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19.1 INuroaguction to
Electrophilic Aromatic
Substitution

* In chapter 18, we saw how aromatic C=C
double bonds are less reactive than typical
alkene double bonds

* Cons Br
SIEEe:
"By
Br
1
"By
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19.1 INuroaguction to
Electrophilic Aromatic

C. i~k kiAW

Br
@ LA .
"By

* When Fe is introduced a reaction occurs

Br
Fe

(75%)

* |s the reaction substitution, elimination,
addition or pericyclic? dein, organic NALEY
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19.1 INuroaguction to
Electrophilic Aromatic
Substitution

* Similar reactions occur for aromatic rings
using other reagenti

S AN e
@/C' O/r~102 <j|/803H @/R

* Such reactions are called Electrophilic
Aromatic Substitution (EAS)

* Explain each term in the EAS title
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19.2 Halogenation

* Do you think an aromatic ring is more likely
to act as a nucleophile or an electrophile?
WHY?

* Do you think Br, is more likely to act as a
nucleophile or an electrophile? WHY?
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19.2 Halogenation

* To promote the EAS reaction between
benzene and Br,, we saw that Fe is necessary

° 2Fe—|—3Br2—>2FeBr3

:iB'r: > '?'r
:I%{r—l%{r:éFe N _ :Br—ﬁl::’;r—Fg) Br
:Br”  Br: |
oo oe :g.r:

* Does this process By
make Bromine a e o .
better or worse — Br -'?’!_Fle"?’.r
electrophile? HOW? :Br:
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19.2 Halogenation

 The FeBr, acts

H Nucleophilic attack as a Lewis
i acid. HOW?
(X e 9 i
:Br ﬁg_r FeBry, * AlBr; is

sometimes
In the first step, the @ H used instead
aromatic ring functions 55 of FeBr3
as a nucleophile, Br:
forming an intermediate °* A resonance-
sigma complex stabilized

carbocation is

f?lgm&g’anic helrr]ﬁs ry
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* Draw the resonance hybrid

@

H

19.2 Halogenation

* The resonance stabilized carbocation is
called a Sigma Complex or arenium ion

i

H

o8

@

Sigma complex
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19.2 Halogenation

* The Sigma Complex is re-aromatized

Proton transfer I.3_r:
+ FeBrs + HBr

©

In the second step,
the sigma complex

o IS deprotonated,
Br: restoring aromaticity
®

* Does the FeBr; act as catalyst?
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19.2 Halogenation

* Substitution occurs rather than addition.
WH

Sigma
complex

: :Br
Br
Free

energy Addition product

o

Substitution product
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19.2 Halogenation

* Cl, can be used instead of Br,

ol
AlCI,
+ Cly, —> + HCI

(85%)

* Draw the EAS mechanism for the reaction
between benzene and Cl, with AICI; as a

Lewis acid catalyst
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19.2 Halogenation

* Note the general EAS mechanism

O/H Nucleophilic attack Proton transfer O/ Cl:
. g O e
:Cl B Cl—AICl, :Cl—AICl,
In the first step, . In the second step,

the aromatic ring the sigma complex

® H H H
functions as a nucleophile, _ i & is deprotonated,
forming an intermediate Cl: Gl Gl restoring aromaticity
sigma complex =2 —

Sigma complex

» Practice with conceptual checkpoint 19.1
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19.1 When benzene is treated with Iz in the presence of CuCls, iodination of the 1

ring is achieved with modest yields. It is believed that CuCl; interacts with I, to I
generate I7, which is an excellent electrophile. The aromatic ring then reacts with CuCl,

I" in an electrophilic aromatic substitution reaction. Draw a mechanism for the
reaction between benzene and I™. Make sure that your mechanism has two steps,
and make sure to draw all of the resonance structures of the sigma complex.
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19.3 Sulfonation

* There are many different electrophiles that
can be attacked by an aromatic ring

SO;H
@ Fuming H,SO,, @/

(95%)

 Fuming H,50, consists of s
SO; gas "o"

e SO, is qwte.an&%trophlllc &

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-14
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19.3 Sulfonation

* Let's examine SO, in more detalil

* The S=0 double bond involves p-orbital
overlap that is less effective than the orbital
overlap in a C=C double bond. WHY?

