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Nucleophilic Addition-Elimination at Acyl Carbon

Aldehydes and ketones undergo nucleophilic additions
to the carbonyl group:
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A typical reaction of carboxylic acids and their derivatives is
nucleophilic addition-elimination. The first step is nucleophilic addition
to the carbonyl to give a tetrahedral intermediate, but the presence of a
good leaving group (X) at this site results in an elimination that
regenerates the trigonal carbonyl.

Nucleophilic addition R Elimination
- ,(\ - -
R "“'CQ + N“:_ —- X ’ _6: —_— R "“_C=O + X:_
.y N
u

Tetrahedral
intermediate

This reaction mechanism is employed in many biolegical
systems, and biochemists call them acyl transfer reactions.







CED Acyl Halides

Acyl halides are among the most reactive of carboxylic acid derivatives. Acyl chlorides
are more common and less expensive than bromides or iodides. They can be prepared
from acids by reaction with thionyl chloride.
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R— C—— Ok SOCk — RESEEIIE HC) - SO, (10.32)
The mechanism is similar to that for the formation of chlorides from alcohols and
thionyl chloride. The hydroxyl group is converted to a good leaving group by the
thionyl chloride, followed by a nucleophilic acyl substitution in which chloride is the
nucleophile (compare with Sec. 7.10). Phosphorus pentachloride and other reagents
can also be used to prepare acyl chlorides from carboxylic acids.
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R—C—OH + PCl; —~ R—C—Cl + HCl + POCl; (10.33)

Acyl halides react rapidly with most nucleophiles. For example, they are rapidly
hydrolyzed by water.
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CH,—C—Cl + HOH -2~ CH,—C—OH + HCl (10.34)

acetyl chloride acetic acid (fumes)
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Synthesis of Acyl Chlorides

Because of their reactivity, acyl chlorides must bprepared under
conditions that exclude exposure to good nucleophk# like water.
Common reagents that convert carboxylic acids intacyl chlorides are
phosphorus trichloride (PCl;) phosphorus pentachloride (PG), and
thionyl chloride (SOCI,).

Typical Synthetic Procedures

The carboxylic acid is heated with the reagentith or without the
presence of an inert solvent.
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OH Cl
+ SOC) ~Teal + SO, + HCI
Thionyl chloride

Benzoic acid  (bp 75-76°C) Benzoyl chloride

Thionyl chloride is an especially convenient reagerecause the
byproducts are gases and easily removed. Excessothyl chloride is easy
to remove by distillation.




Use of Phosphorus Pentachloride

OH Cl
+ PCly —— + POCl + HCI
O2N NO; O,N NO,
3,5-Dinitrobenzoic acid 3,5-Dinitrobenzoyl Phosphorus
chloride oxychloride

The acyl chlorides are usually isolated and wified, often by
distillation. They are reasonably stable in the abence of water and
other nucleophiles.

Both SOC}, and PCk are strong electrophiles that transform the
hydroxyl into a much better leaving group, therebypromoting
substitution at the acyl carbon.
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10.25 First prepare butanoyl chloride:

Sele
CHCH,CH,COH  ——=22 = CHyCHaCH.COCI

Then perform a Friedel-Crafts acylation:

CH,CH,CH,COCI G
HaC > HiC —CH,CH,CH;
AlCl5




Reactions of Acyl Chlorides

Acyl chlorides are easily converted into other acyl compounds (acid
anhydrides, esters, amides, etc.) by reaction with the appropriate nucleophile.
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Anhydrides undergo nucleophilic acyl substitution reactions. They are more reactive
than esters. but less reactive than acyl halides, toward nucleophiles. Some typical
reactions of acetic anhydride follow:
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' ester
bp 139.5°C
O
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CH,C—NH, + CH,C—OH

amide

Water hydrolyzes an anhydride to the corresponding acid. Alcohols give esters, and
ammonia gives amides. In each case, one equivalent of acid is also produced.
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Reactions of Carboxylic Acid Anhydrides

Carboxylic acid anhydrides and acyl chlorides show parallel patterns
of reactions. The latter react faster because of the better leaving
group ability of CI.

Examples

Rg-Cl + :Nu —» RC-Nu + CI'

0
RC-OCR' + :Nu —» RC-Nu + R'CO;

faster

slower
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RC-OR" + R'COOH
RC-NH, + R'COO NH,*
Rg-NHR" + R'COO" R"NH;*

RC-NR"R'"' + R'COO R"R'"'NH,"
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b. Use the middle of eq. 10.39 as a guide:
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c. Use the bottom of eq. 10.39 as a guide:
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salicylic acid acetic anhydride

acetylsalicylic acid
(aspirin)

+ CH,CO,H

(10.40)




