/Hexane as 

eluent] of  the 2,4-dini t robenzoate derivat ives of  the corresponding hydroxy enones 7. The absolute 

stereochemistry of the major enantiomer of the diol 3 (R = Bu) is as shown in Scheme 1, and was determined 

via the corresponding hydroxy enone 7 (R = Bu) after 3,5-dinitrobenzoate derivatisation, ketalisation [(-)- 

(2R,3R)-2,3-bis(TMSO)butane, cat. TMSOTf, CH2C12, -78 °C to 25 °C, 12 h, 63% yield] 9 and subsequent X- 

ray crystallographic analysis. 10 The sense of asymmetric induction parallels that observed in our earlier study 

(Eq. 1, R = H). 4 The absolute stereochemistry induced in the diols 3 (R = Me, BnOCH2) was assigned by 

analogy with diol 3 (R = Bu). 

In summary, this work establishes that meso-epoxide  desymmetrisation using a chiral base can be used to 

prepare, in good ees, potentially useful functionalised cyclopentenols containing quaternary (tetra-carbon 

substituted) stereocentres. In addition, the present results combine with those obtained in our earlier work 4 to 

suggest that the reactions we have examined proceed by a syn elimination mechanism. 
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