* As a result, the efficient overlap Inefficient overlap

S=0 double bond
behaves more as

a S-O single bond C—C
with formal (1)

charges. WHAT

are the charges?
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19.3 Sulfonation

* The S atom in SO,

carries a great deal of
positive charge

°* The aromatic ring is
stable, but it is also
electron-rich /

* When the ring attacks | -
SO,, the resulting 10
carbocation is @6 i
resonance stabilized ‘

* Draw the resonance LEY
Lontributors and.theis e Klein, Organicwemlgry

Do

Nucleophilic attack

In the first step,
the aromatic ring
functions as a nucleophile,
forming an intermediate
sigma complex




19.3 Sulfonation

°* As In every

EAS 0

mechanism, O/ 0

a proton
transfer re- »
aromatizes He H

the ring

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-17
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Proton transfer

H A

{\ / .O .e
: \

2 \ S,QH
H \

s
The resulting
anion is
protonated

Proton transfer

In the second step,
the sigma complex
is deprotonated,
| restoring aromaticity
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19.3 Sulfonation

* The spontaneity of the sulfonation reaction

depends on the concentration
: SO;H

Concentrated
O/ H

/ fuming H,SO, \
\ Dilute H,SO, /

* We will examine the equilibrium process in

more detail later in this chapter

* Practice with conceptual checkpoints ey
Colrgt.@zman deylgi 3 All rights reserved.9-18 Klein’ Organic Werr]ﬁgry
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19.2 Draw a mechanism for the following reaction. Hint: This
reaction is the reverse of sulfonation, so you should read the
sulfonation mechanism backward. Your mechanism should involve

a sigma complex (positively charged).

SO4H _ H
Dilute H,50, .

L
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19.3 When benzene is treated with D50, a deuterium atom
replaces one of the hydrogen atoms. Propose a mechanism for this
reaction. Once again, make sure that your mechanism involves a
sigma complex.

D,S0,
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19.4 Nitration

* A mixture of sulfuric acid and nitric acid
causes the ring to undergo nitration

/H%ﬁ

OH

NO
_HNOg
“H,S0,
|C|) (95%)
ﬁ O H @) T3
O | o ]
> oA VNSO H N®
:Q Do |c|)
H e

Nitronium ion

* The nitronium ion is highly electrophilic

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-21
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19.4 Nitration

* The ring attacks the nitronium ion

Nucleophilic attack

H
O:
N//Q
.O// @
In the first step, "
the aromatic ring
functions as a nucleophile, ® H
formi . :
orming an intermediate NO,

sigma complex
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19.4 Nitration

* The sigma complex stabilizes the carbocation

@ H H H
NO, NO, NO,
—> —>
@® ®

Sigma complex

Klein, OrganicWelrrlﬁgry
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19.4 Nitration

* As with any EAS mechanism, the ring is re-

aroma’

Proton transfer
NO,

H /7\
f\-.o.- In the second step,
the sigma complex
H is deprotonated,
NO, restoring aromaticity

@
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19.4 Nitration

* A nitro group can be reduced to form an

amine NO, NH,
Fe or Zn\

(95%)
e Comk -~ o e 0 “NH,’tep
proce 1) HNOy/H,80, |
2) Zn, HCI
KIe|n Organchemlgry
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19.4 Draw a mechanism for the following reaction and make sure to draw all three resonance structures of the sigma complex:

HNO,
HaS0,

NO,
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19.5 Friedel-Crafts
Alkylation

* Do you think that an alkyl halide is an
effective nucleophile for EAS?
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19.5 Friedel-Crafts
Alkylation

* In the presence of a Lewis acid catalyst,
alkylation is generally favored

)

* What role do you think the Lewis acid plays?

(66%)
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19.5 Friedel-Crafts
Alkylation

:('|3'|: . :(.|3'|: | :(|3|:
& U — C— ARGl —— :Gl— A=
oo -6|/ \é.l- oo | oo @ .o | oo
:Cl: :Cl:
Carbocation
* A carbocation is generated
* The ring then attacks the carbocation

* Show a full mechanism

Klein, OrganicWelrr]ﬁgry
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19.5 Friedel-Crafts
Alkylation

* Primary carbocations are too unstable to
form, yet primary alkyl halides can react
under Friedel-Crafts conditions

SEEsls aalle o

(35%) (65%)
* First the alkyl halide reacts with the Lewis
acid - show the product

NN AICI,
QI: —
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19.5 Friedel-Crafts
Alkylation

* The alkyl halide / Lewis acid complex can
undergo a hydride shift

NE o Hydride shift o
/\[ﬁ\g_ ACl, . /\@/ AICI,

H A secondary
carbocation

* Show how the mechanism continues to
provide the major product of the reaction

Klein, OrganicWelrr]ﬁgry
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The a
comp
direct

Show

19.5 Friedel-Crafts

Alkylation
kyl halide / Lewis acid ® o
ex can also be attacked /\K\Q'—AICI:J,
y by the aromatic ring H

how the mechanism provides the minor

product

Why might the hydride shift occur more
readily than the direct attack?

Why are reactions that give mixtures of

products often impractical?

