CHAPTER 9 | AMINES

9.4 Preparation
of Amines

The Chemist’s Toolkit for Amine
Synthesis & Carbon Accounting.

Reaction Mechanisms Reagent Selection Carbon Chain Ascent/Descent




METHOD 01 Ea

Reduction of Nitro Compounds TopAl
Catalyst
R—NOZ o NHz
O/NOZ H,/Pd (or Sn/HCI or Fe/HCI) g @/NHZ
Nitrobenzene Aniline

Catalytic Route Acidic Metal Route

H, gas + finely divided Ni, Pd, or Pt. Also Metals (Sn or Fe) in an acidic medium
effective for nitroalkanes. (HCI).

M Why is Fe/HCI preferred over Sn/HCI?

FeCl, formed during the reaction gets hydrolysed to release HCI. Thus, only a tiny initial
amount of HCl is required to start the reaction.



METHOD 02
Ammonolysis of Alkyl Halides L
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Reaction Cascade Flowchart Halide Reactivity:

RX + NH3 (ethanalic)—r[ﬂ Amine (R-NHg)]—V_ RX '

—j-[ 2° Amine (RoNH) ]—¢+ RX

| [ 3° Amine (RgN) } ¢+ RX

, Quaternary Ammonium |
Salt (R4N+X"7)

M Ammonolysis yields an inseparable mixture of 1° 2 3° amines, and
guaternary salts.

LCIECETCR AN G EEERLEILIE LGS Use a large excess of NHj.
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METHOD 03 | CARBON ADJUSTERS
Reduction of Nitriles A
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LiAlH4 or Ho/Ni )

R-CEN ——— > R—CHy—NH,

Ascent of Series

This reaction specifically adds one extra carbon atom to the amine compared to the starting alky!
chain. Critical for step-up synthetic pathways.

Reagents

Lithium aluminium hydride (LiAlH4)

Catalytic Hydrogenation (H,/Ni)



METHOD 04 | CARBON ADJUSTERS
Reduction of Amides é%

Reaction Strip

,@’

1) LIAIH,4
R—CO- N — ===, R-CR.-NIEB
(i) H,O
Structural Preservation Reaction Protocol
The carbonyl oxygen is fully reduced, leaving Primary Agent: Lithium aluminium hydride (LiAIH,).

the carbon skeleton exactly intact with no
change in total carbon count. Follow-up: Requires subsequent hydrolysis (H,0).



METHOD 05 | SPECIALIZED ROUTES “

Gabriel Phthalimide Synthesis

TopAll
¥ =y Lt > _
Ethanolic R-X NaOH 1(RAI:InI—IIn$
KOH Potassium Akl Halide) (aq) -NH,
. i N-Alkyl-
Phthalimide WSS Pphthalimide Y +
phthalimide Sod
(Sﬂlt) odaium
Phthalate
Aryl Halides Fail
Exclusively prepares primary aliphatic amines Cannot prepare aniline or aromatic primary
without secondary or tertiary contamination. amines. Aryl halides do not undergo nucleophilic

substitution with the bulky phthalimide anion.



METHOD 06 | CARBON ADJUSTERS A

Hoffmann Bromamide Degradation ==

R-CO-NH, + Br; + 4NaOH —> R-NH, + NayCO; + 2NaBr + 2H,0

The Mechdiin Descent of Series

=Eh The amine formed contains exactly
Migration of an alkyl or aryl group one carbon LESS than the starting
from the carbonyl carbon directly to amide. This is the ultimate tool for

the nitrogen atom. stepping down a carbon chain
length in synthesis.




MASTER SYNTHESIS

The Amine Preparation Matrix

TopAll

Starting Material Reagent Amine Yielded Carbon Shift
Nitro (R-NO,) H./Pd or Fe/HCI 1° Amine 0C

Alkyl Halide (RX) NH; (excess) 1° (major) + Mix 0C
Nitrile (R-CN) LiAIH, 1° Amine

Amide (R-CONH,) LiAIH, 1° Amine 0C
Phthalimide KOH > RX > NaOH | Pure Aliphatic 1° 0C

Br, + NaOH

1° Amine

-1 C (Descent)

Chapter 9 Revision Toolkit | Designed for structural clarity.
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