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nucleophilic acyl substitution of a carboxylic acid is difficult

ccause -1
sary toeen(}zi;:_.: ‘tll POO:‘ lﬂt'\v.ing group (S.cction 7.5). Thus, it’s usually neces-
alyst to protonat :;—“ reactivity of the ncld‘, cither by using a strong acid cat-
the ~OH int e the cnrbo:fyl and make it a better acceptor or by converting
0 a better leaving group. Under the right conditions, however,

acid chlo 1 .
boxylic az ;gsl& anhydrides, esters, and amides can all be prepared from car-

Conversion of Acids into Acid Chlorides (RCO,H — RCOCI)

ccl?l;}:-?gghg gccl:ds are convert_ed into acid chlorides by treatment with thionyl
pathwa' ! 1?. The reaction occurs by a nucleophilic acyl substitution
sulfite ly :n whlc'h the carboxylic acxfi is first converted into an acyl chloro-
bett ln ermediate, thereby replacing the ~OH of the acid with a much

er leaving group. The chlorosulfite then reacts with a nucleophilic chlo-

ride ion,
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Carboxylic A chlorosulfite Acid chloride

acid

Conversion of Acids into Esters (RCO,H — RCO;R)

Perhaps the most useful reaction of carboxylic acids is their conversion into
esters by reaction with an alcohol—the substitution of -OH by -OR. Called
the Fischer esterification reaction, the simplest method involves heating the

carboxylic acid with an acid catalyst in an alcohol solvent.
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1
C HCI Cc
SOoH catalyst \OCHZCH3
+ CH3CH,0H + Hy0

Ethyl benzoate {91%)

Benzaic acid

10.5, the acid catalyst first protonates an oxygen atom
of the ~COgH group, which gives the carboxylic acid a positive charge and
makes it more reactive toward nucleophiles. An alcohol molecule then adds to
the protonated carboxylic acid, and subsequent loss of water yields the ester

product.

As shown in Figure
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MECHANISM /"

Figure 10.5 Mechanism of the
Fischer esterification reaction of a
carboxylic acid to yield an ester, The

reaction is an acid-catalyzed nucleo-

philic acyl substitution.
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Q Protonation of the carbonyl oxygen
activates the carboxylic acid . . .

ek
. F
-~ C\OH :(!)
R
H
... toward nucleophilic attack by alcohol, [2) ”
vielding a tetrahedral intermediate.
(I)H
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© Transfer of praton from one oxygen
atom to another yields a second (3) ”
tetrahedral intermediate and converts
the OH group into a good leaving group.
O/H 3OH2
|
.C
R,l \ORy
H—+? )
H
| DR )
(4] Loss of a proton and expulsion of H,0
regenerates the acid catalyst and gives (4] u
the ester product,
0 S
(I:l + Hy0t 3
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R™ or s
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Amides are carboxylic acid derivatives in which the acj
. e acid -QOH
replaced by a nitrogen substituent, -NH,, - HR, or =-NR,, Ag;(:l?s) };:: gfg
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R/ \OH +

Carboxylic
acid

Norked Example 10.3 /

Strategy

Solution

o-Bromobenzoic acid

Cc N
“OH - HCI OCH,CH,CH3
+ CH3CH;CHy catalyst
Br B
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the carboxylic I:chi%rou-p’ In practice, amides are usually prepared by treating
lowed by addition f:‘“th d{cyclohcxylcarbodiimide (DCC) to activate it, fol-
f0r Dreparing ook e amine. We'l see in Section 15.7 that this DCC method

. ami i ; .
Proteins from, amil::i :?diartlcmarly useful for the laboratory synthesis of

_N ﬁ H\N/CeHn
Néc —_— /C\ /(l:\ R'NH; i é H
R 0 RS T R/ \NHR' Oé ~ I’?l/
CsH11 Amide CgHi1
DCcC

Conversion of Acids into Alcohols (RCO,H — RCH,OH)

ﬁs Wwe saw in Section 8.3, carboxylic acids are reduced by lithium aluminum
ydride (LiAlH,) to yield primary alcohols. The reaction occurs by initial sub-

stitution of the acid ~OH group by —H to give an aldehyde intermediate that
is further reduced to the alcohol.

0 0
H H H H
I H I e \/ HO* \/
PN T c — c —_ C
R OH ‘UA‘H,‘) R/ ~ H [LIA‘H‘] R/ \0— R/ \OH
A carboxylic An aldehyde An alkoxide A 1° alcohol
acid {not isolated) ion

Synthesizing an Ester from an Acid

How might you prepare the following ester using a Fischer esterification
reaction?
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@ OCH,CH,CH3
B
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Begin by identifying the two parts of the ester. The acyl part comes from the
carboxylic acid, and the ~OR part comes from the alcohol. In this case, the target
molecule is propyl o-bromobenzoate, so it can be prepared by treating o-bromo-
benzoic acid with propan-1-ol.

0
T Il

H,0
r

Propan-1-ol Propyl o-bromobenzoate
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