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-32
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19.5 Friedel-Crafts
Alkylation

* There are three major limitations to Friedel-
Crafts alkylations

1. The halide leaving group must be attached to an
sp3 hybridized carbon

\/\CI

No reaction
/ AICI,
Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-33
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> No reaction
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19.5 Friedel-Crafts
Alkylation

2. Polyalkylation can occur

@ ACl,

We will see later in this chapter how to control
polyalkylation

Klein, OrganicWelrrlﬁgry
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19.5 Friedel-Crafts
Alkylation

3. Some substituted aromatic rings such as
nitrobenzene are too deactivated to react

NO,

AICI,

> No reaction

We will explore deactivating groups later in this
chapter

* Practice with conceptual checkpoints 1 0
Copyrlhg-Z@S,Jofa\/Md Sf:l-s,gc- Jrights reserved.9-35 Klein’ Organic helmlgry
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19.5 Predict the expected product(s) when benzene is treated

with each of the following alkyl halides in the presence of AlCl3. In
each case, assume conditions have been controlled to favor mono-

alkylation.

Cl
SAS'de o
(a) (b) ()
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19.6 Draw a mechanism for the following reaction, which involves
two consecutive Friedel-Crafts alkylations. When drawing the
mechanism, do not try to draw the two alkylations as occurring
simultanecously (such a mechanism would have too many curved
arrows and too many simultaneous charges). First draw the steps
that install one alkyl group and then draw the steps that install the
second alkyl group.

AlCH,

*
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19.6 Draw a mechanism for the following reaction, which involves
two consecutive Friedel-Crafts alkylations. When drawing the
mechanism, do not try to draw the two alkylations as occurring
simultanecously (such a mechanism would have too many curved
arrows and too many simultaneous charges). First draw the steps
that install one alkyl group and then draw the steps that install the
second alkyl group.

AlCH,

*
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19.7 A Friedel-Crafts alkylation is an electrophilic aromatic
substitution in which the electrophile (E7) is a carbocation. In
previous chapters, we have seen other methods of forming car-
bocations, such as protonation of an alkene using a strong acid.
The resulting carbocation can also be attacked by a benzene
ring, resulting in alkylation of the aromatic ring. With this in
mind, draw a mechanism for the following transformation:

(

H.SO,

(68%)
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19.6 Friedel-Crafts Acylation

* Acylation and alkylation both form a new
carbon-carbon bond

O
Alkyl Acyl
O/ group - group

* Acylation reactions are also generally
catalyzed with a LeW|s acid

@ )L

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved. 9-40
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19.6 Friedel-Crafts Acylation

* Acylation proceeds through an acylium ion

fo) ol o2 :Cl: Gl
- . .O o -
|CI; - | \\ I’N-E':) |® .e (—D_ ., LX) @ -..
R™NEEST 4 e /c—g—/:'u—gl: — g-Cc=a3 :g—,?l—g.
e oc/ \-.
:Cl Cls i :Cl: Acylium ion :Cl:

Klein, OrganicWelrr]ﬁgry
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19.6 Friedel-Crafts Acylation

* The acylium ion is stabilized by resonance

DV .
R—Cﬁ/\Q: | R—CEOG?

Resonance stabilized
* The acylium ion generally does not rearrange
because of the resonance

* Draw a complete mechanism for the reaction
between benzene and the acylium ion

Klein, OrganicWelrr]ﬁgry
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19.6 Friedel-Crafts Acylation

* Some alkyl groups cannot be attached to a
ring by Friedel-Crafts alkylation because of
rearrangements

* An acylation followed by a Clemmensen

rediiction is a anod alternative
@)

Zn(Hg)
AlCl, HCI, heat

(73%)

—
Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-43 Kleln' Organlc hem|S7rpy



19.6 Friedel-Crafts Acylation

* Unlike polyalkylation, polyacylation is
generally not observed. We will discuss WHY
|ater in thic chanter

1, A
R™ ~CI_ R R™ “c
@ ACl, AlCI, oy

* Practice with conceptual checkpoint 19.8
through 19.10

Klein, OrganicWelrr]ﬁgry
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19.8 Identify whether each of the following compounds can be
made using a direct Friedel-Crafts alkylation or whether it is neces-
sary to perform an acylation followed by a Clemmensen reduction

to avoid carbocation rearrangements:
(a) m () m
(c) ©/v (d) ©/\

Klein, OrganicWelrr]ﬁgry
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19.9 The following compound cannot be made with either a
Friedel-Crafts alkylation or acylation. Explain.

Klein, OrganicWelrrlﬁgry
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19.10 A Friedel-Crafts acylation is an electrophilic aromatic sub-
stitution in which the electrophile (E7) is an acylium ion. There are
other methods of forming acylium ions, such as treatment of an
anhydride with a Lewis acid. The resulting acylium ion can also be
attacked by a benzene ring, resulting in acylation of the aromatic
ring. With this in mind, draw a mechanism for the following trans-

formation:

O

Klein, OrganicWelrr]ﬁgry
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19.7 Activating Groups

* Substituted benzenes may undergo EAS
reactions with faster RATES than
unsubstituted benzene. What is rate?

