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Background

e Benzene (CgzHg) is the simplest aromatic hydrocarbon (or arene).
e Four degrees of unsaturation.

e It is planar.

e All C—C bond lengths are equal.

e Whereas unsaturated hydrocarbons such as alkenes, alkynes and
dienes readily undergo addition reactions, benzene does not.

Benzene Br;
CeHe

(an arene)

No reaction

e Benzene reacts with bromine only in the presence of FeBr; (a
Lewis acid), and the reaction is a substitution, not an
addition.

Br; substitution
CeHg FeBr, CeHsBr Br replaces H



The Structure of Benzene:
MO

Benzene—A planar molecule |

H\!
4 z/‘ < 3 3\,
YNy : '( sp? hybridized
120° & ) A

l
p orbitals




The Structure of Benzene: Resonance

The true structure of benzene is a resonance hybrid of the two
Lewis structures.

g — QO

CH3—0H3

1.53 A

CH2:CH2

1.34 A

The hybrid

The electrons in the © bonds
are delocalized around the ring.

Fe

|

Some texts draw benzene
as a hexagon with an inner

circle:

f

The circle represents the
six ©t electrons, distributed over
the six atoms of the ring.

The C—C bonds in benzene are
equal and intermediate in length.



Aromaticity - Resonance Energy

AH° observed AH® “predicted”
(kcal/mol) | (kcal/mol)

! l

o )
Pd- C

cyclohexene

[ j 2 H;2
Pa- C oo £ i—sg/826)‘— slightly more stable than
(small difference) two isolated double bonds

1,3-cyclohexadiene

3H,
© Pd- C —ﬁ] % S%?ée) N much more stable than

(large difference) three isolated double bonds

benzene

Benzene with three “regular” C=C bonds

A\
_ T R e e e e e e e } < Benzene is 36 kcal/mol

O lower in energy.
g AH® = -85.8 kcal/mol
w

(hypothetical) AH® = -49.8 kcal/mol

(observed)
O L OL




Stability of Benzene - Aromaticity

Benzene does not undergo addition reactions typical of other
highly unsaturated compounds, including conjugated dienes.

H
H Bf2 Br
s An addition product would no longer
Addition does not occur. | @ *» Ct «— Sontili e Lenang Tho.
H \ Br
Br PR : :
S ikstinilon oncine. ' 2 A substltutl?)n r;]);ogucrt_ :tl" contains
F eBr, a benzene ring.




The Criteria for Aromaticity

Four structural criteria must be satisfied for a compound to be
aromatic.

[1] A molecule must be cyclic.

Cyclic compound | Acyclic compound |
g 9
;i 7 Y
4 ;>{ —'\‘
\ no overlap
benzene 1,3,5-hexatriene
Every p orbital overlaps with There can be no overlap between the
two neighboring p orbitals. p orbitals on the two terminal C’s.
aromatic not aromatic




The Criteria for Aromaticity

[2] A molecule must be completely conjugated (all atoms sp?).

A completely conjugated ring These rings are not completely conjugated.

l l

© ©‘_ no p orbitals ©<— no p orbital

benzene 1,3-cyclohexadiene 1,3,5-cycloheptatriene
a p orbital on every C not aromatic not aromatic
aromatic



The Criteria for Aromaticity

[3] A molecule must be planar.

) p »
-
* /
< «
cyclooctatetraene a tub-shaped, Adlfé‘l'ie'][t p orbitals Ct?%nfl‘lﬂt t:;yerlap.
not aromatic eight-membered ring ectrons cannot delocalize.
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The Criteria for Aromaticity—Huckel’s

Rule
[4] A molecule must satisfy Hlckel’s rule.

e An aromatic compound must contain 4n + 2 t electrons (n = 0, 1, 2, and so forth).

» Cyclic, planar, and completely conjugated compounds that contain 4n & electrons
are especially unstable, and are said to be antiaromatic.

