Naming Carboxylic Acids

1. Simple carboxylic acids derived from open-chain alkanes are systematically named by
replacing the terminal —e with —oic acid; the —CO,H carbon is numbered C1.

2. Compounds with —-CO,H bonded to a ring are name using the suffix —carboxylic acid;
the —-CO,H is attached to C1 and is not numbered itself.

As a substituent, the CO,H is called a carboxyl group.

4. Acyl groups named by changing the —ic acid or —oic acid ending to —oyl.
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(R)-2-Bromopropanoic acid Propenoic acid (2R.35)-Dimethylpentanoic acid
(e-Bromopropionic acid) (Acrylic acid) (R, BS-Dimethylvaleric acid)
Structure Common Name Acyl group
HCO,H Formic Formyl
CH5CO5H Acetic Acetyl
CH3CH,CO5H Propionic Propionyl
CH3CH,CH4CO5H Butyric Butyryl
HO,CCOzH Oxalic Oxalyl
HOZCCH,COH Malonic Malonyl
HO,CCH;CH,CO5H Succinic Succinyl
HaC=CHCO;H Acrylic Acryloyl
HOZCCH=CHCO;H Maleic (cis) Maleoyl

COyH
O/ Benzoic Benzoyl
CO,H
@: Phthalic Phthaloy!
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Physical Properties of Carboxylic Acids Acidity of Carboxylic Acids
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Substituent Effects on Acidity

IR and NMR Spectra of Carboxylic Acids
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Reactions of Carboxylic Acids

Nucleophilic Substitution by Additivn-Elimination

=0

H\\. /c“-\.o.
VA

Deprotonation

R arCx
C OH =«

7K

H H
\c;‘
H
~c " ~oH

/N

Reduction

Alpha
substitution

Step 1. Protonation
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Acid or Base-Catalyzed Addition-Elimination

Protonation of a Carboxylic Acid
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Step 1. Deprotonation of NuH NulH o+ 3B ~ —Nu 4+ BH
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Step 3. Regeneration of Catalyst ‘L + H—=B == LH + B
(Alternatively, ~: L may act as a base In step 1)
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Conversion of Carboxylic Acids into Acid Chloride
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Conversion of Carboxylic Acids into Esters
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Acid-Catalyzed Esterification o0 o
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Esterification is an equilibrium

) N "y P process, with K= 1. One way
| write the mechanism (acid-catalyzed addition-elimination) | to shift the equilibrium toward
|| S w OMC 1| orater rom the reaction
S mH )
CHCOH  + HO—X D E— H3CJ\O R mixture; the other is to use an
R o excess of either of the starting
materials (practically using the
Hso.HO 7 70 alcohol as a solvent).
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Alternative, Less Common Mechanisms of

Esterification
4
(/N " - H,0
(CHy)sC—OH —— (CH3)30Q>H; — (CH3)3C*/;—R
9H+ e ﬁ A mechanism viable
(CH3),CO—C-R — (CH3)sCO—C-R for 3° alcohols
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Methylation of Carboxylic Acids

0} o}
: .':'
“OH “OCHg
+ CH3N3 + Np
B ic acid Di. hane Methyl benzoate
(100%)

Very efficient methyl ester
preparation method, but CH,N,
is explosive and hazardous.

Dimethyl sulfate is a highly efficient methylation reagent, but toxic.

QCH3 OCH;,
CHBOH A mechanism for sterically |C\) |C|) i
hindered acids HsCO—8—0CH, RCOO™ +| O=8—0CH; ——= RCOOCH; + 'O—ﬁ—OCH3
HsC 0
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Conversion of Carboxylic Acids into Amides Conversion of Carboxylic Acids into Anhydrides
B e
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Ammaonium Salts from Carboxylic Acids " ; ; 0
-~ i High temperature is required to Il 800 °C Il Il
I . reverse the salt formation. Intermolecular: 2 e c + H0
Ril':":‘ H + INHj = k("‘{]: HNH; Hzc” ~OH HaC” 07 TCHa
An carboxylate salt Acetic acid Acetic anhydride
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a-Bromination of Carboxylic Acids

A Hell-Volhard-Zelinsky™ Reaction

Br=Br, trace P

|
CH3CH,CH,CHCOOH + HBr
BO%

CH;CH,CH,CH,COOH

2-Bromopentanoic acid

Step 1. Acyl bromide formation

0 (0}

Il |
3RCH,COH + PBr;, —> 3RCH,CBr + H,PO,

Step 3. Bromination

Step 2. Enolation on o
Br=Bi "
0 RCH=C —> RCHCBr + HB1
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RCH.CBr == RCH=C_ Bi Br
ool Br Step 4. Exchange
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br Br s
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Reduction of Carboxylic Acids
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A carboxylic An aldehyde An alkoxide A 17 alcohol
acid (not isolated] ion

« Acid reduction requires higher temperatures (e.g., than aldehyde reduction) and
extended reaction times due to the high-energy dianion intermediate;
« Aldehyde is not obtained as it is more reactive (prone to be reduced) than an acid.
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Various Decarboxylation Reactions

‘ B-ketoacid decarboxylation: ‘

0 0 0 0 0 0
===t A Il [ A I
RCCHCOH —> RC(I'HH + €0, HOCCHCOH > RCHCOH + CO,
| |
R H R H
Carboxylic acid

J-Retoacid Retone
H it
HEH 0 He 12| 0 (8]
| . | I
O C — + [} — { e + CO,
H.C [ 0: H:C CH, | H;,C CH;

HOOCCH,COOH —

Draw mechanisms for these

O,NCH,COOH —
decarboxylation reactions.

NCCH,COOH —

RCH=CHCH,COOH —

17-19

Various Decarboxylation Reactions
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