* Toluene undergoes nitration 25 times faster
than benzene

* The methyl group activates the ring through
iInduction (hvperconiugation). Explain HOW

CH,
HNO, M)

H2804, B

Klein, OrganicWelrr]ﬁgry
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19.7 Activating Groups

* Substituted benzenes generally undergo EAS
reactions regioselectively

CHj CH, CHj CHj
NO,
HNO3\
1,50, " -
NO,
ortho- meta- para-
Nitrotoluene Nitrotoluene Nitrotoluene
(63%) (3%) (34%)

Klein, OrganicWelrr]ﬁgry
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19.7 Activating Groups

* The relative position of the methyl group and
the approaching electrophile affects the

stability of the sigma complex

N@) ?
CH3 \\ @

_N | CH CH CH
& AT N, 3 3 3
g Q: ;{;’;ﬁ @ H H H
_— NO, NO2 NO,
L — L —
® ®

* If the ring attacks from the ortho position,
the first resonance contributor of the sigma
complex is stabilized. HOW?

* |s the transition state also affected?

Klein, OrganicWelrr]ﬁgry
Do
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19.7 Activating Groups

CH; CHy CHj, CHs
meta
attack @® ©®
.b.' - —> «—>
NN NO, NO, NO,
A Y H H H
Q
CHg CHa CH3 CHa
r @f |
para
attack
® ®
i H NO, H NO; H NO,
O=N=0
®

Klein, OrganicWelrr]ﬁgry
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19.7 Activating Groups

* Explain the trend below

ortho attack meta attack para attack
CH,
@i
R CHg
, CHj H
Potential
energy H
| O NO, | ,
H NO,
Reaction coordinate Reaction coordinate Reaction coordinate

* The ortho product predominates for y
-Statistical reasons.despite some @eli'rgmastgfé‘r%rs'fg



19.11 Draw the two major products obtained when toluene
undergoes monobromination.
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19.7 Activating Groups

* The methoxy group in anisole activates the
ring 400 times more than benzene

* Through induction, is a methoxy group
electron withdrawing or donating? HOW?

i Twe methoxy group donates through

& CHs 2 CHs ® _CHj o5 CHs

@ NI AR

* Which resonance structure contrlbutes rrw
ic Chemis ry

Klein, Organi

COpy G101 0 Y Saspas1E L rights [aeerydd a5 41




19.7 Activating Groups

* The methoxy group activates the ring so
strongly that polysubstitution is difficult to

avoid OCHg OCHg
i Br-. i Br
Xs Br,
—>
Br
(100%)

* Activators are generally ortho-para directors

Klein, OrganicWelrr]ﬁgry
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19.7 Activating Groups

* The resonance stabilization affects the

regigselec

OCH3
N ®
/> - \\O ortho
. attack
s
OCHg
meta
attack
o
N
N
/
<0,
OCHj
para
attack
i
- |
:o{\:N: 0
. @

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-56
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...,C @/CH

e — e — e - =

.. .CHs .. .CH .. -CHj
07 o ol
@® ®
> >
NO, NO, NO
® H H H

.. CHg .._CHg .._CHg @ CH
07 07 C:,O/ sl
&)
—> «—> —>
® ®
H NO, H NO, H NO, H NO,

Klein, OrganicWelrr]ﬁgry



19.7 Activating Groups

* How will the methoxy group affect the

ortho attack meta attack para attack
A
i CH
Potential
ener
ay N 0 |
Reaction coordinate Reaction coordinate Reaction coordinate

* The para product is the major product. WHY?

Klein, OrganicWelrr]ﬁE‘ry
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19.7 Activating Groups

* All activators are ortho -para directors

* Give reactants necessary for the conversion
below

(P ——

* Practice with conceptual checkpoint 19. VILEY
emistry

Klein, Organic

NO,
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19.12 When ethoxybenzene is treated with a mixture of nitric acid
and sulfuric acid, two products are obtained, each of which has the

rmolecular formula CgHyNO,;.
(@) Draw the structure of each product.

(b) Propose a mechanism of formation for the major product.

Klein, OrganicWelrr]ﬁgry
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19.8 Deactivating Groups

* The nitro group is electron withdrawing
through both resonance and induction.
Explain HOW

* Withdrawing electrons from the ring
deactivates it. HOW?

* Will withdrawing electrons make the
transition state or the intermediate less
stable?

