Chemical Reactions of Benzene:
Electrophilic Aromatic Substitution:

4- Friedel-Crafts Alkylation of Benzene:

An aromatic rmg can be alkylated by an alkyl halide m the presence of a Lewis acid

(The Lewis acid serves to generate a carbocation electrophile)

R
ALC!
Th—1— + HX



Chemical Reactions of Benzene:
Electrophilic Aromatic Substitution:

4- Friedel-Crafts Alkylation of Benzene:

R-Cl + AIC » R +AICI,

0 — O

(R = alkyl)




4- Friedel-Crafts Alkylation of Benzene:

. CH
H 3
N AICI, |
+ /(.‘ll—Cl —p (“ll + HCI + AICl,
H,C CH,
Mechanism
”“(.\ :C’]: ”‘;('\ " :C|I: “3(‘\4 :C‘I:
Step | :(‘I{—f|:+ . — /(‘II—(;I—AI'—QI== /(‘II+=QI—AI“—(‘?‘I=
.'/ : :C[/ \C]: “ (‘/ | ” ( ‘
H,C ! ! .! iCl: } (Cl:

This is a Lewis acid -base
reaction (see Section 3.2B),

The complex dissociates to form a carbocation and AICI, ",



4- Friedel-Crafts Alkylation of Benzene:

(I'U_a + CH,
Step 2 @Jr\“ﬂ{ = @‘C“ «— other resonance structures
CH, H on,

The carbocation, acting as an electrophile, reacts with
benzene (o produce an arenium ion.

CH

¢+ LH, :C"I‘ CH,
OCQ I 2 " I
Step 3 H +=QI—,GI\I—QI=~_—‘ (l‘H + HCI + AICI,
”w Cl: CH,

A proton is removed from the arenium ion to form isopropylbenzene.
This step also regenerates the AICI, and liberates HC,

(



4- Friedel-Crafts Alkylation of Benzene:

Another example:

CeHe + C,HsCI ——>  CHsC,Hs + HCI

Overview
Reagents
Conditions

Electrophile

Equation

Mechanism

Alkylation involves substituting an alkyl (methyl. ethyl) group
a halogenocalkane (RX) and anhydrous aluminium chloride AICI;
room temperature: dry inert solvent (ether)

a carbocation ion R* (e.g. CH;*)

CeHs + C.HsCI > CgHsC,Hs + HCI

+
CZHS CEHS CzHﬁ



4- Friedel-Crafts Alkylation of Benzene:

Another example:

H AlCl, C(CHy);
@ +(CH,),CCl —— @ + HO)

fert-Butylbenzene
(60%)



4- Friedel-Crafts Alkylation of Benzene:

Rearrangements in Friedel-Crafts Alkylation

Primary alkyl halides probably do not form discreet carbocations but the primary

carbon i the complex develops considerable positive charge.

0t o 0—
RCH, - Cl: AIC;

The carbocation will rearrange to a more stable species:

+ .
CH} ClHCHg 1.2-hydride shift " CH'; GHCHz
S
i\ /

a primary carbocation a secondary carbocation




Rearrangements in Friedel-Crafts Alkylation

CHCHCH,  TC-H.CHs

AICI,
+ CH,CH,CH,CI

-18%Ct0 80 °C
30 % 70 %
Mechanism
CH} CHCH1 1,2-h¥dfid€ shift . CH} CHCH;

I\/\ /f

a primary carbocation a secondary carbocation




Rearrangements in Friedel-Crafts Alkylation

CH,CH,CH,  M3C-H-CHs

AICI
T CH3CH2CH20I > +

-18°Ct0 80 °C
30 % 70 %
1,2-hydride
&+ 8- shift &+
CH3 CHzCHzC] + AlCl; R CH3CH2CH2“‘C]“‘AICI3 > CHg C.HCH";
incipient primary carbocation C:l
5-AICl,

CH(CH,),
— J

CH; CHCH,



Rearrangements in Friedel-Crafts Alkylation

unrearranged alkyl rearranged alkyl
substatuent substituent
CH1 /
P C]‘leH')CH sCHjy /\/CHCHoCH;
| ) +  CH;CH,CH,CH,Cl - K)/ )
P e 4
1-chlorobutane 1-phenylbutane 2-phenylbutane
35% 65%
rearrangement of the carbocation
2 1.2-hydride shift
CHLCH;CHCH; i L CH;CH,CHCH;
S
| H \\ /]
' primary carbocation a secondary carbocation
p 3

Hz g
O e

H  12-hydride shif




Rearrangements in Friedel-Crafts Alkylation

H
©/ + (CH,),CHCH,CI

Isobutyl chloride

Mechanism

T\ &

H,C— cT‘ CH,—CI—AIC,

|

-
Hio—o—oHs # :CI—AICl,

CH,

+

CH,

A|C|3 O/C(CH3)3

tert-Butylbenzene

(66%)

