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Abstract: SHydroxyalkenes react with rhenium(VI1) oxide’ (Re207) to provide 2- 

hydroxymethyltetrahydrofurans. Oxidative cyclization occurs with overall syn addition to the 
alkenes in moderate yields with little tendency toward oxidation of alcohols to carbonyl 

compounds. 

Despite the fact that rhenium(W) oxide is isoelectronic with osmium tetroxide, few parallels in reactivity 
have been observed.* Herein, we report thefirst observation of oxidation of unactivated alkenes with rhenium 

oxide under mild conditions. The key to increased reactivity of rhenium is presumed to be a combination of 

both effective molarity and electronegativity of the ligating substituent.* 
The oxidation of alkenes by do transition metals has generated much excitement in recent years due to 

progress in stereochemical control3 and catalytic applications .4 These advances have occurred despite a lack of 

clear understanding of the mechanism involved in these oxidations. In 1977, Sharpless proposed that 

oxametallocyclobutanes were intermediates in the oxidation of alkenes by do transition metals.3cv5 In 1980, 
Goddard and Rappee showed that oxametallocyclobutane intermediates were consistent with ab initio 

calculations on the reaction of Cr&C12 with ethlyene. Other work on the oxidation of alkenes by osmium 

tetroxide has supported a [3+2] cycloaddition mechanism.3f*7 
It is of interest whether oxidative cyclizations of 1 ,5-dienes by permanganate8 and 5,64ihydroxyalkenes by 

Cr(V1) 0x0 species9 are mechanistically related to dihydroxylation of alkenes by osmium tetroxide. For this 

reason, we have embarked upon a study of the oxidation of alkenes by rhenium(VII) 0x0 compounds, in the 
hope that covalent linkage of an alkene to the 0x0 species would ptovide information about the transition state of 
these reactions. 

The general procedure is as follows: To a solution of 1 mm01 of Shydroxyalkenes and 1.1 mm01 of 2,6- 

lutidine in 5 ml of methylene chloride at room temperature was added 1.1 mm01 of Re2G7.1u The rhenium(W) 

oxide dissolved rapidly providing a red solution that gradually yielded a black precipitate as the reaction 
proceeded. After 1 hr, 1.1 mm01 of 2,6lutidine followed by 1.1 mmol of rhenium(VII) oxide were added. This 
sequence was repeated again after another hour. After 8 hrs, 10 mm01 of sodium hydroperoxide was added as a 
1M aqueous solution. The resulting colorless mixture was stirred for 30 minutes, then diluted with 10 ml of 
methylene chloride. The organic layer was washed with 10 ml of 1N HCl to remove 2,dlutidine followed by 
10 ml of saturated NaCl solution The products were then purified by flash chromatography on silica gel. 

The first step in this reaction is presumed to be formation of a perrhenate ester,11 and perrhenic acid which 
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dissolved upon the addition of one equivalent of alcohol. resulting in red solution. In the absence of added 

base, non-oxidative acid catalyzed cyclization of substrates with trisubstituted double bonds was observed. A 

number of solvents and bases were employed. However, the combination of methylene chloride and 2,6- 

lutidine provided the highest yields. For example, when pyrldine or other less hindered bases are employed, the 
order of addition of rhenium and base must be reversed and the red solution rapidly precipitates a fine black 
powder upon addition of pyridine. That the putative perrhenate esters undergo rapid, if incomplete, reaction 

upon addition of ligands such as pyridine is suggestive of formation oxametallocyclobutanes which then 
reductively eliminate. Unless the perrhenate ester is preformed, nucleophilic bases and solvents compete 

effectively with the alkene for the metal coordination site and no oxidation is observed. 
Table 1 outlines oxidation of several representative S-hydroxyalkenes.12 Substrates 2 and 3 confirm overall 

syn addition to the alkene. The product of rhenium oxidation of 2 was identical to that obtained by epoxidation 
of 3 and acid catalyzed cyclization. The complementary experiment involving the formation of tetrahydrofuran 

9 was also performed. Oxidation of alkenes 4 and 5 provide products which are less volatile leading to an 

improvement in isolated yields. Substrates 5 and 6 also demonstrate the cyclization of more hindered alkenes. 

Table 1. Oxidation of 5Hydroxyalkenes by R%O7. 

Entry Substrate Product’ Yield(B)b 

1 

2 

3 

-OH 

1 
HOT(O) fig 

7 

-OH 47 
2 

8 
I - 

LOH 
3 

H-Ho) ” 
H09H 

4 -OH - 88 

4 
10 

6 ALA 62 
OH 

6 
HOh ROH 

12 
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However, these two substrates were sensitive toward acid catalyzed cyclization. Intriguingly, oxidation of 

alkenol6 provided a truns to cis ratio of 33:1.13*14 

Rhenium(VII) oxide displays advantages over other similar oxidants since oxidation of the starting and 
product alcohols to aldehydes or ketones is minimal and yields are generally higher than those observed in 
permanganate and chromium oxidations. Rhenium(VII) oxide is less expensive per gram than osmium 

tetroxide.tu.15 However, a stoichiometric excess of rhenium(VII) was employed here in order to drive reactions 

to completion . One explanation for the requirement of more than one equivalent of rhenium(VII) oxide is that 
the product hydroxymethyltetrahydtofurans were observed to tightly bind rhenium (VII) acwtding to tH NMR 
(400 MHz) spectroscopy. The stereospecificity of these oxidative cyclizations is the subject of further 
investigation. 
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