Klein, OrganicWelrr]ﬁgry
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19.8 Deactivating Groups

N02 \?:7@
_ NO NO NO
- \ 2 2 2
G e || d ; §
E—— NO NO
2 NO2 2
@ ®
NOg N02 N02 N02
meta
attack @ @
. .O.' > «“—>
\;‘xN//S NO, NO, NO,
A o ¥ H
Q.
NO, NO, NO, NO,
para 2
attack
—> —>
® @
|
H NO, H NO, H NO,
0=N=0;

Klein, OrganicWelrr]ﬁsl%ry

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-61 e



19.8 Deactivating Groups

* The meta product predominates because the
other positions are deactivated

ortho attack meta attack para attack
A
N02 N02
H
Potential
energy H NO,
| NO, -
H
Reaction coordinate Reaction coordinate Reaction coordinate

* Practice with conceptual checkpoint 19.13

Klein, OrganicWelrr]ﬁE‘ry
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19.13 When 1 3-dinitrobenzene is treated with nitric acid and sul-
furic acid at elevated temperature, the product is 1,3, >rinitroben-
zene. Explain the regiochemical outcome of this reaction. In other

Klein, OrganicWelrr]ﬁgry
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19.9 Halogens: The
Excegtlon

* All electron donating groups are ortho-para
directors

* All electron withdrawing groups are mnfn-
dire | Activator Deactlvator ens

\é}/ )

* Halogens withdraw electrons by induction
(deaCtlvatlng) Klein, Organchemlgry
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19.9 Halogens: The
Exception

* Halogens donate electrons through
resofance

.. . . @
:Cl: :Cl: Cl: or
NH
a2 \\O. ortho ® H H @ H H
' _attack, NO, NO, NO, NO,
—> —> < >
® ®

:Cl: :Cl: :Cl: :Cl:
meta
attack ® @
'(').. —> >
\\_}\"MN//\S NOQ NOQ N02
. e L1 L o®.
:Cl: :Cls :Cl: (iCI: -Cl
para ®
attack
——— — > s
) ® @
2 | H NO; H NO, H NO, H NO,
‘0=N=0i; '

@

Klein, OrganicWelrr]ﬁgry
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19.14 Does chlorination of chlorobenzene require the use of a
Lewis acid? Explain why or why not?

19.15 Predict and explain the regiochemical outcome for chlori-
nation of bromobenzene.
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19.10 betermining the
Directing Effects of a

° Let's summa|$z'eI pétjitéi@r@teffects of more

substituents
1.STRONG activators. WHAT makes them

O&H E;f'o::O QM O/”H OER
OT @( e @r T O/

Klein, Organic emlgry

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved. 9-67 5
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19.10 betermining the
Directing Effects of a
: Substitiient

3.WEAK activators. WHAT makes them weak?

4 WEAK deactivators. W
weak?

ydealsalion

HAT makes them

@UU

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-68

Klein, Organic emlgry
Do



19.10 betermining the
Directing Effects of a

. Substituent

5.Moderate deactivators. WHAT makes them
mMnAarata?

6.STRO*'~™ '~ ~"*"7x Ty x "

stron ( @/ @/ O/
(X=Halogen)

Klein, Organcherr]ﬁsl%ry
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19.1U betermining tne
Directing Effects of a

* For the comp&“@@&% @Jaetrmine whether

the group is electron withdrawing or donating

* Also, determine if it is activating or
deactivating and how strongly or weakly

* Finally, determine whether it is ortho, para,
or meta directing

C(Y

* Practice with SkillBuilder 19.1

Klein, Organic Welrr]ﬁs ry
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19.16 For each of the following compounds, determine whether the ring is activated or
deactivated, then determine the strength of activation/deactivation, and finally determine

the expected directing effects.
0

Br
ass Cy
(a) (b) (c)

o

N x O
O~ " Oy T
(d) (e) () O

Klein, OrganicWelrrlﬁgry
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19.11 Multiple Substituents

* The directing effects of all substituents

attached to a ring must be considered in an
EAS reaction

* Predict the major product for the reaction
b"‘CH3‘ TR AIN

Br,
FeBr;

>

NO,

Klein, Organic CNariktry.
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19.11 Multiple Substituents

* Predict the major product for the reaction
below and EXPLAIN

OH

HNO,
>
H,SO,

CHj;

* Practice with SkillBuilder 19.2

Klein, OrganicWelrr]ﬁgry
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19.19 Foreach compound below, identify which position(s)
is/are most Iikelj,.f to undergo an electrophilic aromatic substitution reaction.

(d)

Klein, OrganicWelrrlﬁgry
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19.11 Multiple Substituents

* Consider sterics in addition to resonance and
iInduction to predict which product below is
major and which is minor

NO,
NO,
HNO, .
H,SO0,

Klein, OrganicWelrr]ﬁgry
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19.11 Multiple Substituents

* Consider sterics in addition to resonance and
induction to predict which product below is

major
_HNO,
"H,SO,

Major Minor

* Substitution is very unlikely to ¢ NO,
INn between two substituents. W

* Practice with SkillBuilder 19.3

Not observed

Klein, OrganicWelrr]ﬁgry
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19.22 For each of the following compounds, determine the
position that is most likely to be the site of an electrophilic aromatic substitution reaction:

HO NO, OcN ;Q/GME
(a) U (b) Br (

c)

Klein, OrganicWelrrlﬁgry
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19.11 Multiple Substituents

