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FRIEDEL CRAFTS ALKYLATION PROCESS

TS
Friedel-Crafts Alkylation Process ups.com

Side Reactions

Be aware of potential side reactions
like polyalkylation or rearrangement.

Alkylation

The alkyl group attachens to the
aromatic ring.
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Aromatic ring reacts with alkyl
halide

Poiyalkylation

Form Electrophile
Further alkylation occurs,
forming polyakylated Lewis acid catalyst creates
producta /00 é/_] electrophile
7

Rearranged Product

@

Rearranged alkylated aromatic
ring is formed

Rearrangement

Carbocation rearranges for
stability

Allrviatoet Drrvtiart Drntrnn Ahetrartinn
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Electrophiiic Attack

Electrophile attacks aromatic
ring

Form Arenium lon

Arenium lon (sigma complex)
in formed
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Friedel-Crafts Alkylation Start
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Carbon-Carbon

Aromatic Ring Combination
The aromatic ring is The aromatic ring Bonq
the foundation of the and alkyl halide Formation
reaction. Alkyl Halide combine 1o initiate Hydrogen Complex
Ky the reaction. y og : A new carbon- P
The alkyl halide Substitution carbon bond is Molecule
provides the alkyl formed between the Development
A hydrogen atom on ring and alkyl group.
group for L g yl group
sukatitation the ring is replaced The reaction leads to
' by the alkyl group. the creation of more
complex organic
molecules.
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Activation of Alkyl Halide by Lewis Acid

LEWIS ACID CATALYST

Catalyst-Halide
Complex

Formation of a complex

Polarized
Complex
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Carbocation
Generation

Creation of a
carbocation




FORMATION OF ELECTROPHILE \:
TIrorionss
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%-I]: Lewis Acid Catalyst

j Carbocation Formation

Electrophile Attack
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Friedel-Crafts Alkylation Process

Check for Lewis acid
Catalyst Presence catalyst

Assess deactivating
groups

Determine ring's
Nucleophilicity nucleophilicity
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ELECTROPHILIC ATTACK ON AROMATIC RING 3

/A DIYI NG VIR D TS
formed between the WWW.SNSEroups.com
The electrophile (R+)  electrophile and the
moves towards the rnng.

aromatic ring.
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Arenium lon
n-Electron Formation

interaction
. The farmation of the
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STERIC HINDRANCE 3

TUTInts
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Steric Hindrance \ \ Reaction Conditions

\ \ \ Temperature \
! Bulky Alkyl Groups \ s Catalyst

Regioselectivity and Rate of Alkylation

; Catalyst Activity

Catalyst Size /

Catalvst Tvbe /
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FRIEDEL-CRAFTS ALKYLATION

O -0~

Formation Electrophilic Restoration Restoration
of Carbocation Attack on of Aromaticity of Aromaticity

FITUrIonIs
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Friedel-Crafts Alkylation ahon
LIMITATIONS

L WY

Cons

Polyalkylation

Carbocation rearrangements

Deactivated rings

Catalyst issues
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Friedel-Crafts Acylation Mechanism

Electrophilic
Attack Proton Loss

Acyl chloride Acylium ion Proton is lost to
reacts with Lewis attacks aromalic restore
acid ring aromalbicity

Acylium Ion Sigma Complex Acylated
Formation Formation Product
Formation
Acylium jon is Sigmo complex is
formed as formed as Aculated product
elactrophile intermediate is formed
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Formation of Electrophile

Acylium lon
Formation A_m

sle

Halide Departure C )

RS

Polarize @
Carbonyl Bond

React Acyl
Halide l_
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Acylium lon _
Formation Sigma Complex 0
Formation Aromaticity
The acylium ion is Disruption

generated as the A sigma complex
elecirophile. (arenium jon) is The aromaticity of
formed. the ring iz
temporarily
disrupted.

Electrophiific

Attack
Resonance
The acylium ion Stabilization
atiacks the sromatic
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Friedel-Crafts Acylation Reaction Mechanism PTYIIONS

Proton
Abstroction Ovscirct:
A base removes a Formation

proton from the

carbon atom g.\ The desired
bearing the acyl aromatic ketone
group. i . product is formed.
i
i
§

33>®
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| Avromatic
= Ring

Regeneration
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The aromatic ring
is restored to its
aromatic state.
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Catalyst
Regeneration

The Lewis acid
catalyst is
regenerated for
further reactions.




-~

>

R

FIrUrIonls

WWW.sNsgroups.com

Catalysts in Friedel-Crafts Acylation

: most common and
effective catalyst

Other Lewis Acid

Alternative cataly
FeCl3 and BF3

Huminum Chloride
(Alcl3)
evette mctde
yIsts such as sulfuric

sed with carboxylic
acids
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Intramolecular

Aromatic Substrates
Acylation
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FRIEDALS CRAFT EQUATION
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1. Formation of the Acylium lon
R-COL + AIC, — [R-C=0" [AIC,-]

Acylium ion |\ -CO

O
2. Electroplhic Aromatic Subtstution

HO
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ASSESMENT- EXPLAIN THE REACTION MECHANISM ..

TIrorions
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Friedel-Crafts Acylation —

O
cl%
O
I N AICI , " TCH. . e &
/C\ (Lewis Acid 3
HC Cl Catalyst)
3
Acylating Aromatic Acyl group added to By-Product
Agent Compound aromatic compound by (Hydrochloric

(Acetyl Chloride) (Benzene) Friedel-Crafts Acylation Acid)
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REFERENCES

March’s Advanced Organic Chemistry (6th ed.) by Michael B. Smith &
Jerry March

Organic Chemistry (by suthors such as L. G. Wade or others) — e.g,, the
chapter titled “Alkylation and Acylation of Aromatic Rings: The Friedel-
Crafts Reaction”

Friedel—Crafts Reactions (RSC Books monograph, Chapter 10)

Advances in Friedel—Crafts Acylation Reactions: Catalytic and Green
Processes by G. Sartori & R. Maggi

Khan Academy: Friedel-Crafts Acylation” — an instruction video with
mechanism step by step.
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