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3.27: Protonation of the Alkoxide Anion

After the addition of an anionic nucleophile, reaction mixtures are usually treated with or water or dilute aqueous acid. The acid
provides a proton that can be picked up by the alkoxide ion formed in the nucleophilic addition. An alcohol is formed as a result.
Overall, carbonyl addition reactions usually involve addition of a nucleophile to the carbonyl carbon and addition of a proton to the
carbonyl oxygen.

The order of these steps can be very important. On paper, a carbonyl could be turned into an alcohol by adding a proton to the
carbonyl oxygen, and then adding a nucleophile to the carbonyl carbon. However, things might not work out that way in reality.
The potential problem lies in the fact that anionic nucleophiles can be pretty basic. If protons are added first, the anionic
nucleophile is likely to pick up a proton rather than donate to the carbonyl. Once the nucleophile has picked up a proton, it is no
longer anionic, and is less attracted to the partially positive carbonyl. Furthermore, it may have donated its only lone pair to the
proton, leaving it completely unable to donate to the carbonyl.

What is the source of protons? In most cases, a dilute aqueous solution of a strong acid is used. That is, a little bit of strong acid is
dissolved in water to provide plenty of protons to form the alcohol. The most common strong acids are hydrochloric acid, HCI, and
sulfuric acid, H,SO,.
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Figure 3.27.1:

Actually, just the water itself would be enough to donate protons. Water has a polar O-H bond and so it can transfer a positive
hydrogen ion to an anion. However, that would result in the exchange of one oxygen anion for another. Energetically, there
wouldn't be much difference between having the negative charge on the reaction product, the alkoxide, or on the hydroxide ion
from the water. That's why a strong acid is usually added.

In terms of le Chatelier, if you added enough water, you should be able to drive that equilibrium to the right. However, there would
always be a little unprotonated alkoxide left over at the end.

Exercise 3.27.1

Problem CO8.1.

Provide curved arrows and predict the direction of equilibrium in the following cases.
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Figure 3.27.2:

Answer
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Problem CO8.2.

1{ .

Suppose nucleophilic addition was performed in methanol (10 mL) as a solvent, using 25 microliters of cyclopentanone and an
equimolar amount as the of sodium cyanide (that means the same number of moles of sodium cyanide as cyclopentanone).

a. Show the mechanism for the reaction, using curved arrows in each step.

b. Comment on how the use of methanol as a solvent (rather than just adding an equimolar amount of methanol) would
influence the direction of equilibrium for the final protonation step.

Answer
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Exercise 3.27.3

Provide structures for the following acids. They are moderately strong acids, but not as commonly used in this context as
hydrochloric and sulfuric acid. Note that, like sulfuric acid, they all contain polar OH groups.

a) phosphoric acid, H3PO, b) nitric acid, HNOj; c) acetic acid, CH;CO,H

Answer
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phosphoric acid nitric acid acetic acid

Sometimes, weak acids are used to protonate the alkoxide intermediate. These acids are more acidic than water, so the equilibrium
in the protonation reaction lies more towards the alcohol side. However, because they are only weak acids, they are safer and easier
to work with than strong acids. Commone examples include ammonium chloride and sodium bicarbonate.
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Figure 3.27.3:

Exercise 3.27.4

What factor makes each of these compounds mildly acidic?

Answer

Ammonium chloride has an N-H bond, normally less polar than the O-H bond of water. However, the positive charge
makes this compound give up a proton more easily, because it results in a neutral (uncharged) ammonia molecule.

Sodium carbonate has a polar O-H bond, just like water. However, the anion that results from loss of a proton is resonance-
stabilised. That makes this compound more acidic than water.

C&i : .
: (jko T -,O,/L\—.‘%?

Exercise 3.27.5

Problem CO8.5.

Fill in the product or reagent for each of the following transformations. Remember there is always an acidic workup assumed.
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Figure 3.27.4:

https://chem.libretexts.org/@go/page/195731



https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/195731?pdf

LibreTextsw

NCH, e

PR

o o o
g AS
~— =

Me
NH

Mo ~ .
_—H
H / CN
_— \

v S

Figure 3.27.5:
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Exercise 3.27.6
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Figure 3.27.6:
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Figure 3.27.7:
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