$15% FHE L F ) B R

DF ke 2T 38 (electrophile) # 2 3 & & B (electrophilic aromatic
substitution)

Br
Brz, CC|4 Br

o~ -~

FeBr
CGH6 = SO, — CﬁHSBr + HBr Observed



X,, FeX, + HX Halogenation

X = Cl1, Br) (Section 15.3)

HONO, Nitration

H,SO0, (Section 15.4)

RC], AIC], Friedel-Crafts Alkylation

(Sections 15.6 and 15.8)

(R can rearrange)

O

RC—Cl, AICl, Friedel-Crafts Acylation

(Sections 15.7 and 15.9)

SO,H
SO4 . Sulfonation
H,SO, (Section 15.5)



a) Halogenation

Rt ¥R 5 Bdn § JI71 > &l ¥ 951 5 5 chd 5

FeCl

+ Cl, — o + HCI

Chlorobenzene (90 %)
FeBr
=y iy
@ + Br,—/—=> ©/ HBr

Bromobenzene (75%)

+
- e /N % " — 22 . _
Step 1: :Br—Br: + FeBr, —)=]?3.r—(\B.r—FeBr3 —:Br+* + :Br—FeBr,
Bromine combines with FeBr; to form a complex that dissociates
to form a positive bromine ion and FeBr,~.



" Br: ]é.r= - l;ri
N slow h o *
+ Br:— ‘ | «—> —>
N + +
sp2 :; [ j

Arenium®_* & 48

. . ~ (intermediate)
The positive bromine ion attacks benzene to form an arenium ion.

.
E }18 " + E—A — + A~ Slow, rate determining
\‘AS_ &+ 8+

Arenium ion




Step 3:

¥ e Eepr, .
Br: Br:

— + H—Br: + FeBr,
_|_ -e

A proton is removed from the arenium ion to become bromobenzene.



b) Nitrition:

HNO3, H,SO, NO>
-
@ +HgO" +HSO4

Step 1: generation of electrophile

I + 0 ]

7 —— H—0—S—O

—O0—S—0O— + H—O—N
H—O ﬁ S)H L ;
O @)
+ _|./O /O
H—O~N&+~ — » H20 + +N7
|) O \\
Ho O O

Step 2: Electrophilic addition:



Step 3: Regeneration of aromatic system:




c) Sulfonation:

SO,H

Fuming sulfuric acid

0
|
H=0—S—0—H + H—0—S—0—H ——=
O O
0
©
| —a—a¥X A
H—0—S5—0 AR PN A
1 H O
0



Step 1 2 H,80, == SO, + H,0* + HSO,"

This equilibrium produces SO;in
concentrated H,SO,.

. .'O'.

:O-v
” slow ” & =
Step 2 + 0 S \(\(f) g — ﬁ—O < other resonance structures
- - H

SO, is the actual electrophile that reacts with benzene to form an arenium ion.

N .'()'. .'()'.
” .. — fast ” oo —
Step 3 HSO,  + ﬁ—O = ﬁ—O + H,S0,
= i, 0.
A proton is removed from the arenium ion to form the benzenesulfonate ion.
..(ﬁ.- .'(|)|'.
i s fast .
Step 4 ﬁ—O/—F\HBC')’L—Hi |S—O—H + H,0
O. H 0.

The benzenesulfonate ion accepts a proton to become benzenesulfonic acid.



d) Friedel-Craft Alkylation — & F % 3l »2% &

AICl,
Cl

Sh
/tij HF
-

©

o
1e9
&C

Y

e3: B BTy <

BF3

Q©\>




Tolk
H,C
% \ . /_\l
Step] /CH—QI:+ ,,/Al\" —
e NG

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

: ..1: : “lt
HiC X ‘f H,C (lj
(- o N+ . o
CH—CI—AlI—Cl:=— CH + :Cl1—Al—ClI:
/ . | .s / .s | .e
HSC (Cl: HSC :Cl:
The complex dissociates to form a carbocation and AICl,".
CH, + CH,
Step 2 @-? *CH — CH < other resonance structures
CH, H cH,

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

. CH, =(T,'1: C|H3
Step 3 @CH + =¢:19p|u—(:::1=:* @—ﬁ:ﬂ + HCI + AICI,
HCH, Tol CH,

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



Page 673; f2R ~ Bi5+]:

HF
© + /\ >
Why not ©/v




e) Friedel-Craft Acylation & — % ¥ %} 31 ~gtk (acyl group: RCO)

O
i ICI
AIC5
+ )J\ > R + HCl
R Cl
O 0)
| N
CH,COH + SOCl, ——> CH,CCI + SO, + HCI
Acetic Thionyl Acetyl
acid chloride chloride
(80-90%) . .
, , } Explain the mechanism
~N\ AN
) —COH + PCly;, — ¢ CCl + POCl, + HCI
Benzoic Phosphorus Benzoyl
acid pentachloride chloride
(90%)
HsC O
3 0O
O Alcl
+ 0 - “Ma + e oH
3
O

H3C



£

|~ =
Step 1 R—C—CI{+ AICl, == R— C—Cl: AICl,

.'()“.