* What reagents might you use for the

following re n?
9 Br

* |s there a way to promote the desired ortho
substitution over substitution at the less

hindered para, position?
* Maybe,you cauld first block qQut the par
It?@tﬁ group Brominate blacking group,

_ Biockmg group . Blockmg group

Klein, Organic emlgry

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-78 5
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19.11 Multiple Substituents

® B ecause E AS Concentrated

= . fuming H,SO,
sulfonation i L™ AN

. . SO;H
reversible, it O/
can be used a

\ Dilute H,SO, /

a temporary
blocking group

Fuming Br Dilute Br
2804 Br2 H2804
FeBr3

SOH

* Practice with S<|IIBU|Ider 19.4

Klein, Organic Welrr]ﬁs ry
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skill 19.25 Determine whether a blocking group is necessary to accomplish each of the

following transformations:
{a}[ :I |: | /©)\
N”

: NO,
Br
N
e I_I,G
o ,.— :

Klein, OrganicWelrr]ﬁgry
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19.12 Synthetic Strategies

* Reagents for monosubstituted aromatic
compounds

o)
Br. CH,CI C'J\/
§ ° AlCI
AlBr, AICI, 3
(0]

I I E 1) KMnO,,

° P ra Ctl C e W It h Fe or Zn, :I(EESSS ) NaCr)]Hfheat Zn(Hg), HCI

HCI (Section 18.6) 2) H,O0" heat
Conceptua | (Section 18.6)

CheCprintS ij/NH2 CBr, i @/\/
19.28and | ) @A
1929 g Klein, Organic helrr]Tfsl%:ry
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19.28 |dentify the reagents necessary to convert benzene into
each of the following compounds:

(a) Chlorobenzene (b} Mitrobenzene

(c) Bromobenzene (d) Ethylbenzene

(e) Propylbenzene (f) lsopropylbenzene
(g) Aniline (aminobenzene) (h) Benzoic acid

(i) Toluene

Klein, OrganicWelrr]ﬁgry
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19.28 |dentify the reagents necessary to convert benzene into
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(a) Chlorobenzene (b} Mitrobenzene

(c) Bromobenzene (d) Ethylbenzene

(e) Propylbenzene (f) lsopropylbenzene
(g) Aniline (aminobenzene) (h) Benzoic acid

(i) Toluene
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19.28 |dentify the reagents necessary to convert benzene into
each of the following compounds:

(a) Chlorobenzene (b} Mitrobenzene

(c) Bromobenzene (d) Ethylbenzene

(e) Propylbenzene (f) lsopropylbenzene
(g) Aniline (aminobenzene) (h) Benzoic acid

(i) Toluene
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19.29 Identify the product obtained when benzene is treated
with each of the following reagents:

(a) Fuming sulfuric acid (b) HNO5/H,50,
(c) Clz, AlCl3 (d) Ethyl chloride, AlCI;
(e) Bro, Fe

() HNO4/H»50, followed by Zn, HCI

Klein, OrganicWelrr]ﬁgry
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19.29 Identify the product obtained when benzene is treated
with each of the following reagents:

(a) Fuming sulfuric acid (b) HNO5/H,50,
(c) Clz, AlCl3 (d) Ethyl chloride, AlCI;
(e) Bro, Fe

() HNO4/H»50, followed by Zn, HCI
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19.12 Synthetic Strategies

* To synthesize di-substituted aromatic
compounds, you must carefully analysis the
directing groups

* How might you make 3-nitrobromobenzene?

* How might you make 3-chloroaniline?

* Such a reaction is much more challenging,
because -NH, and-Cl groups are both para

directing

* A meta director will be used to install the two
groups

* Lneof.the.groups.wibssubseque ity dyenic Wér%%r:y(



19.12 Synthetic Strategies

TABLE 19.2 FUNCTIONAL GROUP CONVERSIONS THAT CHANGE DIRECTING EFFECTS

meta
director
NO,
Zn
HCI
meta
director
(@) 3]
Zn(Hg),
HCI1
heat
meta
director

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-88

ortho-para
director

NH,

ortho-para
director

R

ortho-para
director

director

ortho-para E d:x:tfo :

28

CH,
1) KMnO,,
NaOH,
heat
2) H?,O+

ortho-para meta
director director
CH;3 CBr;
Excess
__NBS |
ortho-para meta
director director

Klein, OrganicWelrr]ﬁgry

Do



19.12 Synthetic Strategies

* There are limitations you should be aware of
for some EAS reactions

1. Nitration conditions generally cause amine
oxidation leading to a mixture of undesired

products  NH, NH,,
NO,

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-89
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19.12 Synthetic Strategies

2. Friedel-Crafts reactions are too slow to be
practical when a deactivating group is
prese o )

CHyCI

AICI, > No reaction

Moderate
deactivator

;N02'
" | CH,CI

Strong Alél > No reaction
deactivator 3

Klein, OrganicWelrr]ﬁgry
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19.30 Starting with benzene and using any other necessary reagents of your choice,
design a synthesis for each of the following compounds. Note: some of these problems
have more than one plausible answer.

