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12.8: Epoxidation

Oxacyclopropane rings, also called epoxide rings, are useful reagents that may be opened by further reaction to form anti vicinal diols. One way to synthesize oxacyclopropane rings is
through the reaction of an alkene with peroxycarboxylic acid.

Oxacyclopropane Synthesis by Peroxycarboxylic Acid

Oxacyclopropane synthesis by peroxycarboxylic acid requires an alkene and a peroxycarboxylic acid as well as an appropriate solvent. The peroxycarboxylic acid has the unique
property of having an electropositive oxygen atom on the COOH group. The reaction is initiated by the electrophilic oxygen atom reacting with the nucleophilic carbon-carbon double
bond. The mechanism involves a concerted reaction with a four-part, circular transition state. The result is that the originally electropositive oxygen atom ends up in the
oxacyclopropane ring and the COOH group becomes COH.

Mechanism

Peroxycarboxylic acids are generally unstable. An exception is meta-chloroperoxybenzoic acid, shown in the mechanism above. Often abbreviated MCPBA, it is a stable crystalline
solid. Consequently, MCPBA is popular for laboratory use. However, MCPBA can be explosive under some conditions.
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Peroxycarboxylic acids are sometimes replaced in industrial applications by monoperphthalic acid, or the monoperoxyphthalate ion bound to magnesium, which gives magnesium
monoperoxyphthalate (MMPP). In either case, a nonaqueous solvent such as chloroform, ether, acetone, or dioxane is used. This is because in an aqueous medium with any acid or base
catalyst present, the epoxide ring is hydrolyzed to form a vicinal diol, a molecule with two OH groups on neighboring carbons. (For more explanation of how this reaction leads to
vicinal diols, see below.) However, in a nonaqueous solvent, the hydrolysis is prevented and the epoxide ring can be isolated as the product. Reaction yields from this reaction are
usually about 75%. The reaction rate is affected by the nature of the alkene, with more nucleophilic double bonds resulting in faster reactions.
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trans-2-pentene cl trans-3-ethyl-2-methyloxacyclopropane
MCPBA

Since the transfer of oxygen is to the same side of the double bond, the resulting oxacyclopropane ring will have the same stereochemistry as the starting alkene. A good way to think of this is
that the alkene is rotated so that some constituents are coming forward and some are behind. Then, the oxygen is inserted on top. (See the product of the above reaction.) One way the epoxide
ring can be opened is by an acid catalyzed oxidation-hydrolysis. Oxidation-hydrolysis gives a vicinal diol, a molecule with OH groups on neighboring carbons. For this reaction, the
dihydroxylation is anti since, due to steric hindrance, the ring is attacked from the side opposite the existing oxygen atom. Thus, if the starting alkene is trans, the resulting vicinal diol will have
one S and one R stereocenter. But, if the starting alkene is cis, the resulting vicinal diol will have a racemic mixture of S, S and R, R enantiomers.

The Synthesis of Disparlure using epoxidation

The gypsy moth (Porthytria dispar) is a serious pest of the forests. In 1976 B.A. Bierl et.al., (Science, 170,88 (1970)) isolated the sex pheromone from extracts of 78,000 tips of the last
two abdominal segments of female moths. The structure was assigned as 1.5.1. Later, the precursor molecule — the cis-olefin was also
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Fig 1.5.1

isolates from the same source. A laboratory bioassay from synthetic materials showed that just 2 pg of 1.5.1 was enough to elicit bioactivity. Since the availability of the molecule from
natural sources was very minute even for structure elucidation problems and study its anticipated role as pest control molecule, there was intense interest in an efficient synthesis of this
molecule. Some disconnections for this simple molecule are depicted in Fig 1.5.2.
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Fig 1.5.2

Epoxides could be made from corresponding olefins. In this case, the olefin should be Z-olefin. When synthesis of such olefins are not stereospecific, direct epoxidation using peroxides
would yield a mixture of a- and B-epoxide from both isomeric olefins. To avoid such mixtures at the last stage, one should introduce selectivity at an early stage of the synthesis.
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The first attempt was directed towards synthesis of the appropriate olefin and epoxidation (B.A. Bierl et.al., (Science, 170, 88 (1970)). The stereoselectivity was unsatisfactory (Fig
1.5.3). This necessitated extensive purification.
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Outside Links

o http://en.wikipedia.org/wiki/Peroxycarboxylic_acid

o http://en.wikipedia.org/wiki/Epoxide

Problems

1. Predict the product of the reaction of cis-2-hexene with MCPBA (meta-chloroperoxybenzoic acid)

a) in acetone solvent.

SN MOPBA, OC(CHel
"

cis-2-hexene

b) in an aqueous medium with acid or base catalyst present.

/=\/\ MCPBA, H20 and H* or OH

cis-2-hexene

2. Predict the product of the reaction of trans-2-pentene with magnesium monoperoxyphthalate (MMPP) in a chloroform solvent.

W MMPP, CHCl

trans-2-pentene

3. Predict the product of the reaction of trans-3-hexene with MCPBA in ether solvent.

NN MCPBA, ROR

trans-3-hexene

4. Predict the reaction of propene with MCPBA.

a) in acetone solvent

~ S MCPBA, OC{CHs)

propere
b) after aqueous work-up.
e 1. MCPBA, OC(CHs)
iy
propene

2 H20, H* workup

5. Predict the reaction of cis-2-butene in chloroform solvent.

/:\ MCPBA, CHCl;
- =

cis-2-butene

Answers
1. a) Cis-2-methyl-3-propyloxacyclopropane

AND Enantiomar

SN MEPBA OCICHs):
ity

cis-2-hexene

cis-2-methyl-3-propyloxacyclopropane

b) Racemic (2R,3R)-2,3-hexanediol and (2S,3S)-2,3-hexanediol
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/:\/\ MCPBA, H20 and H+ or OH- .,

cis-2-hexene OH

(2R, 3R)-2 3-hexanediol (25 335)-2,3-hexanedicl

2. Trans-3-ethyl-2-methyloxacyclopropane.

AND Enantiomer

NN MMPP, CHCh A\

H
trans-2-pentens

frans-2-ethyl-2-methyloxacyclopropane

3. Trans-3,4-diethyloxacyclopropane.

[

N MCPEA, ROR \/&\-\
H

trans-3-hexene
trans-2 4-diethyloxacyclopropane {meso compound)

4. a) 1-ethyl-oxacyclopropane

S MCPBA, OC({CHz)z P

propens 1-ethyloxacyclopropane
b) Racemic (2S)-1,2-propandiol and (2R)-1,2-propanediol
R 1. MCPBA, OC(CHs}
N

propene

2 H20, H* workup
{25)-1,2-propanediol (2R}-1,2-propanediol

5. Cis-2,3-dimethyloxacyclopropane

SN MCPEBA, CHCl H.,
[

cis-2-hutene
cis-2,3-dimethyloxacyclopropane (meso,
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