The burning sensation produced by touching or eating chili peppers is due to capsaicin, a carboxylic
acid derivative called an amide. Image copyright Marie C. Fields, 2010. Used under license from Shutterstock.com
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CH3CH,COH CH3CHCH2CH2COH HOCCH2CHCH2CH2CHCH2COH
4 3 2 12 3 4 5 6 7

Propanoic acid 4-Methylpentanoic acid 3-Ethyl-6-methyloctanedioic acid

Compounds that have a —CO,H group bonded to a ring are named using the
suffix -carboxylic acid. The CO>H carbon is attached to C1 in this system and is
not itself numbered. As a substituent, the CO,H group is called a carboxyl

group.

CO-H

trans-4-Hydroxycyclohexanecarboxylic acid 1-Cyclopentenecarboxylic acid




1
%H3§H§H2§HZ?N 4-Methylpentanenitrile

Nitriles can also be named as derivatives of carboxylic acids by replacing the
-ic acid or -oic acid ending with -onitrile, or by replacing the -carboxylic acid end-
ing with -carbonitrile. The nitrile carbon atom is attached to C1 but is not itself
numbered.

C=N . 1 CN
CH3C=N CH3
4 2
3 CHj
Acetonitrile Benzonitrile 2,2-Dimethylcyclohexanecarbonitrile

(from acetic acid) (from benzoic acid) (from 2,2-dimethylcyclohexane-
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A carboxylic acid A carboxylic acid salt
(water-insoluble) (water-soluble)
OH
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CH3CH,OH CH3COH HCI

pK, =16 pK, =9.89 pK, =4.76 pK, =-7
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Problem 20.3

Assume you have a mixture of naphthalene and benzoic acid that you want to separate.
How might you take advantage of the acidity of one component in the mixture to effect a
separation?
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CICHoCH,CH,COH CH3CHCH,COH CH3CH,CHCOH
pK,; = 4.52 pK,; = 4.05 pK, = 2.86
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Table 20.4 Substituent Effects on Acidity of p-Substituted Benzoic Acids

O
/
\
OH
Y K, X 107> pK;,
Stronger —NO» 39 3.41
id
e —CN 28 3.55
—CHO 18 3.75 Deactivating groups
—Br 11 3.96
—Cl 10 4.0
—H 6.46 4.19
—CHj3 4.3 4.34
Weaker —OCH;3 3.5 4.46 Activating groups
acid —OH 3.3 4.48
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CH30” 0,N
p-Methoxybenzoic acid Benzoic acid p-Nitrobenzoic acid
(PK,; = 4.46) (pK,; = 4.19) (pKy = 3.41)
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e Oxidation of a substituted alkylbenzene with KMnO4 or Na;CryO7 gives
a substituted benzoic acid (Section 16.9). Both primary and secondary
alkyl groups can be oxidized, but tertiary groups are not affected.

I
KM
ow@cw; N9 OZNOCOH
H,0, 95 °C
p-Nitrotoluene p-Nitrobenzoic acid (88%)




Jl 205 BRI

- SHEE
e Oxidation of a primary alcohol or an aldehyde yields a carboxylic acid

(Sections 17.7 and 19.3). Primary alcohols are often oxidized with
CrO3 in aqueous acid, and aldehydes are similarly oxidized.

i .
CrO
CH3CHCH,CH,CH,OH 7f3%+ CH3CHCH,CH,COH
3
4-Methyl-1-pentanol 4-Methylpentanoic acid
@) @)
I co, I
CH3CH»CH2CH>CH,»CH W) CH3CH»CH2CH7CH»COH
3

Hexanal Hexanoic acid
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1. NaOH, Hzo
2. H;0*
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Phenylmagnesium Benzoic acid

bromide
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Solution
CHoC=N
Nat —CN

THF
CHzBr
\ CHQMQBI’
Benzyl bromide Mg

Ether

Problem 20.10

How would you prepare the following carboxylic acids?
(a) (CH3)3CC02H from (CH3)3CC|

(b) CHgCHzCHzCOzH from CHgCHzCHzBr

H30%
I
CH,COH
1.Co, Phenylacetic acid
2. H30+
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Problem 20.11
How might you prepare 2-phenylethanol from benzyl bromide? More than one step is
needed.
CHzBI’ , CH2CH20H
LN
Problem 20.12

How might you carry out the following transformation? More than one step is needed.

