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Amines and Heterocycles

I i
C C 0]
“OH I 1l NaOH “OH )
+ CH3COCCH3 H2—0> + CH3CO
OH (I)
Salicylic acid Acetic &C\ CH
(o-hydroxybenzoic acid) anhydride 3
» _ Aspirin (an ester)
) O
g H,0, NaOH | & roM
F e or H;0t ~ P Y
R OR'’ 3 R OH
Ester Acid Alcohol
This bond is broken.
0]
g 1. NaOH, H,0 |(|: v il
* F 2vn3
CHaCHZ  “OCHaCHg  %-He0 CHsCH; “OH
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From Alcohols

M Oxidation of a primary alcohol or an aldehyde with
CrOs in aqueous acid

CHs CHsj (l?
CrO
CH3CHCHaCHaCHOH  ——=%>  CH3CHCH,CH,COH
3
4-Methyl-1-pentanol 4-Methylpentanoic acid
O O
I cro, I
CH3CH,CH,CH,CH5,CH H—O+—> CH3CH,CH,CH,CH,COH
3
Hexanal Hexanoic acid
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20.7 Chemistry of Nitriles

M Nitriles and carboxylic acids both have a carbon
atom with three bonds to an electronegative atom,
and contain a ® bond

W Both both are electrophiles

(@)
/
R—C=N R—C
\
OH
A nitrile—three An acid—three

bonds to nitrogen bonds to two oxygens



Preparation of Nitriles by Dehydration

M Reaction of primary amides RCONH, with SOCl, or
POClI; (or other dehydrating agents)

B Not limited by steric hindrance or side reactions (as
is the reaction of alkyl halides with NaCN)

O
I SOCl,, benzene _
CH3CH2CH2CH2C|:HC—NH2 80 °C CH3CH2CH2CH2CI:HC:N + SO, + 2HCI
CH,CH3 CH,CH3
2-Ethylhexanamide 2-Ethylhexanenitrile (94%)
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Amines — Organic Nitrogen Compounds
M Organic derivatives of ammonia, NHs,

M Nitrogen atom with a lone pair of electrons, making
amines both basic and nucleophilic

M Occur in plants and animals

N H 0

Trimethylamine Nicotine Cocaine
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Why this Chapter?

B Amines and carbonyl compounds are the most
abundant and have rich chemistry

M In addition to proteins and nucleic acids, a majority
of pharmaceutical agents contain amine functional
groups

24.1 Naming Amines

B Alkyl-substituted (alkylamines) or aryl-substituted
(arylamines)

M Classified: 1° (RNH;), methyl (CHsNH,), 2° (R,NH), 3°

(RsN)
CHs3 CHs CHs
H3C—CII—OH H3C—llJ H3C—(|3—NH2
tHy Hy tHy
tert-Butyl alcohol Trimethylamine tert-Butylamine
(a tertiary alcohol) (a tertiary amine) (a primary amine)

© 2007 Thomson Higher Education

Quaternary Ammonium lons

M A nitrogen atom with four attached groups is
positively charged

B Compounds are quaternary ammonium salts
R

|+
R—N—

|
R
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R X A quaternary ammonium salt



IUPAC Names — Simple Amines

M For simple amines, the suffix -amine is added to the
name of the alkyl substituent

<|3H3 NH, [ NH, |
H3C—C|:— NH,

CH3
tert-Butylamine Cyclohexylamine i Aniline ]
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IUPAC Names - “-amine” Suffix

M The suffix -amine can be used in place of the final -e
in the name of the parent compound

NH
HsC HoNCH,CH2CH,CHoNH»
H3C
i;4:Dingthylcyclohexanamine 1,4-Butanediamine

IUPAC Names — Amines With More Than One
Functional Group

B Consider the —NH, as an amino substituent on the
parent molecule

COLH

e e I
CH3CH,CHCO%H H>NCH>CH>CCH
4332212 242322‘13

NH,

2-Aminobutanoic acid 2,4-Diaminobenzoic acid 4-Amino-2-butanone
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IUPAC Names — Multiple Alkyl Groups

B Symmetrical secondary and tertiary amines are
named by adding the prefix di- or tri- to the alkyl

group
I
N CH3CH2—ITI—CH2CH3
©/ \© .
Diphenylamine Triethylamine

© 2007 Thomson

IUPAC Names — Multiple, Different Alkyl Groups
B Named as N-substituted primary amines

M Largest alkyl group is the parent name, and other
alkyl groups are considered N-substituents

H3C__CH,CH3
N
H3C
X
/N—CHQCH2CH3
HC

N,N-Dimethylpropylamine N-Ethyl-N-methylcyclohexylamine
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Common Names of Heterocyclic Amines

M If the nitrogen atom occurs as part of a ring, the
compound is designated as being heterocyclic

M Each ring system has its own parent name

4 5 4
3 /\3 6 X3 4/N3
| #12 l >2 7 A2 51 \2
N N’ N N
l 8 1 |
H H

1 1

Pyridine Pyrrole Quinoline Imidazole
4 3 4 ’ ; 4
5 5 XN 3
S OIS TRG
6 6 A2 2
N N N
N
H H H
Indole Pyrimidine Pyrrolidine Piperidine
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24.9 Heterocycles

M A heterocycle is a cyclic compound that contains
atoms of two or more elements in its ring, usually C

along with N, O, or S

N
H3C
CH,0P03%~
S CHO
H7 NP oH 0 K/ H3C
CHs “CHg HO,C
Pyridoxal phosphate Sildenafil Heme

(a coenzyme) (Viagra)
© 2007 Thomson Higher Education



Pyrole and Imidazole
M Pyrole is an amine and a conjugated diene,

however its chemical properties are not consistent
with either of structural features

Lone pair in
p orbital

H H
3. @D
H p?-hybridized

Six 7 electrons

—
N—H
5

Pyrrole

© 2007 Thomson Higher Education

Polycyclic Heterocycles

2 ) ’
7 N 2
8 1
Quinoline Isoquinoline Indole Purine

CH=CH, €Oz~
NH»
- NH
H Uil N
=
A\ </ | J'
2
N N N
\ /
H H
Quinine Tryptophan Adenine

(antimalarial) (amino acid) (DNA constituent)
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