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Some Facts About Benzen

1-Reacts mainly by substitution:

FeB
C.H + Br, Cafal;; CH.Br + HBr

benzene bromobenzene

FeCl
C.H. +Cl, Cafal;sf CH.Cl + HCI

benzene chlorobenzene

. | 2-Resonance hybrid structures of Benzene:
| o L
H |H

H |H
H H

the Kekulé structures for benzene Benzene is a resonance hybrid of
these two contributing structures.




Symmetrical Hexagon

36 K cal/mol
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delocalized pi cloud
(R.E)benzene

Kekulé
5-Benzene has stabill




Nemenclature of Aromatic Compound

1-Monosubstituted benzenes
A-Monosubstituted benzenes with common names:

CH,CHCH, CH=CH,

D0 0 C

benzene toluene cumene styrene phenol

OCH, CH,C=0 CO,H

O 0 0OC

anisole benzaldehyde acetophenone benzoic acid aniling




CH,CH,CH,

propylbenzene

CH,CH,4

nitrobenzene

ethylbenzene

chlorobenzene

Br

e
qv]
i
)
W
c O
85
C c
(D)
bn
@)
Aok
(€D)
= =
)
+— O =
..—UCC
(0p]
i)
=Sy
n ©
@ e
C
@ 5 @)
Mn
R )
M o

bromobenzene




2- Disubstitued Benzene:
use prefixes ortho- (0-), meta- (m-), and para- (p-),
or numbers

ortho-dichloro-
benzene

meta-dichloro-
benzene

4
Cl CH,

para-dichloro- para-xylene**
benzene

Cl

para-chlorobenzene-
sulfonic acid ¢




Cl CH,
Br
NO, Cl OH

o-bromochlorobenzene m-nitrotoluene p-chlorostyrene m-chlorophenol o-ethylaniline
§ (note alphabetical order)

3- Polysubstituted Benzene:

Thelir positions are designated by numbering the ring. |

NO, _

1.2 4-t11- 3,5-dichlorotoluene 2,4,6-trinitrotoluene
methylbenzene (TNT)




Aromatic hydrocarbons, as a class called Arenes (Ar)
the aryl groups are therefore aromatic substituents.

C6H5 s or Q C6H5CH2 - or CHZ —

phenyl group benzyl group

he symbol Ph is sometimes used as an abbreviation for phenyl grou Q_f:

CH,CHCH,CH,CH,4
Ph Ph

D O

Ph
2-phenylpentane phenylcyclopropane 1,3,5-triphenylbenzene
(or 2-pentylbenzene) (or cyclopropylbenzene)

O,N

biphenyl benzyl chloride m-nitrobenzyl alcohol




Electrophilic Aromatic Substitution
1-Halogenation: Chlorination and Bromination

e
.

FeCl,

+ Brz FeBr;

2-Nitration:

(_

3-Sulfonation:

@

(HONO,)

+ H,S0,
(HOSO,H)

Br

Cl




AlC,

+ RCl
group such
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Vitamin E- (TCP and TCT)

Ring-Activating and ring-Deactivating Substituents

O 0 00O C

nitration rate 1000 0.033 0.0000001
(relative) decreasmg rate

Benzene Activating Substituents Deactivating Substituents




Ortho, Para-Directing and Meta-Directing Groups

CH, CH, CH, NO,
NO,

+ (+ 4% meta isomer)

toluene ortho isomer NO
2

bp 222°C 3 nitrobenzene
59% para isomer

bp 238°C, mp 51°C

Benzene
I
—NO, —SO;H —COH —CH —Br: —F;

oo
_C(‘HS _COCH§

Meta-directing Ortho- and
deactivators para-directing
deactivators

—.I.: —C.‘,.l: —H

© 2004 Thomson/Brooks Cole

NO,

(+ 7% ortho isomer)

NO,
meta isomer
mp 89°C
93%

g’ CI’IB
(alkyl)

) _od
—NHCCH;

Ortho- and
para-directing
activators
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f m-Bromonitrobenzene

ISHO

Synthes

NO,




OLD FASHIONED

Moth Balls

4a
5 4

naphthalene bond lengths in
mp 80°C naphthalene

10

10 8 9 5

anthracene phenanthrene pyrene
mp 217°C mp 98°C mp 156°C

Fused polycyclic aromatic hydrocarbons are Carcinogenic compounds 7




Q,,, Devise a synthesis for each of the following, starting with
benzene:
a. m-bromobenzenesulfonic acid b. p-bromobenzenesulfonic acid

SO;H SO;H

HZSO4I A\ Brz
< S
FeBr3

Br
m-bromobenzenesulfonic
acid

© 2011 Pearson Education, Inc.

Br
SO;H

o-bromobenzenesulfonic
acid
(5

SO;H
p-bromobenzenesulfonic
acid

© 2011 Pearson Education, Inc.




practice

4.20 Write structural formulas for the following compounds:

a. p-chlorostyrene b. 2.3.5-trifluoroaniline c. o-chlorophenol
d. allylbenzene e. p-isopropylphenol f. p-dimethylbenzene

Predict whether the following substituents on the benzene ring are likely to be ertho,para directing or meta
directing and whether they are likely to be ring activating or ring deactivating:

b. —C—OCH,

d. —N=0

f. —Br

—OCHICH,,

For the compounds named below,

(1) draw the structure of each compound.
{2) using benzene or toluene as the only aromatic starting material, devise a synthesis of each compound.

a. p-bromotoluene b. p-nitroethylbenzene
c. p-bromonitrobenzene d. p-isopropylbenzenesulfonic a-::i.cq
e. ferf-butvlcyclohexane




THE END OF CHAPTER 4
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BEST WISHES & GOOD LUCK




