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Amines as Leaving Group —Amine vs Alcohol



Reactions of Amines — Amines as Leaving Groups 2

Hofmann Elimination

« Exhaustive methylation using methyl iodide converts amine to a quaternary
ammonium salt that can leave as a neutral amine

P +
R—NH, + 3CH;—I > R—N(CH3); 1 + 2HI

! [

poor leaving group oood leaving group

« Elimination of the quaternary ammonium salt generally takes place by the E2
mechanism, which requires a strong base
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Hofmann Elimination

« To provide the base, the quaternary ammonium iodide is converted to the
hydroxide salt by treatment with silver oxide

+ +
R—N(CH3); 1 +  3Ag,0 + H,0 ——> R—N(CH;); OH +  Agl]

quaternary ammonium iodide quaternary ammonium hydroxide

 Heating of the quaternary ammonium hydroxide results in E2 elimination and
formation of an alkene

a
HO H H—O—H
ot e Se=c”
— ¢ E2) € N
“N(CHj), alkene :N(CHjy)3
amine
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Hofmann Elimination

« Example

Exhaustive methvlation and conversion to the hvdroxide salt

CHy— CH—CH,CH, — DSl cy CHCH, CH

3 Aty (2) Ag,0, H,0 - A3 IR Rt

:NH, "N(CH;); "OH
butan-2-amine quaternary ammonium hydroxide

Heating and Hofmann elimination

H H
Ny 2. ¢ 150 °C . ; ; 1 , . .
H,C—CH—CH-—CH,4 H,C=—=CH—CH,—CH; + CHy;—CH=CH—CH; + H,0
1 {’| 3 - 1 2 3 - - 1 - 2 3 -
+N(CH3}3 but-1-ene but-2-ene (Eand Z) | 'N(CH)
Hofmann product Zaitsev product 33
05% 5%

T T

Hofmann vs Zaitsev product?
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Hofmann Elimination - Example

Predict the products of the following reactions and draw mechanism of all steps

\)\( excess Mel Ag,0, heat

NH,
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Reactions of Amines — Amines as Leaving Groups

Formation of Diazonium Salts

Diazotization: Primary amines react with nitrous acid, via the nitrosonium ion, to give diazonium cations

L +
R—NH, + NaNO, + 2HCI —> R—N=N CI" + 2H,0 + NaCl

primary amine  sodium nitrite diazonium salt
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Diazonium Salts

« Alkanediazonium salts are unstable. They decompose to give nitrogen and
carbocations

R—N=N: —> R* + IN=N:

alkanediazonium cation carbocation nitrogen

« The driving force for this reaction is the formation of an N, gas
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Diazonium Salts

« Arenediazonium salts are relatively stable around 0 - 10 °C, and they serve as intermediates in a variety of
important synthetic reactions

N
NO, NH, NT O Cl Z
HVO; (1)Sn, HCI NaNO, various reagents
> TR +
H’}SD;_‘I_ (2) "OH HCI
CHs CHs CH; CH;
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Diazonium Salts

The following flowchart shows some of
introduced via arenediazonium salts

Ar

H;0", warm

CuCl

W

CuBr

CuCN

W

2+

HBF,

W

KI

W

H;PO,

W'

H—Ar

W'

W

Ar—OH
Ar—Cl
Ar—Br
Ar—C=N
Ar—F
Ar—1
Ar—H
Ar—N=N

the functional groups that can be

Products
phenols
aryl chlorides
aryl bromides
benzonitriles
aryl fluorides
aryl 1odides
(deamination)

—Ar’ azo dyes
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Diazonium Salts

Example
:NHE
ﬁ—CH3
0
:NHE
:NH,
COOH
CH;CH,

(1) NaNO,. HCI
(2) H;504. H>0., heat

(1) NaNO,, HCI

(2) CuCl

(1) NaNO,, HCI .
(2) H;PO,
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Diazonium Salts

« Diazocoupling: Arenediazonium ions act as weak electrophiles in electrophilic
aromatic substitutions; react only with strongly activated rings

Ar—N=N + H—Ar" ——> Ar—N=N—Ar’" + H*

diazonium ion (activated) an azo compound
Example
O O
_0_g©ﬁzm: + @N(CH;}E — —U—Q@Nzﬁ@ﬁ(mm
{|:|) Cl™ y) + HCI

methyl orange (an indicator)
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Diazonium Salts

Suggest a synthesis for para red DQN@N

para red
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Reactions of Amines - Summary
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Homework — 1

a) Rank the following compounds in order of increasing basicity

NH, NH, OH
O OO s
H

b) Rank the following compounds in order of increasing water solubility

NH, H NMej3
2 S DU



Homework — 2

NH,
Suggest a way to separate aniline ©/ from a mixture of aniline and benzene



Homework — 3

Predict the products of the following reactions and draw mechanism of all steps

/\(OH

TsCl

\

NEt,

excess NHj

-
v

Ag,0, heat

<
-

excess Mel




Homework — 4

Predict the products of the following reactions:

Ao

PCC

\

o

CV/H\V/A\CI

Yy

A

pyridine

l NaBH,




Homework — 5

A synthesis of coloured nanoparticles was performed using the following sequence. Suggest the structure of

the products in each step.

N Sn, HCI

Q
>
®
Y
Y

NaNO,, HCI

Me

©:OH
Me




