Reactions with Water: Hydrolysis
Acid Chlorides and Acid Anhydrides
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Low-weight acid chlorides and acid anhydrides will react with water to form
carboxylic acids.
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c. The mechanism is the same for both.
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Step 1. Protonation of a ca rbonyl oxygen followed by addition of H;{I} to one of the carbonyl | [vAs@ble
| Broups gives a tetrahedral carbonyl addition intermediate. 7 ]
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Step 2: Protonation of the leaving group followed by collapse of the tetrah edral carbony|
addition intermediate gives two molecules ::3:33 rbasxylic &;id and generates
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1.

Esters hydrolyze very slowly, but the process moves faster If an ester s
refluxed with agueous acid or base.

This is essentially the Fischer esterification reaction in reverse —
remember that that mechanism occurs in eguilibrium|
a. How do we use the acid catalyst?




3. What happens with we use a base catalyst?
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1. Hydroxide ion is a good nucleophile and can attack at the
carbonyl carbon.
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I_1;.."1 chanism #2: Hydrolysis of an Fster in Aqueous Base {53

Step 1: Addtion of hydroxide ion to the *&_hﬂﬁ‘f.' -r:arl::gn of the est r teg?,ur .
carbonyl addition intermediate. ﬁéj__/ pa =P ~@ 9 gfﬁﬁ

Step 2: Collapse of this intermediate gives a carboxylic acid and an alkoxide ion.

Step 3: Proton transfer between the carboxyl group and the alkoxide ion gives the carboxylate
| anion. This strongly exothermic acid-base reaction drives the whole reaction to

completion.
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4. One last point about using acids and bases for hydrolysis:
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c. Acid-catalyzed reaction is reversible, but the base-catalyzed reaction
i¢ irreversible (carboxylate anion is not attacked by an alcohol

molecule (a weak nuclecphile).

D, Amides
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2. Acid catalyred hydrolysis reactons will lead to the formation of a ca rboxylic
4 '“-'-\.L“'Hi' b a0d and an ammonium N ‘& ¢ ©
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3. One mole of either acid or base 15 regured for each reaction.
4. These reactions are similar 1o the hydrobysis of esters mechanisms.

Mechansm #3: Hydrolysis of an Aride in Agueous Acd

Step 1) Protonation of the carb

¢l onvygen gives a resonance-staly red cation intergediate
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Step 2: Addition of water to the carbonyl carbon of the cation intermediate followed by proton !

s transfer gives a tetrahedral car booyl gddition intermediate o -

Ak BT p-gn % R oM |
ﬂ""} w"“" g ™ E: —_— ] - xq..r; :‘ X &)
;{w"" ' Nily L . " L e’

e k_ Mhy | -IE' R RS

k I Il " |

i o o m .‘13'1. + N/ @J I
.f' : : ot .

| X ) H- : + My —2 - "L-‘ :
i (:EE:, ' Ly F

e T