RER f L
Step 2 R—C5q1=AlC13 — R—C=0. «— R—C=0: + Al(C],

——

An acylium ion

R

+
C
N
Step 3 + C |H H O:<«— other resonance structures
Q

Arenium ion
The acylium ion, acting as an electrophile,
reacts with benzene to form the arenium ion.

R R

.

Step 4 H\O +1 ch Al‘ c1 0 ‘+ HCI + AICI,
tep — —>
5+ 5+ \/

A proton is removed trom the arenium ion, forming the aryl ketone.

i i

C C
\ V" N\ H,0
Step 5 @ \0 + AIC, = \puagcl3
+

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




Page 675; drawing the mechanism:

HsC
>:O AlCl5

+ O
-

HaC

CH3 +

H3C

PN

OH



(0]

I
CH,CH,CH,COH CH,
socl, h AICL,, CS,
80°C (|3H2 (74-91%)
(>95%)

CH,
4 o)
Cl(”j
(0)
4-Phenylbutanoic 4-Phenylbutanoyl a-Tetralone
acid chloride

Drawing the mechanism



0
||

(”) C
Sy
AICI,
© + CH,CH,CCl 225> GRS . He
Propanoyl Ethyl phenyl ketone
chloride (90%)
Zn/ Hg
\j
CH,CH,CH,
Propylbenzene

(80%)









f) Friedel-Craft® B e 1% 3| e/

B A L g
AICI, 5+ 5—
CH,CH,CH,CH,Br —> CH3CH2(|?5CH2 ---BrAlCl,
H
(—AICL,)
(—HBr)
CH,CH,CH,CH,
Butylbenzene

(32-36% of mixture)

.
> CH,CH,CHCH,

o

CH,CH,CHCH,

(—BrAICl,")

sec-Butylbenzene
(64—-68 % of mixture)






l SOCl,
@)

Cl

AICI3

|

AIClg

Page 677; 2 frdcdpfr & 2 T 5|1 & §



GBS A
i)% F& ! ”ﬁ BN AR FOREEE R

(Hl
NO, I\lLll )3 SO;H

5 &bd

These usually give poor yiclds in
Friedel — Crafts reactions.



1) 7 E%RANTF B2

CH(CH,), CH(CH,),
H,C
-+ \CH()H ﬁ»
/ 60°C
H,C
CH(CH,),
Isopropyl- p-Diisopropylbenzene
benzene (14%)
(24%)

ii1) Polyacylation does not occur because the acyl group deactivates
the aromatic ring to further substitution



AFHEM AP RPBRF Y > R AN AR ERAFLFRAL(
active, Rpt B~ R4 fL 5 activating groups (ortho-para directors);
F 2_R# % deactivating group (meta director).

Ortho Para Meta
CH, CH,

CH CH = 2 Oy )= 1/ v
2 3 “ 3 : LU im;%i?},@f—r,gCH?);
Q HNO, N N activating group
H,SO,
NO,
NO,

o-Nitrotoluene p-Nitrutoll-lene m-Nitrotoluene
(59%) 37%) (4%)

NO, NO,

NO, NO,
' o ‘ ‘ F i B R 3 F 104, N0, 5
% 2 + deactivating group
NO
NO,

[

2

(6%) 1%) 93%)



Ortho—-Para Directors Meta Directors

Strongly Activating Moderately Deactivating
—NH2, —NHR, —NR, —C=N

—OH 0 - —SO;H

Moderately Activating —CO.H, —CO,R
—NHCOCH,, —NHCOR —CHO, —COR

—OCH3, QR Strongly Deactivating
Weakly Activating = NOz+

—CH;, —C;Hs, —R —NR,

—C¢Hs —CF3;, —CCl,

Weakly Deactivating
—F:, —Cl:, —Brs, —
|



%~ HZ BN A@Br, C1)E - 4#6] 5 v i £deactivating group,

4 #ortho-parai~

Ortho Para Total Ortho Meta
Product Product and Para Product
Reaction (%) (%) (%) (%)
Chlorination 39 55 94 §)
Bromination 11 87 98 2
Nitration 30 70 100
Sulfonation 100 100