Copyright © The McGraw-Hill Compandes, Inc. Permission requered for reproduction o display

Benzene Cyclobutadiene Table 17.2 The Number of &t Electrons
An aromatic compound An antiaromatic compound That Satisfy Hiickel’s Rule
n 4n + 2
@ | :
1
4n+2=4(1)+2= 4n=4(1) = 0 10
6 m electrons 4 it electrons
aromatic antiaromatic 3 14
4, etc. 18
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The Criteria for Aromaticity—Huckel’s Rule

1. Aromatic—A cyclic, planar, completely conjugated compound with
4n + 2 n electrons.

3. Antiaromatic—A cyclic, planar, completely conjugated compound with
4n n electrons.

5. Not aromatic (nonaromatic)—A compound that lacks one (or more) of
the following requirements for aromaticity: being cyclic, planar, and
completely conjugated.

O O L

aromatic nonaromatic aromatic antiaromatic nonaromatic aromatic

12



Cyclooctatetraene
8 n electrons

10-Annulene
10 n electrons

12-Annulene
12 n electrons

Annulenes

© antiaromatic

aromatic

antiaromatic

nonaromatic

nonaromatic

nonaromatic

13



14-Annulene
14 n electrons

16-Annulene
16 n electrons

18-Annulene
18 n electrons

Annulenes

aromatic
antiaromatic

aromatic

14



Polycyclic Aromatic Hydrocarbons (PAH)

101 14 1t
naphthalene anthracene phenanthrene
resonance energy 61 83 91

per ring 30.5 27.7 30.3
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Polycyclic Aromatic Hydrocarbons (PAH)

6
1.40

/ /

In 2 resonance structures there is a double bond between C1 and C2

16



Polycyclic Aromatic Hydrocarbons (PAH)

Q0 — 00—~ O —CC0
2 2 1 1

0505055

In phenanthrene there are more resonance structures containing 6-e

17



Polycyclic Aromatic Hydrocarbons (PAH)

the Hickel rule does not apply to large fused systems: the following are all aromatic

pyrene benzopyrene coronene
16 &t 20 &t 24 &

18

graphene



Diphenyl and Terphenyl

O, O ¢
=g
C

e In diphenyl and terphenyl the rings are twisted around the central single bond to avoid
torsional strain.

e The aromatic rings are independent.

19



Other Aromatic Compounds

+ —_— + H-B"
no p orbital —x= — -
B H

H H
cyclopentadiene cyclopentadienyl anion
not aromatic aromatic
pK; =15 a stabilized conjugate base

The cyclopentadienyl anion The ring is completely conjugated
with 6 &t electrons.

v v
% 4 T H
¥ SR
H HS
sp? hybridized C 4

The lone pair resides in a p orbital.

e The cyclopentadienyl anion is aromatic because it is cyclic, planar, completely
conjugated, and has six © electrons.

D L — O—O



Other Aromatic Compounds

(> (2 (

cyclopentadienyl anion cyclopentadienyl cation cyclopentadienyl radical
* 6 i electrons * 4 rt electrons * 5 nt electrons
e contains 4n + 2 =« electrons e contains 4n & electrons e does not contain either 4n

or 4n + 2 nt electrons

aromatic | antiaromatic | nonaromatic |

The tropylium cation The ring is completely conjugated
with 6 ©t electrons.

sp? hybridized C

One p orbital is vacant.

e The tropylium cation is aromatic because it is cyclic, planar, completely conjugated,
and has six &t electrons delocalized over the seven atoms of the ring.

21



Aromatic Heterocycles: Pyridine

O o
50—

two resonance structures for pyridine
6 n electrons

Six © electrons are delocalized in the ring.

% Y ¥4
| M . . Thelone pair occupies an sp? hybrid orbital,
\N perpendicular to the direction of the six p orbitals.
1 H H I
sp? hybridized N _ : : :
A p orbital on N overlaps with adjacent p orbitals,
making the ring completely conjugated.
2H-pyran @) pyrilium ion

O
\ @

4 n electrons @ 6 n electrons |
nonaromatic = aromatic



Aromatic Heterocycles: Pyrrole

The ring is completely conjugated
with 6 & electrons.

