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EPOXIDES. 

Summarv; Protonic acid promoted ring-opening of epoxides by dimethyl sulphoxide at room 
temperature followed by treatment with diisopropylethylamine at -7S", affords a-ketols in 
modest to good yields. 

During our studies directed towards the total synthesis of taxane group diterpenes, 2 

we desired a short, selective method for converting alcohol (1)3 into the protected 

hydroxy-ketone (2), as shown below. 
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This transformation required the introduction of a carbonyl group at C-2, and 

inversion of the alcohol stereochemistry adjacent to a fully substituted bridgehead carbon. 

Of the many literature methods which might accomplish this task, carbonyl transpositions4 

of ketone (3), for example, were considered unsatisfactory due to their length, and the 

anticipated difficulties involved with the regio- and stereoselective hydroxylation of 

ketone (4). We have, therefore, developed a concise method with full stereochemical 

(3) " bH, (4) ” tiH, 

control for circumventing this problem, based on the ring-opening of epoxides by dimethyl 

sulphoxide, a reaction that heretofore has proven to be of little synthetic value.5l6 The 

use of boron trifluoride at elevated temperatures6 is not compatible with acid sensitive 

groups as required. The milder conditions of Swern,5 however, only gave minor amounts of 

the ketol. 

The enantiomerically pure alcohol (1)7 was first converted to its thionocarbonate 

derivative (5)7 (n-BuLi in hexane, 1.05 eq., ether, O°C then PhOCSCl,B 1.05 eq., 20°C, 5h) 

in 93% yield after chromatography. Thermolysis of (5) (Kugelrohr, 210°C, 760 mm Hg) 

afforded a mixture of the alkene (6)7 (90%), and phenol which could be removed by washing 

with aqueous potassium hydroxide. Epoxidation of (6) (MCPBA, 1.05 eq., CHC13, O'C, 16h), 

proceeded smoothly to give the epoxide (7)7 as a single isomereg 
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The key transformation of (7) into ketol (8) was achieved by first treating (7) (1M in 

dimethyl sulphoxide) with a solution of trifluoromethanesulphonic acid (1.05 eq., ca. 6M in 

dimethyl sulphoxide) at room temperature for 2h, then diluting the mixture with 

dichloromethane (ca. 2 vol.), cooling to -78OC and adding diisopropylethylamine (5 eq.). 

After warming to room temperature, the solution was partitioned between brine and 

dichloromethane, and the crude product was purified by flash chromatography to afford the 

hygroscopic (8)7 (60%), together with 10% of the diol (9). This reaction proceeded equally 

well on scales of 0.2 to 35 mmol. Interestingly, the epoxide was regioselectively cleaved 

at C(2); none of the regioisomeric ketol (10) was detected. Presumably, the neopantyl 

nature of C(1) of z disfavors 'attack at this position. Finally, the alcohol (8) was 

protected as its t-butyldimethylsilyl ether (2)7 (84%) using the standard conditions.lO 
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Although this methodology was designed to solve a particular synthetic problem, these 

conditions for the oxidative ring-opening of epoxides may be applied in other instances, as 

shown by the examples in the Table. The fact that only stoichiometric amounts of acid need 

be employed at room temperature or below allows acid labile functions like ketals to 

survive. The absence of transannular cyclization products in the example of entry 3 of the 

table reveals the transition state of the DMSO opening of the protonated epoxide normally 

has little carbonium ion character. This modification should prove useful for the 

formation of a-hydroxyketones. 
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Table. Oxidative Ring Opening of Epoxidesa 
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(a) A general experimental procedure follows: A solution of trifluoromethanesulphonic 

acid (0.18 mL, 2.0 mmol) in 0.5 mL of DMSO was added to a stirred solution of 2.0 mm01 of 

&&dc 

61% 

56% 

71% 

34% 

70% 

17% 

the epoxide in 1.5 mL of DMSO with cold water cooling. The mixture was stirred at 23' 

until t.1.c. analysis indicated complete consumption of the epoxides (generally 30-45 min 

except for entry 2 which required 1.5 eq of trifluoromethanesulphonic acid and 48h). After 

adding 3 mL of dichloromethane and cooling to -78O, 10.0 mm01 of diisopropylethylamine was 

added. The mixture was warmed to room temperature and then poured into 30 mL of 10% 

aqueous sodium bisulfate and extracted with 3x25 mL of dichloromethane. After drying 

(MgS04) and evaporating the solution in vacua, purification of the residue by flash 

chromatography gave the pure products in the stated yields. (b) Products identified 

spectroscopically. (c) Yields refer to chromatographed products. 
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