NH,
H.N  Br
€=§ 0N Cl H.N C\
@ N\ 7 ® U (c) @\/\{d} N

Klein, OrganicWelrr]ﬁE‘ry
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19.30 Starting with benzene and using any other necessary reagents of your choice,
design a synthesis for each of the following compounds. Note: some of these problems
have more than one plausible answer.

NH,
H.N  Br
€=§ 0N Cl H.N C\
@ N\ 7 ® U (c) @\/\{d} N
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19.12 Synthetic Strategies

When designing a synthesis for a
polysubstituted aromatic compound, often a
retrosynthetic analysis is helpful

Design a synthesis for the molecule below
O,N

D
ar _ Br
O O

Which group would be the LAST group
attached?

WHY can’t the bromo or acyl groups be

attached last?
Klein, OrganicWelrr]ﬁsl%ry

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.9-93 5
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19.12 Synthetic Strategies

°* Once the ring only has two substituents, it
should be easier to work forward
O

“AIBr, AICI,
O

* Explain why other l HNO,
possible synthetic routes H2SO,

are not likely to yield as O.N

much of the final product
e Continue SkillBuilder Br Y
19.6 ey

Klein, Organic Welmls ry
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CTICE the skill 19.33 Starting with benzene and using any other necessary reagents of your choice,
design a synthesis for each of the following compounds. In some cases, there may be more
than one plausible answer.

Cl
Br NH;

Cl
Br

HaM Br
\@[/\ .
(a) O (b) () (d) SO4H

Klein, OrganicWelrrlﬁgry
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CTICE the skill 19.33 Starting with benzene and using any other necessary reagents of your choice,
design a synthesis for each of the following compounds. In some cases, there may be more
than one plausible answer.
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Cl
Br

HaM Br
\@[/\ .
(a) O (b) () (d) SO4H
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CTICE the skill 19.33 Starting with benzene and using any other necessary reagents of your choice,
design a synthesis for each of the following compounds. In some cases, there may be more
than one plausible answer.

Cl
Br NH;

Cl
Br

HaM Br
\@[/\ .
(a) O (b) () (d) SO4H
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19.13 Nucleophilic Aromatic
Substitution

* Consider the reaction below in which the
aromatic ring Is attacked by a nucleophile

NaOH 70° C
H;O"

NO,
* |s there a leaving group?

Klein, OrganicWelrr]ﬁgry
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19.13 Nucleophilic Aromatic
Substitution

* Aromatic rings are generally electron-rich,
which allows them to attack electrophiles
(EAS)

* To facilitate attack by a nucleophile:
1. A ring must be electron poor. WHY?

A ring must be substituted with a strong electron
withdrawing group

2. There must be a good leaving group

3. The leaving group must be positioned ORTHO or
PARA to the withdrawing group. WHY? We must
iInvestigate the mechanism - see next slide

Klein, OrganicWelrr]ﬁE‘ry
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19.13 Nucleophilic Aromatic

Substitution

Nucleophilic attack

M. s
:9469\0

=

QH
In the first step, :Cl  :0H

the aromatic ring

is attacked e
by a nucleophile, C)
forming the intermediate
Meisenheimer complex & Meisenheimer complex
N ..
:04@\O<:9

Copyright © 2015 John Wiley & Sons, Inc. All rights reservéb9-100

Draw all of
the
resonance
contributors
INn the
Intermediate
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19.13 Nucleophilic Aromatic
Substitution

* In the last step of "
the mechanism, i
the leaving group S
IS pushed out as
the ring re- PN
aromatizes —:Ql
. . Ae second step,
:CI7) <OH a leaving group
is expelled to

. . restore aromaticity
Meisenheimer complex

[\'/

N
EsHCIN S}

S
Klein, Organic Welrr]ﬁs ry
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19.13 Nucleophilic Aromatic
Substitution

* How would the stability of the transition

state and intermediate differ for the

followina moleciile?
Br

1) NaOH, 70°C _
2) Hy0" > No reaction

NO,

Klein, OrganicWelrr]ﬁgry
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19.13 Nucleophilic Aromatic
Substitution

* The excess hydroxide that is used to drive
the reaction forward will deprotonate the
phenol, so acid must be used after the NAS

) .
st Br :0: :OH
Excess NaOH H;O"
70°C
NO, NO, NO,

* Practice with conceptual checkpoints 19.315 .
Copytgh gQMog meylgs §Z| rights reservél9-103 Klein, Organic Wemlgry

Do




19.35 Predict the product of the following reaction:

Br

NaQCHs, heat
Cl NO, >

19.36 Starting with benzene and using any other necessary
reagents of your choice, design a synthesis for the following

compound:

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.