Voo

| H
[/ \5 }; ' <— The lone pair resides in a p orbital. |
i e i
/' H H \

sp? hybridized N sp? hybridized N
¢ o 5- o
i EE — > - > f——E - /:&—‘: ...._.../ E f E
N N N N N N5+
H H* H* H* H* H

/ \ / \
SR

furan thiophen ’s



Nomenclature: 1 Substituent

Systematic:

@-cmem

ethyl group

ethylbenzene

Common:
toluene
(methylbenzene)

Gh
(-Eon

CH,

tert-butyl group
tert-butylbenzene

{ Hor

phenol
(hydroxybenzene)

{ Ve

chloro group

chlorobenzene

aniline
(aminobenzene)

25



Nomenclature: 2 Substituents

Identical:
1,2-disubstituted benzene 1,3-disubstituted benzene 1,4-disubstituted benzene
ortho isomer ’ meta isomer l para isomer ’
Br Br Br
Br
Br
Br
1,2-dibromobenzene 1,3-dibromobenzene 1,4-dibromobenzene
o-dibromobenzene m-dibromobenzene p-dibromobenzene
Different:
Alphabetize two different substituent names: Use a common root name:
toluene phenol
Br NO, <—nitro group | | NO,
Cl
Br CH3 OH
F
o-bromochloro- m-fluoronitro- p-bromotoluene o-nitrophenol
benzene benzene




Nomenclature: 3 or More Substituents

Examples of naming polysubstituted benzenes

1
[1] /@CHQCH:;
cr’t }™CH,CH,CHj
4 2

» Assign the lowest set of numbers.

* Alphabetize the names of all the
substituents.

4-chloro-1-ethyl-2-propylbenzene

[2] Cl «—1

* Name the molecule as a derivative of the

common root aniline.

» Designate the position of the NH, group as “1,”
and then assign the lowest possible set of
numbers to the other substituents.

2,5-dichloroaniline

27



Nomenclature

A benzene substituent is called a phenyl group, and it can be
abbreviated in a structure as “Ph-".

2
: H OH
abbreviated as Ph— — | CgHs—H — | CgHs—OH
PhH 1 PhOH \

phenyl group benzene phenol
CeHs—
The benzyl group: Aryl groups:

CH?‘% % %
O/ \an extra CH, group /G/ /Q/
CH5 CH4
Br

benzyl group
CEHECHE_

28



Interesting Aromatic Compounds

e Benzene and toluene, are obtained from petroleum refining and
are useful starting materials for synthetic polymers.

e Compounds containing two or more benzene rings that share
carbon—carbon bonds are called polycyclic aromatic

hydrocarbons (PAHs). Naphthalene, the simplest PAH, is the
active ingredient in mothballs.

The components of the gasoline additive BTX |

O O e

benzene toluene p-xylene naphthalene
(used in mothballs)

29



Interesting Aromatic Compounds

NHCH;

(L
(L

Cl

+ Trade name: Zoloft

* Generic name: sertraline

* Use: a psychotherapeutic
drug for depression and
panic disorders

s O NH
O
H
Qo N N
H
OH
+ Trade name: Viracept
+ Generic name: nelfinavir

« Use: an antiviral drug used
to treat HIV

H
c’;an

O

* Trade name: Valium
* Generic name: diazepam
= Use: a sedalive

* Trade name: Viagra

* Generic name: sildenafil

* Use: a drug used to treat
ereclile dysfunction

N(CH,CH),

* Trade name: Novocain
= (Generic name: procaine
* LUse: a local anesthetic

(IJDECHECHE
N
N
Cl lll -

* Trade name: Claritin
« Generic name: loratadine
+ Use: an antihistamine

for seasonal allergies

30



Interesting Aromatic Compounds

e Benzo[a]pyrene, produced
by the incomplete oxidation
of organic compounds
in tobacco, is found in
cigarette smoke.

benzo[a]pyrene
(a polycyclic aromatic hydrocarbon)

tobacco plant
© David Young-Wolfi/PhotoEdit © Corbis

e When ingested or inhaled, benzo[a]pyrene and other similar
PAHs are oxidized to carcinogenic products. 31