@/C(CHa)a
—_—
+

CH,



Rearrangements in Friedel-Crafts Alkylation

unrearranged alkyl rearranged alkyl
substituent substituent
?Hf/ (I’H;, /
A\ (’:HK A|C|3 _/\\\ ’CHQ(I:CHR //\\\v_,(’:CHQCHg
ﬂ } +  CHyCCH,CI — [ T cH, t | CH.
\/ ’ \//_/_/ X \\7(/ ]
CH;
1-chloro-2,2-dimethylpropane  2,2-dimethyl-1-phenylpropane  2-methyl-2-phenylbutane
0% 100%
CH; CH,
t 1,2-methyl shift
CH;CCH, > CHyCCH,CHs
“TI\ -l e
a tertiary carbocation

a primary carbocation‘



Chemical Reactions of Benzene:
Electrophilic Aromatic Substitution:

S5- Friedel-Crafts Acylation of Benzene:

Friedel-Crafts acylation, an acyl group, typically derived from an acid chloride, is

mtroduced mto an aromatic ring m the presence of a Lewis acid.

An acyl group has a carbonyl attached to some R group

_ 0 0
() O |
CH.C— \ Pl
TR . Acetyl Benzoyl
1n acud ¢ - N acyl groun
.m ||L|\ \ “"({ df Y '..,T | ‘, gruup group

(ethanoyl group)



S5- Friedel-Crafts Acylation of Benzene:

-~

O} (0

g
o
<

Q «—>» R—
acylium ion

+0) :0:

” :O:
SC + C—R ”
(] — (O — Ot
" |

Cl—AlCl; Cl-=AlCl;



Friedel-Crafts Acylation of Benzene:

O
O =
o e ” B e /(( “1
i AICI.
[O} + CH,C—C] —=Xb, LQJ + HCI
- y CXCCSS
N - benzene e =
80°C
Acetyl Acetophenone
chloride (methyl phenyl ketone)
(97 %)
O (l
A CIIL,C A ( CH, (.|’
N AICI, -
+ O + CH,COH
/ CXCCSS lx,nn ne :
e CH,C 80°(
|l
Acetic anhydridc Acetophenone
(a carboxylic acid (B2 -859¢)

anhydride)



S5- Friedel-Crafts Acylation of Benzene:
Mechanism

.°‘I‘ )'.

” W, 25 I +
Step | R—C—C1+ AICl, == R—C—Cl:AlC],

|
" b )

Step 2 R—C7Cl:AIC, = R—C=0; — R—C=0: + AlC],
#

An acylium ion
(a resonance hybrid)



Friedel-Crafts Acylation of Benzene:

R
Step 3 j\ [ j\ [T O e other resonance structures
\F N
Arenium ion
The acylium ion, acting as an electrophile,
reacts with benzene to form the arenium ion,
| |
a+ " :(.:.l: .
b i 3 /(‘\ P | P 8 /(
Step 4 L \fH 0: +:Cl—Al=Cl: —>L( ) 0: + HCI + AICI,
d+ \‘:’/’ 5+ \.. ,) | t-//
Cls

A proton is removed from the arenium ion, forming the aryl ketonc.



S5- Friedel-Crafts Acylation of Benzene:

\ K
| |
B . /\ /(,‘\\
Step 5 @T \\,f)”r /\ICIJ‘:‘@] \O‘AICL
/ \/ +

The ketone, acting as a Lewis base, reacts with
aluminum chloride (a Lewis acid) to form a complex,



S5- Friedel-Crafts Acylation of Benzene:

Another examples:

0
|

0
- 1 AlCl CCH,CH,
©/ . + HCl

1-Phenyl-1-propanone
(88%)

COCI COOH

AICl, H,0
+ COC|2 L >
heat - HCI




Reduction of Aromatic Compounds:
Reduction of an aromatic rimng requires foremg reduemng conditions (high pressure

andor hughly actrve catalysts)

Hy, P
> >
slow fast fat




Reduction of Aromatic Compounds:

ALCk

R

:

L

V

H,. Pd

R

R
W
v




Chemical Modification of Substituents of Benzene

Oxidation of the side chain: CH COOH

a) alkaline KMnO,
b) HpS04(aq)

-

benzoic acid
Reactions of alkyl substituent’s:

E‘Ir

CH,CH,CH; \ CHCH,CH,
[::]f + NBS — [::]f + HBr
peroxide

propylbenzene 1-bromo-1-phenylpropane




Chemical Modification of Substituents of Benzene

CH=CH2
S

styrene

%N

(&
©/ -+ 2H2

benzonitrile

O

|
(&
oy
+ H,

benzaldehyde

CH,CH,
Pt @/
—

ethylbenzene

CH,NH,
Pt ©/
E—

benzylamine

(I)H

CH
—_—

benzyl alcohol



Chemical Modification of Substituents of Benzene

(I)H

: CHCH,

1-phenylethanol

(I)H

phenylmethanol
benzyl alcohol

O
|

C
MnO, _ ©/ SCH,
A

acetophenone

7
&

MﬂOz 3 \H
A >

benzaldehyde



Chemical Modification of Substituents of Benzene

+
NO, NH; NH,
* Sn, HCI HO .

nitrobenzene protonated aniline
aniline
anilinium ion

NO; NH,
- Pd/C )