Ortho Attack

CF, CF, CF, CF,
E* E E E
— H«— H <«— H

+ +

Highly unstable
contributor
Para Attack
CF, CF, CF, CF,
E+
H E H E H E

Highly unstable
contributor



Meta Attack
CF, CF, CF, CF,

+ -
E* H H

CF,

=1

+ HNO, HS0,,

Trifluoromethylbenzene (~100 %



Ortho Attack

:NH, :NH, :NH, (NH, NH,
A E* E E E E
—_— H<«—b H<«——— H<«— H
- + +

Relatively stable

contributor
Para Attack

:NH, :NH, ENH, LKIHZ :NH,
7

— «—> «—> L e
R + &
E+ E H E H E H E H

Relativelv stable

Meta Attack

:NH, :NH, :NH, :NH,
X
- H H ~" H



Most electron donating|£ﬁH2, —{\NRZ = —(\OH, fOR > X

Least electron donating

Ortho Attack
i i i i
H—C—H H—C—H H—C—H H—C—H
E+ E i E i E
— —> H «—— H
+ +
R R Relatively
stable contributor
+ Et — — Meta Attack
I i i i
E E H H—C—H H—C—H H—C—H H—C—H
Transition state Arenium ion
is stabilized. is stabilized. + +
— H «<— H «<— H
T+ ~ ~ ~
E E E = E
Para Attack
i i i i
H—C—H H—C—H H—C—H H—C—H
\li* E H E H E H
Relatively

stable contributor



Page 681 exercise: Predict the major producs:

CHs CHa

fume H2504 @/SOSH
'

SO3H

H,S0,, HNO;3

'

© ©\N02
NO»
Bry, FeBrs
o
NA Br
OH O
@ - Ei *

CH3C—CI

AICl5



Halo groups are ortho-para directors but are also deactivating
X The electron-withdrawing inductive effect of the halide is the
primary influence that deactivates haloaromatic compounds toward
electrophilic aromatic substitution
*¥*¥The electron-donating resonance effect of the halogen’ s

unshared electron pairs is the primary ortho-para directing
inf luené@tho Attack

oG- @ww

Relatively stable

Meta attack ator
e Inductive effect of chlorine
atom deactivates ring.
Meta attack

e] @w @w@



BN ERZ BT F 5 (699-703):
When designing a synthesis of substituted benzenes, the order in
which the substituents are introduced is crucial

Br Br Br
e TRRTEE fj“” @
NO»
NO»

Br Br Br

© Br,, FeBrg H>S04, HNO3 +

NO,

NO,

NO» NO;

© H,S0,, HNO; Brp, FeBrs
> >

Br



CH,

HNO,
H,S0,

CH

(1) KMnO,, OH™, heat

FRAATHE S

CH,
NO,

p-Nitrotoluene

(separate ortho from para)

g~

o-Nitrotoluene

(2) H,0*

CO,H
Hl’\(}
H, S()
heat

Benzoic acid

CO,H CO,H CO,H
NO,
NO,
NO,
CO,H
(1) K\Ill(}l4.()ll , heat X
(2) H,0*
NO,
p-Nitrobenzoic
acid
CO,H
NO,
1) KMnO,, OH", heat g
(7) H,0"
o-Nitrobenzoic acid
L() H

i NO,

m-Nitrobenzoic
acid



CHs

Brz, FeC|3

CCl3

CHs
Cly, light

-

CCl; CCl3
Br
Br
Br
CH
CHs 3
Br
> +
Br
Clz, light Cl, light
CCl3 CCl3
Br
Br
CClj CCl3
Bry, FeCls

Br



?

® A

Zn/Hg

Q&
My

CH,CHs

Cl,, ACI5

Cl



0 0 0
| I |

NH, NHCCH, NHCCH, NHCCH,
NO,
‘ O CH,COCI HNO,
_— _ —
base H,SO,
NO,
Aniline Acetanilide p-Nitro- o-Nitro-
acetanilide acetanilide
90%) (trace)
O i Bt The concept of the
protecting group
This step removes NH
0 2
|| T

the CH,C— group ”

and replaces it + CH,CO™
with an —H.
NO,
p-Nitroaniline
NHCOCH, NHCOCH, NHCOCH, NH,
NO, NO,
concd HNO, (1) H,0
é é é‘
H,SO, H,SO,,
heat
(2) OH™
SO,H SO,H
Acetanilide o-Nitroaniline

(56%)



h) Orientation in disubstituted benzene:

i) When two substituents are present on the ring initially, the more
powerful activating group generally determines the orientation of
subsequent substitution

NHCOCH, NHCOCH, NHCOCH,

JEVC

(major product) (mmor product)

ii) Ortho-para directors determine orientation over meta directors

iii) Substitution does not occur between meta substituents due to
steric hindrance

A ads "L

Exercise 703 (62% (37%) 1%)



Exercise on page 703

OH CN

/ SOgH



2) Benzylic ep d et B33 F B

Vo) N | -
(“ H:CH, CH, C —C—H benzylic
R* 4 hydrogen
—RH Benzylic
_—
carbon
Methylbenzene The benzyl A benzylic
(toluene) radical radical
PR b / B S e S
C C C
Q > —>

Benzylic radicals are
stabilized by resonance.