Electrophilic Aromatic
Substitution

32



Introduction

H
Addition | @
H
H
Substitution l ©/

E+

33



Introduction

Reaction Electrophile

[1] Halogenation—Replacement of H by X {Cl or Br)

H X
Q/ X G/ E* = CI* or Br*
FeX,

X=0Cl aryl halide
X=RBr

[2] Nitration—Replacement of H by NO.,

H NO,
@r HNO; @’ e =ko,
H,50,

nitrobenzene

[3] Sulfonation—Replacement of H by S0,H

H S04H 2
T o O EE
HaS0,

benzenasulionic acid

[4] Friedel-Crafts alkylation—Replacement of H by R

H R
@r ACI Q/ P
AICI,

alkyl banzens
(arena)

[5] Friedel-Crafts acylation—Replacement of H by RCO

0
Il

H CN'FI n
@’ RCOCI E* = RGO
AICI,

katone

34



Mechanism

‘ Oit | Mechanism 18.1 General Mechanism—Electrophilic Aromatic Substitution

Step [1] Addition of the electrophile (E°) to form a carbocation

@z_’.‘_{. . @4“5 .. @Z‘E . C;/—”E

resonance-siabilized carbocaton

intermedio di Wheland

Step (2] Loss of a proton to re-fom the aromatic ring

—
- B
E E
@ _.. Q ! H-B'

» Addition of the electrophile (E) forms a new C—E bond

using two 1 electrons from the benzens ring, and
generating a carbocation. This carbocation intermediate
is not aromatic, but it is resonance stabilized—thres
resonance structures can be drawn.

= Step [1] is rate-determining because the aromaticity

of the benzene ring is lost.

In Step [2], a base (B:) remaoves the proton from the
carbon bearing the electrophile, thus re-forming the
aromatic ring. This step is fast because the
aromaticity of the benzene ring is restored.

*» Any of the three resonance structures of the carbocation

intermediate can be used to draw the product. The
choice of resonance structura affects how curved
amows are drawn, but not the identity of the product.

transition state
Step[1] |
o transition state

Reaction coordinate

35



Halogenation

‘ ’.Oh? ' Mechanism 18.2 Bromination of Benzene

Step [1] Generation of the electrophile

2 = * Lewis acid-base reaction of Br, with FeBrs
B'_é’ + " FeBr; > Br—Er—FeBr forms a species with a weakened and
Lewis base Lewis acid electrophile polarized Br—Br bond. This adduct serves
(serves as a source of Br') as a source of Br* in the next step.

Step [2] Addition of the electrophile to form a carbocation

H A H H * Addition of the electrophile forms a new
o Br Br Br  C-Brbond and generates a carbocation.
@,B; —Br—FeBr, —» @A -t @Z o= OL This carbocation intermediate is resonance
stabilized—three resonance structures

resonance-stabilized carbocation can be drawn.

+ FeBrg~ * The FeBr; also formed in this reaction is

the base used in Step [3].

Step (3] Loss of a proton to re-form the aromatic ring
¢ FeBr, removes the proton from the carbon

Br ’- F°B'3 Br bearing the Br, thus re-forming the
+ HBr + FeBrg aromatic ring.

¢ FeBr,, a catalyst, is also regenerated for

The catalyst is -
regenerated. another reaction cycle.

36



Halogenation

CH,CHsN(CH3)s

v
cl N N
“C(CHy)s Ej/J\Q\
CH,4 o ol

Generic name: bupropion chlorpheniramine
Trade names: Wellbutrin, Zyban antihistamine
antidepressant,
also used to reduce nicotine cravings
OCH,COOH CI : :DCHECDDH
Herbicides were used Cl i :CI Cl Cl
extensively during the
Vietnam War to defoliate 2.4-D 2,4,5-T
dense jungle areas. The 2,4-dichlorophenoxy- 2,4,5-trichlorophenoxy-
concentration of certain acetic acid acetic acid
herbicide herbicide

herbicide by-products in the
soil remains high today.

the active components in Agent Orange,
a defoliant used in the Vietnam War

37



Nitration

H NO,
HNO;
H,S0,

nitrobanzene

‘ »Oit, ' Mechanism 18.3 Formation pf fhe Nitronium lon (*NO,) for Nitration

= I .. . o i
H-0-NO, + H-0SO,H — H-Q5NO, — H,0: + NO, = {=N=0
\V
+ HSO, electrophile Lewis structure
lone nitronio

38



Nitro Group Reduction

Aromatic nitro groups (NO,) can readily be reduced to amino groups (NH,) under a variety
of conditions.