Klein, OrganicWelrr]ﬁgry
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19.14 Elimination Addition

* Without the presence of a strong electron
withdrawing group, mild NAS conditions will
not prodt ¢

NaOH _
Heat ~

No reaction
° S|gn|ﬁcnnH\/ harcher rnnrhhnnc :qrp requ|red

) NaOH, 350°C
30+

Klein, Organic emlgry
Do
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19.14 Elimination Addition

* The reaction works even better when a
stronger nucleophile is used

Cl NH,

1) NaNH,, NH, (/)
2) HyO"

N
Ve

« Why is NH, a stronger nucleophile than OH-?

Klein, OrganicWelrr]ﬁgry
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19.14 Elimination Addition

. Consider the substitution reaction using
NH,

Cl
NaNH2 NH; (/)
30+

The product regioselectivity cannot be

explained using the NAS mechanism we
discussed previously

Isotopic labeling can help to elucidate the
mechanism - see next slide

Klein, Organic Eharmietry
Copyright © 2015 John Wiley & Sons, Inc. All rights reserveb9-107 €in, Yrganic em|S7rpy




19 14 Ellmlnatlon Addltlon

1) NaNH,, NH, (/
2) H;O"

* The C*is a C label 50% 50%
 The NH, firstacts as a base rather than as a

nl&:leophlle :16':
P Ij\eg.l\]Hz *q@ @

Benzyne

Klein, OrganicWelrr]ﬁgry
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19.14 Elimination Addition

* The benzyne intermediate is a *

short-lived unstable N
intermediate
* Does a 6-membered ring allow

for sp hybridized carbons? Benzyne

* The benzyne triple bond = ‘
resembles more closely an sp?- N
sp? overlap than it resembles a

p-p overlap

Klein, OrganicWelrr]ﬁgry
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19.14 Elimination Addition

A second molecule of NH,  acts as a

nucleophile by attacking either side of the
NH, NH,

ok @““ |

2

@AL\% @/NHQ ] -\H\ ©/NH2
(b)

 Does NH, act as a catalyst?

Q\Z,—I

Klein, OrganicWelrrlﬁgry
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19.14 Elimination Addition

* Further evidence for the existence of the
benzyne intermediate can be seen when the
benzyne is allowed to react with a diene via

—-— h AIA AIAI AAAAAA LIAIA

O
FJ o G| _Diels-Alder,
_________ — /
c A
Benzyne Furan Cycloadduct

* Practice with conceptual checkpoint 19.38
and 19.39

Copyright © 2015 John Wiley & Sons, Inc. All rights reserveb9-111
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19.38 Draw both products that are obtained when 4-chloro-
2-methyltoluene is treated with sodium amide followed by treat-
ment with H;O™.

19.39 Starting with benzene and using any other necessary reagents
of your choice, design a synthesis for anisole (methoxybenzene).

Copyright © 2015 John Wiley & Sons, Inc. All rights reserved.
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19.15 ldentitying the
Mechanism of an Aromatic

* The %ow cﬁgrlttlgje (I)% rc']arﬂ)eeaugetcl to identify

the proper substitution mechanism

' Electrophilic
Electrophilic aromatic
substitution

Are the reagents

| Elimination
addition

electrophilic or nucleophilic? Yes
| ShAr
Nucleophilic [ Are all three criteria satisfied
L for a nucleophilic aromatic substitution? 5 l

No

* Practice with
SkillBuilder 19.7

Copyright © 2015 John Wiley & Sons, Inc. All rights reserveéb9-113
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19.40 Draw the most likely mechanism for each of the following transformations:
Br OH

Br
1) NaOH, 350°C Br, OG
d » —_—
@ 2) H,O (b) FeBr,
O,N 0,N
1) NaNH,
2) HO"
(c) I NH

2

Klein, OrganicWelrr]ﬁgry
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19.40 Draw the most likely mechanism for each of the following transformations:
Br OH

Br
1) NaOH, 350°C Br, OG
d » —_—
@ 2) H,O (b) FeBr,
O,N 0,N
1) NaNH,
2) HO"
(c) I NH

2
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Additional Practice Problems

* Give the products for the reaction below and
a complete mechanism

Cl

© )V /A|C|3)

Klein, OrganicWelrr]ﬁgry
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Additional Practice Problems

* Predict the major product for each reaction
below
HN

J\( HNOs / H,S 0y
v
O NH
i HNOs / H,S 0y
>

Copyright © 2015 John Wiley & Sons, Inc. All rights reservéb9-118
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Additional Practice Problems

* Give necessary reagents for the synthesis
below

® - T
HO

Klein, OrganicWelrr]ﬁgry
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Additional Practice Problems

* Fill in the blanks below

’ [ B } O OH
> bBr " Br
HNO3 / H2504J
/n [/ HC [ }
= >
=
\ ) FtO
D ’ C NO;

Klein, OrganicWelrr]ﬁsli‘ry
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