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9.5: HYDRATION- OXYMERCURATION-DEMERCURATION

Learning Objective

o apply the principles of regioselectivity and stereoselectivity to the addition reactions of alkenes
o predict the products, specify the reagents, and discern most efficient reaction for hydration of alkenes (acid catalyzed hydration; or
oxymercuration/demercuration; or hydroboration/oxidation)

INTRODUCTION

Acid-catalyzed hydration of alkenes is limited by carbocation stability. Carbocation rearrangement can occur to form a more stable ion as
shown in the example below.
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Alkene hydration using the oxymercuration-demercuration reaction pathway reliably produces the Markovnikov product without
carbocation rearrangment as shown in the example below.
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Oxymercuration-Demercuration is a two step pathway used to produce alcohols.

OXYMERCURATION-DEMERCURATION MECHANISM

This mechanism is similar to the previous electrophilic addition reactions. The major difference is that a mercurium ion bridge stabilizes the
carbocation intermediate so that it cannot rearrange. Metals are electropositive. Mercury carries a partial positive charge in the acetate
complex and is the electrophile. During the first step of this mechanism, the pi electrons form a bond to mercury while the lone pair on the
mercury simultaneously bonds to the other vinyl carbon creating a mercurium ion bridge. The mercurium ion forms in conjunction with the
loss of an acetate ion. The mercurium ion stabilizes the carbocation so that it does not rearrange. In the second step of this mechanism, a
water molecule reacts with the most substituted carbon to open the mercurium ion bridge. The third step of this mechanism is a proton
transfer to a solvent water molecule to neutralize the addition product. The fourth step of the reaction pathway is the reduction of the
organomercury intermediate with sodium borohydride under basic conditions. The mechanism of the fourth step is beyond the scope of first
year organic chemistry.
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Notice that overall, the oxymercuration - demercuration mechanism follows Markovnikov's Regioselectivity with the OH group attached to
the most substituted carbon and the H attached to the least substituted carbon. The reaction is useful, because strong acids are not required
and carbocation rearrangements are avoided because no discreet carbocation intermediate forms.

Exercise

1. Show how to prepare 3-methyl2-pentanol from 3-methyl-1-pentene.

Note: Questions 2-5 have not shown the water present in the sulfuric acid solution and have indicated a second neutralization step.
Some authors simply write H/H,O as a single step.

2. Draw the bond-line structure for the product.
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3. Draw the bond-line structure for the product. How does the cyclopropane group affect the reaction?
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4. Draw the bond-line structure for the product. (Hint: What is different about this problem?)
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5. Draw the bond-line structure for the product(s). Indicate any shifts as well as the major product:
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6. In each case, predict the product(s) of these reactants of oxymercuration.

1)Hg(OAc), H,0
2) NaBH,
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7. Propose the alkene that was the reactant for each of these products of oxymercuration.
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Answer
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2. This reaction is electrophilic hydration.
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3. The answer is additional side products, but the major product formed is still the same (the product shown). Depending
on the temperatures used, the cyclopropane may open up into a straight chain, which makes it unlikely that the major product
will form (after the reaction, it is unlikely that the 3° carbon will remain as such).
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4. A hydride shift actually occurs from the top of the 1-methylcyclopentane to where the carbocation had formed.
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5. In the first picture shown below, an alkyl shift occurs but a hydride shift (which occurs faster) is possible. Why doesn't a
hydride shift occur? The answer is because the alkyl shift leads to a more stable product. There is a noticeable amount of
side product that forms where the two methyl groups are, but the major product shown below is still the most significant due
to the hyperconjugation that occurs by being in between the two cyclohexanes.
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