N02 NH2
©/ H2, Pd-C ’ @
or

nitrobenzene Fe, HCI aniline
or

Sn, HCI

39



Sulfonation

SO4H
Sulfonation | ©/
25’3.1

benzenesulfonic acid

‘ oit | Mechanism 18.4 Formation of the Electrophile *SO;H for Sulfonation

o 0
N g I =
:648\\%.: +THOSOH  — S, = ['SOH| + HsO,

electrophile

oleum: acido solforico concentrato addizionato di SO,

40



Friedel-Crafts Alkylation

H R
RCI v\
—_— new C—=C bond | + HCI
AICI,

alkyl benzene

Y

. ™ -
(CH3)sC-Cl + AICl; —3» (CHj3)3C—CI*+AICl; —— (CH3)3C* + AICly

C(CH3)a

C(CHg3)s
_/'-ln -
@ + *C(CHz)s —— JHf_a\—AICIa . + HCI + AICl5

Best with 2ry and 3ry halides

41



Limitations

[1] Vinyl halides and aryl halides do not react in Friedel-Crafts alkylation.

Cl
Unreactive halides in the
Friedel-Crafts alkylation CRp=CHCI ©/

vinyl halide aryl halide

[2] Disubstituted products are obtained in F.-C. alkylations, but not in

acylations.
)\CI

@ AICl3 AIGIE
—

More reactive
than benzene

42



Limitations

[3] Rearrangements can occur.

©+Mc.ﬂp©N\+©/L’

35% B5%

+

/\H()—:-N

+

1ry 2ry
less stable more stable
@ P A, @y\/
+ —
10026
o .
1ry 3ry 43

less stable more stable



Friedel-Crafts Alkylation

Other functional groups that form carbocations can also be used as
starting materials.

sl oM ) A H H
\ A 1
An alkene | + H-OsOH — ( P |-
H Sacat ey
+ HSO,"
o s &
ve oo @, .
An alcohol CH3—C|:—QH + H—O0SO;H —> CH3—c|:>—'QH2 — 6 /Q\CH‘_ 3° carbocation
CH, CH, ® *
+ HSO,~ + H,0:

I (CH3)3C_OH + H2804 |

H l C(CHa)s
e — O

new C—C bond

44



Friedel-Crafts Acylation

- acyl group

H 0 &
Friedel-Crafts acylation— ‘ E ™R
General reaction + R el Tﬂlab + Hcl

acid chloride

ketone

Q 0 e .
J\ + ACl; ——» )J\ " ACl; — HC—C=0 =& H;C—C=0 + AICly

HiC CI\J HsC UI;

HsC 0

kY
C=0
* H + HCI + AICI 5
+ H;C—C=0 —> - ‘\ - —_—

45



Intramolecular Friedel-Crafts reactions

(@]
- CHa
new C—C bond
Reaction occurs
atthese 2 C’s.
AICI3 A\
several
h{ steps N\
CH,Ph CH2Ph H
LSD
mttamolecular lysergic acid diethyl amide

Friedel-Crafts acylation

46



Nitration of Substituted Benzenes
O/NOE O/CI @ UOH
l l l l
NO, Cl OH
T ol ol W KT

NO,

Relative

-8
rates 6 X 10 0.033 1 1000

Substituents modify the electron density in the benzene ring, and this affects

the course of electrophilic aromatic substitution.
47



Substituted Benzenes
Inductive effects (through o bonds):

e Atoms more electronegative than carbon—including N, O, and X—pull electron
density away from carbon and thus exhibit an electron-withdrawing inductive effect.

e Polarizable alkyl groups donate electron density, and thus exhibit an electron-
donating inductive effect.

