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Chapter 11: Amines
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Re card 21 L ,
3430 Classification and Structure

wo N~y
: . H
Amines can be classified as follows: N Gl 3
Sys\,wjlbb\ 3 covalent bends J&.!
iq —— lone pair  leuc .2
NH, ammonia
R;NH, 1° amine
BrNH 2° amine
BN 3° amine
NH aMmMONIUM - & covaler bands < Salt

C—

R4Ny+ 4° alkylammonium (salt)
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$6:8¢  Structure & CIaSS|f|cat|on

. Ammes are further d|V|ged into a Ilghatlc
[omat ¢, and heterocyclic amines.

: An amine in which nitrogen is
bonded only to alkyl groups. = N ~R

: An amine in which nitrogen is
bonded to one or more aryl groups. N L

CHjg CHsg
- | |
NH, N—H CHy—N—CH
Aniline N-Methylaniline Benzyldimethylamine

(a 1° aromatic amine) (a 2° aromatic amine) (a 3° aliphatic amine)
* — TN N Y

Copyright © John Wiley & Sons, Inc. All rights reserved. “



Structure & Classification

Chaﬁeri ij&T‘§
: An amine in which nitrogen is
\[— one of the atoms of a ring.

\_-}S"p*l - C ()\%';_d)

NOF
o0 o0
| | ;T
H H H
Pyrrgdidine Pipetidine Pyitole Pyridine

(heterocyclic alipKatic amines) (heterocyclic arorfatic amines)

Copyright © John Wiley & Sons, Inc. All rights reserved.




1.

+ 12 Amines — 1R - Allcyl amine /cycloalieyl amine,

Nomenclature

o0
/\/\.I\THZ <:>—NH2

Butylamine Cyclohexylamine

s 2° Amines — 2R - fAlky| A\kj) ANING,

| |
H H

Butylethylamine Diethylamine



< 39 Amines -_>3R — P\\\E_\j\ A\k\\j\ A“Sj\ amiﬂo.

Triethylamine Butylethylmethylamine
2 Ol 3 290
CH;CH,NH, éH;éHéHzéHzéH; H-N NH
— S XX

aminoethane 2-aminopentane l\S-Jifln‘.il‘.«\(LC]\"ZWUI(H‘.C
— A PPNPPAS AATAAARS AR
oloss &1 (i



Nomenclature

Blizay

* The IUPAC system retains the.common name

aniline.
NHo NHo
NOy
Aniline 4-Nitroaniline

(p-Nitroaniline)

Copyright © John Wiley & Sons, Inc. All rights reserved.
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NHo NHo,
OCH;
CHsg
4-Methylaniline 3-Methoxyaniline
OIS IS QAAA
(p-Toluidine) (m-Anisidine)



Classification and Structure

Other types of nitrogen compounds:
0

N—H
R=NH, R—< R4</ R—=N
H

amine amide Imine nitrile

L ) N mr— R ) T

S0

T



2 Amines w IMF cLe NG ks « b

R/'}]\R R/'}.]\R R/'.\l.]\H
R H H
Tér‘l'iug alcohol S’econdag alcohel Primay G\Coho]
$ b V!
iy g0 W-Bonding fusi H- Bonding H- Bonding

YN \bae EYEY
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Lz Physical Properties of Amines
{> Spi.

s Pelar, legsYhan OH
L5 Solvble in waler.

N atom is sp? hybridized.

N-H is polar but less so than O-H, so the H-
bonds are weaker than an alcohol. (N is less EN

than O) Bond  Jlo5 JEN e Shyhas Jal %

Similar to alcohols the H-bonding makes the

N\ \NANANANNA~

smaller amines soluble in water.



Physical Properties of Amines

Since the H-bonds in amines are weaker than
alcohols, their BP is intermediate between
aIkanes and aIcoQEoIs i.e.

uu\, &b
BP (°C) Solubility
(mg/L)
Propane CH;CH,CH, -4 —>Lon o\
amwe ~> Ethanamine CH;CH,NH, 17 Miscible .
. ’]—9 H-boV\A |®
o) Cehsl— Ethanol CH,CH,OH 78 Miscible

CY) s Bl gt JCPl LIDP ik
RIRAPEIS W R R



: Amines J1 c18y (3 Y\lswlmOall

:(R-X) Alkyl halid u@@
®

'Tzr'\'iog omine., Seconcl% amine. P imanj omine
Rs-N Ra-NH R—NHa
e : J NS
RaNH ﬁx_,Rnu LAY Rl\)\{z RX 5 R-NHa X784 R\H NH3 RA s R-NKS X RNH,
R R
- R cod twclebhile(aa ) 31 %
CilyConn ) o tertiafy Qsizl;w]:i‘: 1 9% cetesls 08l (e ? ‘213» J °PLG]U'B .
. . S o
Sde‘lasu.,é?é.vm5 RNHe (e loyune @i R e
L H s e J3s Bilyy 3 JauN @58

3&3\(3*‘3&0'-‘&05’.’* . Ayl Halide B \oymns Gt ) -

: base 2. Hedmenl 13l plae S 213
Hectmet it base o, 831 Skt )“m\»"'q-*a-\platsal{' Gek: C i ’

b\y‘”»)\ «>99 H¥)) Pb_.:. A gal BuclR)) *
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Preparation of Amines

1. From alkyl halides: use ammonia which is
nucleophilic, i.e.

Siep 2
7N St - mH

2"d step with NaOH is required to remove the extra
acidic proton on the intermediate quaternary
ammonium salt.