N

@

C—LG

o Wl
C
-LG~ _ @

A benzylic cation

Benzylic cations are
stabilized by resonance.



a)pd BFE

O
@CH3 + ¢N ]C‘il;t @CH Br + ié
o

Benzyl bromide
(a-bromotoluene)

NBS (64%)
CH CH,CI CHCl,
@ heat @ heat @ heat @
or light or light or light
Benzyl Dichloromethyl- Trichloromethyl-
chloride benzene benzene

Drawing the mechanisms of the above reactions



Cl

©/\/ Cl,, CCly, light
'

major product

Cl, > 2CI-
H N Cl- H
H
_—_—— -) B S
H H \ ~ H
Z = Z



NBS, CCly, light

>

Explain major product

b) Benzylic i B3+ F B

HB
@ CH=CHCH, L @ CHCH,CH
(no peroxides) | 3

Br
1-Phenylpropene 1-Bromo-1-phenylpropane
HBr
@CH=CHCH3 _ >©CH2CHCH3
peroxides |

Br

1-Phenylpropene 2-Bromo-1-phenylpropane



3%k F s

H_ /
C\
\ /
. . C=C\
| o |_C|_ HA, heat
R

Dehydration of the alcohol below yields only the more stable
conjugated alkenyl benzene

HFFR
i

1) KMnO,, OH-, heat
Or-en om0 -lom

Benzoic acid
(~100%)




CH,CH,CH,R C—OH
(1) KMnO,, OH~ _
heat g
(2) H,0*
An alkylbenzene Benzoic acid
€ HCH—=—CHCH.
or o
CH,C= CCH, (1) KMnO,, OH" heat _ , __ (”: R
or (2) H,0" o

T
C,H.CCH,CH,



5)Benzylic halide SN2, SN1Fx &

These halides give mainly S,2 These halides
reactions. give mainly S,1
CH,—X R—CH,—X R—CH—X | "eactions.
| R
R’ |
R'—C—X

These halides may give either S,1 or

|
S,2 reactions. R
Ar—CH,—X Ar—|CH—X Fli
R Ar—CI—X
R R
H.\ /
CH,—X « R’
/ \ " R/
C=C C=C C
/ X / \ \ C/ X
74 \




OH
PRGN

(R) or (S) Achiral Racemic

HO/\/\
Achiral

(but two diastereomers
are possible)



6) T/t EFPBRF B

H, /Nl H, /Nl L, /Nl
SlOW fast fast

Benzene Cyclohexadienes Cyclohexene Cyclohexane
Na R
NH,, EtOH
Benzene 1,4-Cyclohexadiene

Birch reduction



15.26: give the major product:

Cly, FeCl
a) 2 3

|
e

A
O\Q

@]

Cly, FeCl3

l

%@o\
Yalive

(=)}
~

Cl

Clp, FeCl3

COzH CO5H

C|2, FeCI3

Cﬁ
+

Z
@)
N

NO,

C|2, FeCI3

?
%

Q

Cl

Cly, FeCl3

?
S
O

Clz, FeCI3

) OEt

OEt OEt
Cl,, FeCly ©/C' + ©
—_—
Cl



15.27: give the major product:

NHCOCH
a) ©/ 3 HpSO, HNO3
OZN

b) ©/OCOCH3 HpSO4 HNO3
02N
c) COH H,SO4, HNOg
Cl
Cl

15.28: Predict the major product(s):

NHCOCH3 CO2H CO,H
H,SO4, HNOg
O5N

OC020H3 0

“ H,S0,, HNO;
JOR® ]

CO,H NO,



e .
H- ( 1 molar equivalent
2 ©/\ HCI _ ©)\ f) ©/\/\ 2 ( - q >)
[ @M
KMnO4, OH-, heat
o
H3O*

ot N
b) ©)\/ CH30 Na> ©/\/
HA O
heat ©/LOH
Peroxide
©/\/\ _ ©/\(\

C)

HA, H,O ©)\/\



15.29: From benzene, synthesize the following compounds:




H,SOy4, HNO3
h) ]

C|2, FeCI3

\

Cl

NO,
H,S0O,, HNO3

|
Z
@)

e

C

NO, NO,
H2S04, HNO3 - " @\
Br
O5N
Br,, FeBr
pFebs oo )
o Br
Br
C|2 FeCI3

C

. ©\ CH3Br, FeBrs
Cl

HO,C
KMnO,, OH" heat \©\
H50* Cl



C

Cl, FeCl3

C|2 FEC|3

\

H,S0,

HO3S
o
cl

cl
O,N
H,S04, HNO; \©\
B} Cl

Cl

NO,

.y

©\ H2804, HN03
SO3H

SO3H