Electron-withdrawing inductive effect | Electron-donating inductive effect |
+—> «—t
NH2 - I CH3 + I
* N is more electronegative than C. * Alkyl groups are polarizable, making
« N inductively withdraws electron density. them electron-donating groups.
NHs*  -NH2,  -OH F -CHO CN SO,H  -NO,
-CF, -NHR -OR -Cl -COR SO,R
NR, Br -COOH
-1 -COOR
'CH3
-Alkyl

48
SiR,




Substituted Benzenes

Resonance effects (through ©m bonds) are only observed with substituents
containing lone pairs or © bonds.

 Substituents containing lone pairs are electron donating (+ R)

LN +
NH; NH,* 5

MNHs* NH,* NH.
r : _
™ 3

« Substituents -Y=Z (CsHs-Y=Z), where Z is more electronegative than Y are
electron accepting (- R)

32 _H 0. _H 0. _H o H g— ’
Hediehed 6

49



Substituted Benzenes: Activation

-NRs+ -NH., -OH -CHO CN SOsH -NO:2

CFs -NHR -OR -COR SO:R
-NR:2 -COOH
-COOR
-CHs
o B -AlKyl
-SiRs

» Substituents that increase the electron density on the ring activate the ring
towards electrophiles. Substituents that decrease the electron density on
the ring deactivate the ring towards electrophiles.

» To predict whether a substituted benzene is more or less electron rich than
benzene itself, we must consider the net balance of both the inductive and
resonance effects.

50



Substituted Benzenes: Orientation

X X X X
H H H
E* = F E
—_— e T -
X X X X
E-I-
— - e
E E E
H H H
X X X X
E+
H E H E H E

If the reaction takes place in the ortho or para positions a positive
charge develops on the carbon atom adjacent to the substituent. 51



Substituted Benzenes: Orientation

+ R ‘R
-0, -p intermediates are resonance stabilised -0, -p mtermedlates are resonance destablllsed

Lol GG
hed =0eg

+ 1 - |
-0, -p intermediates are inductively stabilised -0, -p intermediates are inductively destabilised

X X
H H
= -
- — -
X X
H E H E



Substituted Benzenes: Orientation

The new group is located either ortho, meta, or para to the existing
substituent. The resonance effect of the first substituent determines the
position of the second incoming substituent

 on R
& &
orto
\ 5 para__J
( )




Substituted Benzenes: Orientation

+R > -1 (-OR, -NR2 ): activating, o- p- directing
HNDs

o Bl

2

30% traces 70%

-I > +R (-F, -Cl, -Br, -l ): deactivating, o- p- directing
HNO3

s te e s N

2

35% traces 65%

-1, -R (-NO,, '8(3,?4'3’ -CN, -COR): deactivating, m- directing.
3

NO, H.SO, NO2 02N NO, NO;
O = g
NDE DEN

5% 90% 5% o4



Substituted Benzenes: Orientation

+ |: activating, -o -p directing (same as + R)

C H3 HNOS C Ha C H3
H,S0, +
OzN
2

58% 5% 37%

- |: deactivating, -m directing (same as - R)
Fs  HNO, CFs
SEN-No AT
O,N
6% 91% 3%

55



Substituted Benzenes: Activation

More reactive
than benzene

o=gh

Less reactive
than benzene

56



Substituent Effects. Summary

Note the unique position

of the halogens.