Preparation of Amines

1° and 2° amines are reactive under these conditions,
l.e.

/\ SG.H' N a0k
+ a
R—NH, e T ReNH X /= R—NH
R R
/’\ R R
| NaOH I
R

R
C‘Q_’ @\mi g‘\lz Sc j@\}.:! R(’,Q(‘:‘.N‘Ib Q C}LM” 1K)

Why not 3°?
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2 fo \iT13 Compounds Jy Reduclion Ui se
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Atomatic nitves Amides Nitriles Al Jeh';a‘es a:o' Keltones

Compounds (analine)

NH2
3H N
ShrpdeRil
1SYIC|2 Hc

2. MaOH H,0

reages d\,;.o) Gously JEui G5
Cuisbsw W 5 G pp U



Preparation of Amines

2. Reduction of nitro compounds:
@ Aromatic nitro compounds, i.e.

eogends &1

—
NO, L Te g,
3 H,, Ni
- +O2H0
o7
1) SnCl,, HCI

2) NaOH, H,0



Preparation of Amines

2. Reduction of amides:
@ Amides, i.e.

/\/M 1) LIAIH,, ether
N H -

> 2)H,0 NN

2

3, 27,1 el e s
Amide
Works for 2° and 3° amides as well.




Preparation of Amines
(oo T L0k

2. Reduction of nitriles:

Nitriles, i.e.

c=N

) LiAIH,, ether

)\/@ g )\/@
2)H,0" N H
gl cJpu0 G olygfad i

2




Preparation of Amines

2. Reduction of carbonyl groups:
iv. Aldehydes and ketones, via the imine i.e.

eliminotion of féadoho\l\ feqaa(b

Hzo J\ J\
\/lk + )\ N NaBH CN AN
NH, \)l\ \)\
e i derative G, °
Phimaly amens Imines Ao < amine




Preparation of Amine@

3. Hydrolysis of amides: requires an acid or base
catalyst, i.e.
SePaTaﬁVg d..ﬂ\u.
0 acidic condition 0
H,0*
\/Uj';N/\ - \/U\OH + HZN/\

)

L}ong\%/\ xOH-, H?QK %JL;ZJ Xd:x
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Diazonium compounds are very important in aromatic
synthesis. The reaction allows for a direct nucleophilic
substitution of the diazonium (N,*) group!

NH, Y‘eagenb Cl

N
HNO, N 7
c
HCI,H,0,0°C ©/
1' jilgs:ébmpJ<‘=‘L’ﬂJ“'
Praduds  ghey DL OS
aniline _rﬁl,.[l_s..\_ﬂ,. benzene diazonium chloride

¥ The N, is a VERY good leaving group and reacts by direct
nucleophilic substitution!



Diazonium Compounds
Mechanism: _— "~

HO—N=O0 N=0

nitrosonium ion



Diazonium Compounds
SLG s Np by plas @il e Antas Ne o AT @ b dinzoniom sl &
| | .93 Qb ole 2180
Note: only 1° amines react this way, you need two H atoms on
the N.

Note: Nu replace N,, i.e. this is an \S,\I/\Ivtype of reaction
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Diazonium Compounds

Eg.
+ +
N, Nu- CN N,
KCN HCI
O = Om Ox
Cu,(CN), Cu,Cl,
N H
H'*E*L*““Iipo HBr
it + Ve —
Cu,Br,

HBF,

Crop Co d*b”‘y'l’t- hea
(e 2 Uiy

o @ e K



Diazonium Compounds
L/“’("‘” o + ghaﬁerll qo_‘éh
This allows more flexibility in making poly substituted aromatic,

i.e. m-bromophenol from benzene d», :
,.;me,\a.

O == @
H,SO, FeBr3
SnCI H,0

Br NaOH H ,0

+
N2

OH
HNO, H,O0*
[ — VA —
HCI, O°C
Br Br



Diazo Coupling
Diazonium ions are electrophiles, i.e.

A
N=N - > QQ‘ZN+

They will react with strongly activated aromatics (i.e. phenols or
anilines), i.e.

(Ef e WNELS @—N\\

AGZoNUM 4+ gl



PR Diazo Coupling

Normally get para, but ortho can occur if the para site is
blocked by a substituent.

The diazo (-N=N-) group provides for a  system to “bridge”
the two aromatic rings.

The large extended ©t system can absorb light in the visible
region, especially if there are charged groups on the ends.

Key use: as dyes as they can be highly colored, and acid/base
indicators if they are pH sensitive.