Q/CHZOH ? Q/CHZCHZOH
—_—
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I SOCly, benzene
CH3CH2CH2CH2C|:HC_NH2 80 °C
CH,CHg

2-Ethylhexanamide

QO: ve —
:0: Cl
/g\ C)\S/m
¢y el 0~ ¢
N |
(|3| [\ R/C%III/H
CJt.. I
R” “NH; H
An amide -

CH3CH2CH2CH2(|:HCEN + S0, + 2HCI
CH,>CH3

2-Ethylhexanenitrile (94 %)

I I
S s/ + SO,
o~ cl Q;’ e
I — I ——— R—C=N
/C%_,_/H(’—-Base /C <Base

X
ITI R C—II\IJ A nitrile
H H

POCIstB R LU E /9B 7K5F
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Carbonyl 3?09 . O .
compound [ NU= |
%C\/\—u> A —> Products
R R R4 ~Nu
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Nitrile

N~
I

e ——  Products
~Nu

R/

Imine anion
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R NH, R OH
Amide Carboxylic
acid
Vﬂ
H H _ Q
N,/ LiAIH, R—C=N R'MgX I
/C\ i ™
R NH, Nitrile R R’

Amine Ketone
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Hydrolysis: Conversion of Nitriles into Carboxylic Acids Among the most
useful reactions of nitriles is their hydrolysis to yield first an amide and then a
carboxylic acid plus ammonia or an amine. The reaction occurs in either basic

or acidic aqueous solution:

+ NH3

150° I 150° I
— 3 3

or NaOH, H»0 ~ \NHZ or NaOH, H»0 R \OH

R

A nitrile An amide A carboxylic
acid
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LiAlH,
—_—

Benzonitrile

Reduction: Conversion of Nitriles into Amines Reduction of a nitrile with
LiAlHy4 gives a primary amine, RNH»,. The reaction occurs by nucleophilic addi-
tion of hydride ion to the polar C=N bond, yielding an imine anion, which
still contains a C=N bond and therefore undergoes a second nucleophilic addi-
tion of hydride to give a dianion. Both monoanion and dianion intermediates
are undoubtedly stabilized by Lewis acid—base complexation to an aluminum
species, facilitating the second addition that would otherwise be ditficult. Pro-
tonation of the dianion by addition of water in a subsequent step gives the

amine.

ether

AlX3

H H
\ /
Ce -
Hy0 NH»

Benzylamine
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Reaction of Nitriles with Grignard Reagents Grignard reagents add to a nitrile
to give an intermediate imine anion that is hydrolyzed by addition of water to
yield a ketone. The mechanism of the hydrolysis is the exact reverse of imine

formation (see Figure 19.6 on page 737).

‘N?: O
f\:R/— +ng || ﬁ) (! + NH
R—C=N: Cw SN, 3
W) R R’ R R
Nitrile Imine anion Ketone

The reaction is similar to the reduction of a nitrile to an amine, except that
only one nucleophilic addition occurs rather than two and the attacking
nucleophile is a carbanion (R:7) rather than a hydride ion. For example:

I

N

c” Cw
1. CH3CH,MgBr, ether CH2CH3
2. H;0%

Benzonitrile Propiophenone

(89%)
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. {553 How would you prepare 2-methyl-3-pentanone from a nitrile?

O

I
CH3CH2CC|:HCH3 2-Methyl-3-pentanone

CHj

Strategy

A ketone results from the reaction between a Grignard reagent and a nitrile, with the
C= N carbon of the nitrile becoming the carbonyl carbon. Identify the two groups attached
to the carbonyl carbon atom in the product. One will come from the Grignard reagent, and
the other will come from the nitrile.

Solution
There are two possibilities.

CH3
CH3CH,C=N 0 |
1. Grignard | 1. Grignard CH3CHC=N
+ \ rignar CH3CH2CCHCH3 rignar )
2. H30+ | 2. H30+ +
(CH3)2CH|V|QBI’ CH3
CH3CH,MgBr

2-Methyl-3-pentanone
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Problem 20.13
How would you prepare the following carbonyl compounds from a nitrile?
(a) CI? (b) (ﬁ
CH3CH2CCH»CH C
32 23 \CH3
OoN
Problem 20.14

How would you prepare 1-phenyl-2-butanone, CgHsCH,COCH,CHs, from benzyl bromide,
CeHsCH>Br? More than one step is required.
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Figure 20.5 IR spectrum of butanoic acid, CH3CH,CH,CO5H.

Nitriles show an intense and easily recognizable C=N bond absorption near
2250 cm~1! for saturated compounds and 2230 cm~! for aromatic and conju-
gated molecules. Few other functional groups absorb in this region, so IR spec-
troscopy is highly diagnostic for nitriles.
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Figure 20.6 Proton NMR spectrum of phenylacetic acid, CgHsCH,CO5H.

Problem 20.16
How could you distinguish between the isomers cyclopentanecarboxylic acid and

4-hydroxycyclohexanone by 'H and >*C NMR spectroscopy? (See Problem 20.15.)
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