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5.10: Semi-Anionic Nucleophiles

Carboxyloids can be interconverted through addition of typical heteroatomic nucleophiles: amines, alcohols, thiols and water. In
addition, other nucleophiles can displace the "leaving group" on a carboxyloid, provided the nucleophile is reactive enough.

Exercise 5.10.1

Could a halide, such as bromide or chloride, replace a carboxyloid leaving group easily? Explain.

Answer

Because acid chlorides are at the top of the carboxyloid reactivity diagram (the ski hill), and other halides are likely to be
similar in reactivity to the chloride, this reaction would be uphill from the other carboxyloids.

Carbon and hydrogen anions (or "semianions") are very good nucleophiles. Earlier, we saw how they can react with simple
carbonyls. Although the lone pair on a carbon or a hydrogen is often masked in a covalent bond with a moderately electropositive
metal such as aluminum or magnesium, that bonding pair of electrons is still nucleophilic enough to donate to a good electrophile.
These nucleophiles can often react with carboxylic acid derivatives.
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Draw a mechanism for the replacement of the chloride in propanoyl chloride with a hydride from lithium aluminum hydride.

Exercise 5.10.2

Exercise 5.10.3

Draw a mechanism for the replacement of the chloride in propanoyl chloride with a methyl from methylmagnesium chloride.

Addition of a Grignard reagent (alkylmagnesium halide) to a carboxyloid results in the formation of a ketone. Addition of a
complex hydride reagent (such as lithium aluminum hydride) to a carboxyloid results in the formation of an aldehyde. We have
already seen that these reagents can add to aldehydes and ketones to afford alcohols.
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So, what happens if a Grignard reagent is added to an acid chloride or an acid anhydride? The carboxyloid would be converted to a
ketone. If there are still more Grignard molecules around, they would probably convert the ketone into an alkoxide ion (and
ultimately an alcohol via protonation). The thing is, it is very likely that there will be more Grignard molecules around. A reaction

@ 0 a 5.10.1 https://chem.libretexts.org/@go/page/189951



https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189951?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/Book%3A_Structure_and_Reactivity_in_Organic_Biological_and_Inorganic_Chemistry_(Schaller)/III%3A_Reactivity_in_Organic_Biological_and_Inorganic_Chemistry_1/05%3A_Substitution_at_Carboxyloids/5.10%3A_Semi-Anionic_Nucleophiles

LibreTextsm

tends to involve millions of reactant molecules, so by the time the first thousand or so molecules of carboxyloid have been
converted to ketone, hundreds of those ketone molecules have already been converted to alkoxide.

In most cases, alkyl reagents and hydride reagents will add twice to carboxyloids. They will convert the carboxyloid into an
aldehyde or ketone. Because aldehydes and ketones also react with hydride and alkyl nucleophiles, they will react a second time.
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Figure 5.10.1: A modified potential energy surface that includes aldehydes and ketones.

Exercise 5.10.4

Grignard reagents will not effect leaving group replacement in carboxylic acids. Show why that particular reaction does not
occur, with the help of a mechanism.

Answer

Exercise 5.10.5

Grignard reagents generally do not react with either amides or carboxylate ions. Explain why.

Answer

Amides and carboxylates are the least reactive carboxyloids, so it might not be too surprising that they do not react
with these nucleophiles.
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When a series of compounds varies from more reactive to less reactive in a particular reaction type, the possibility for selectivity
arises. Some reagents may react with a few carboxyloids, but not with others. For example, organocuprates such as (CHs),CulLi,
which do not generally react well with aldehydes and ketones, are very selective in terms of which carboxyloids they will react
with.

Exercise 5.10.6

Which carboxyloids do you think will react with (CH3),CuLi? Show the reaction in each case (the reactant, reagent, and a
reaction arrow going to the product). Explain your reasoning.

Answer

Acid chlorides typically react with these cuprate reagents.

Exercise 5.10.7

Complex hydride reagents can be very selective towards carboxyloids. For example, sodium borohydride is not powerful
enough to react with esters.

a. Which of the carboxyloids can sodium borohydride react with? Explain.
b. What other carboxyloids can sodium borohydride NOT react with? Explain.

Answer

Borohydrides could presumably react with acid chlorides, anhydrides and thioesters, which are the most reactive
carboxyloids. They probably can't react with amids or carboxylate ions, which are even farther downhill than esters.

Exercise 5.10.8

Lithium aluminum hydride can induce carboxylic substitution with carboxylate salts such as sodium octanoate.

a. What would be the ultimate product of this reaction? Explain.
b. What other carboxyloids can lithium aluminum hydride react with? Explain.

Exercise 5.10.9

a) Which is more reactive: lithium aluminum hydride or sodium borohydride?

a. Which is more selective: lithium aluminum hydride or sodium borohydride?
b. How can you explain the difference in reactivity between lithium aluminum hydride and sodium borohydride?

Exercise 5.10.10

The reaction of lithium aluminum hydride with amides is unusual in that the final product of the reaction is generally an amine.

a. Why does this reaction seem to be different from other carboxyloid reactions?
b. Draw a mechanism for this reaction. (Hint: at some point, an oxygen atom donates a pair of electrons to aluminum.)
c. Propose a reason why this hydride reaction follows a different path than other reactions of hydrides with carboxyloids.

Exercise 5.10.11

Fill in the products of the following reactions.
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