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In 1909, N. Prilezhaev was the first to use peroxycarboxylic acids to 
oxidize isolated double bonds to the corresponding oxiranes (epoxides).

Peracids tend to adopt an intramolecularly hydrogen-bonded conformation in 
solution, and the high degree of polarisation results in an electrophilic oxygen 
atom that is able to add to alkenes.

The epoxidation of an alkene with peracid to give an oxirane. The 
commercial available mCPBA is a widely used reagent for this conversion, 
while magnesium mono-perphthalate and peracetic acid are also employed
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1) the reaction is stereospecific, since the stereochemistry of the alkene substrate 
is retained in the epoxide product (trans alkene yields the trans epoxide,
while cis alkene affords cis epoxide);

2) the reaction rate increases if the substituents on the alkene are electrondonating
and decreases if they are electron-withdrawing; 

3) an electron-withdrawing substituent (R5) on the peroxyacid increases the rate of 
epoxidation; 

4) substrates with multiple isolated double bonds can be epoxidized regioselectively, 
since the more electron-rich double bond reacts faster with the peracid (terminal 
alkenes are the least reactive, so a disubstituted alkene is selectively epoxidized in 
the presence of a terminal one);
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5) alkenes that have preexisting chiral centers theoretically give rise to two 
diastereomeric epoxides, but in practice high diastereoselectivities may be achieved 
by preferentially epoxidizing the less sterically hindered face of the alkene

6) alkenes with no chiral centers give rise to a 1:1 mixture of enantiomeric epoxides 

7) the steric demand of the peroxyacid is almost negligible, so even very sterically
hindered substrates maybe epoxidized; 

8) cup-shaped molecules are usually epoxidized from the less hindered convex side; 

9) if a functional group adjacent to the double bond can coordinate to the peroxyacid, 
the natural steric bias will be overridden and the epoxidation will occur from that face 
of the double bond where the coordinating functional group is located (e.g.,
OH>CO2H>CO2R>OCOR) and this phenomenon is called the neighboring group 
effect; 
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When there is a free stereogenic hydroxyl group near the olefin, the 
hydrogen bond between the OH group and the reagent leads to 
diastereoselective epoxidation (the Henbest rule). When the OH 
group is protected, opposite diastereoselectivity is observed.

Henbest Rule: Hoveyda, A. H.; Evans, D. A.; Fu, G. C. Chem. Rev. 1993, 93, 1307. DOI: 10.1021/cr00020a002



10) the reagent peroxyacids can be prepared (by reacting carboxylic acids with 
hydrogen peroxide) or purchased from commercial sources; 

11)most widely used peroxyacid is mCPBA, which is a relatively stable solid with 
good solubility in most organicsolvents; 

12) less frequently used (and not very stable) peroxyacids are generated in situ 
(e.g., peroxyacetic and performic acid); 

13) the peroxyacids are much less acidic than the carboxylic acids, so acid-
catalyzed side reactions(e.g., epoxide ring-opening) are rare;

14) when the product is very acid sensitive, the reaction mixture needs to be
buffered since the by-product is a strong carboxylic acid; 

15) epoxidations with mCPBA are usually carried out at or below ambient 
temperature, and a mildly basic work-up ensures the removal of the benzoic acid 
by-product from the epoxide product; 

16) the reaction tolerates most functional groups, but free amines are readily 
oxidized, so they must be protected; 
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17) ketones may undergo a competing Baeyer-Villiger oxidation; 

18) 〈 ,-unsaturated esters are epoxidized, while 〈 ,-unsaturated ketones 
remain unchanged under the reaction conditions; 

19) alkynes react 103 times slower than alkenes, so alkenes are selectively 
epoxidized in the presence of alkynes.
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Sharpless, Jacobsen, and Shi asymmetric epoxidation
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