4> -RH, [NHR, Ry

tion

Increasing activa

-OH
-OR
~NHCOR
-R

activating
groups

-X: [X=F,ClBrI]

—803H

Increasing deactivation
3
-

Z
%

«
>4
o

————— ———————

deactivating
groups

ortho, para
directors

meta
directors

S7



Substituent Effects. Alternative Explanation

NH, NiH, NH, (fir, NH, NH,
r H X H H H H E
ortho B Eowis E s B i ER
attack
more stable preferred

All atoms have an octet. product

NH, NH, NH, NH, NH,
| meta Er
attack H H : H .
: H E E E E

+

NH, NH, CNHz NH, RiH, iH,
para |
attack ; = e .. — >
E(* H H E H E . H E H“E L
more stable . ed‘
All atoms have an octet. preterr
product

58



Substituent Effects. Alternative Explanation

ortho
attack

meta
attack

para
attack

0. O

NO, NO, NO, N7 NO,
HoX H H H E
_E, Euw—» E w» E|l

destabilized
two adjacent (+) charges

NO, NO, NO, NO, NO,
ﬁ_\? @H "' @H @
H E E E E

preferred
product
NO, NO, 0, O NO, NO,
+N
O—8)—| gy~ —C
( H  E H 'E
g+ H H” “E E
destabilized
two adjacent (+) charges

59



\

X

Disubstituted Benzenes

CH, CHg
%Brg \ / Bra
FeBrj / \ FeBrj

NO, NHCOCH;

sterically
CHg / hindered

/ HNO4
HgSOq

Cl

Il

60



Further Examples

NH2 OH

Bl'z Bl'2
“FeBr, “FeBry

amhne phenol

T7 Every ortho and para H is replaced. F

NO, ; k
—R—QL | No reaction |
\ AlICl,

] strong deactivator |

61



Synthesis of Polysubstituted Benzenes

ortho, para director —>Br

meta director —>NO,

p-bromonitrobenzene

62



Synthesis of Polysubstituted Benzenes

i Pathway [1]: Bromination before nitration |

ortho, para director

B Br
NO
_Brp _HNO; : -
FeBr3 HZSO,,
The ortho isomer can be
separated from the mixture.

para product

ThlS pathway gives the desnred product

Pathway [2]: Nitration before bromination l

HNO3 This pathway does NOT form
H2804 FeBr3 the desired product.

meta director meta isomer

63



SgAr in Polyciclic Aromatic Compounds

. NO 4

NO,
D) —

aromatic

aromatic

E H

E H

jsa

E H

®
S R

<€]
t

\

aromatic

etc.

E
L
e
®

E
H
®

64



Side Chain Reactivity: Radical Halogenation

Benzylic C—H bonds are weaker than most other sp3 hybridized
C—H bonds, because homolysis forms a resonance-stabilized
benzylic radical.

benzylic C—H bond

Wy *r '? ; " n*
C C C C C . C
Ny “CHy "“CHy = o “CH, 7 CH, << 7" CH, Z" “CHj
I _— R | > « > -—> /1_/' «—>
/ \ C3 Ne /
+ H-

five resonance structures for the benzylic radical

N/ B P
I
C C
\CHS hv or A . \CH3 + HBr
or
NBS
ethylbenzene hv or ROOR a benzylic bromide

radical conditions

65



Side Chain Reactivity

Y

Brs
+ lonic conditions
FeBrj
Br Br

ortho isomer para isomer

Br

Brs
Radical conditions

Y

hv or A
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Side Chain Reactivity: Oxidation

CH;
Examples ' ©/

toluene

(@)
ICI
KMnO, =
Samm—
benzoic acid

©/CH(CH3)2

isopropylbenzene
@CHQCHa
CH,CHj4

phthalic acid

KMnO,

—> | No reaction

OH

COOH
KMnO, [:::I:
COOH

|

<«—— carboxy group
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Side Chain Reactivity: Reduction

éf ~OH
Hy, PAIC
H,0
f{s NH, Hp Pd/C
——
-NH;
% Pd/C
Ej/ o
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Side Chain Reactivity: Reduction

H,/Pd
(z HCI)

.

H., Pd/C
—_—
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Side Chain Reactivity: Reduction

H,/Pd
(z HCI)
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Reattivita di fenoli

OH OH OH
E+ E - - -
- + molto reattivi in SEAr
E
ossidazione  ©H 0
N820r207
H,O
79%
fenolo O
benzochinone
Q OH
SnC|2, Hzo
N82CI'207
O OH

benzochinone idrochinone



