CHM-134 ORGANIC CHEMISTRY
CHAPTER-4: AROMATIC COMPOUNDS

Benzene and Aromaticity

|825: Faraday discovers benzene by pyrolysis of
whale oil:

Colorless liquid bp ~80°C.
Very unreactive

Cyclic structure: Kekulé /1865

Resonance:
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10.] NOMENCLATURE RULES

Substituted benzenes:
alkylbenzene, halobenzene, nitrobenzene, etc.
(Functional groups have priority).

NO,

H,C,_ CH;
E NONes

Fluorobenzene  Nitrobenzene (1,1-Dimethylethyl)benzene
(tert-Butylbenzene)

Br CH 2 CH 3
Cl
Disubstituted: Cl NO,
CH3C|1H
ortho meta
CH, para
1,2-Dichlorobenzene  1-Bromo-3-nitrobenzene 1-Ethyl-4-(1-methylethyl)benzene
(o-Dichlorobenzene) (m-Bromonitrobenzene) (p-Ethylisopropylbenzene)
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10.2 STRUCTURAL PROPERTIES

1.09 A .
1.39 A
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10.3 AROMATIC TRANSITION STATES

All are six electron transition states \ /

A O i, O -
@ C o i b
N O 0 O

_|_

Diels-Alder Osmium tetroxide Ozonolysis
reaction addition
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10.4 POLYCYCLIC BENZENOID HYDROCARBONS
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10 5 4 5 6 7 | 10
Naphthalene Anthracene Tetracene Phenanthrene
(Naphthacene)

Aromatic

1.42 AX Resonance Forms of Naphthalene
1.37 A
" LRE —
I”l“
ad 1 Clar's rule: Full electron sextets are “good”

T For more details please study: Organic Chemistry: Structure and Function Eighth Edition
Asst. Prof. Gulbin KURTAY K. Peter C. Vollhardt (Author), Neil E. Schore (Author) ISBN-10: 1319079458



https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=K.+Peter+C.+Vollhardt&text=K.+Peter+C.+Vollhardt&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Neil+E.+Schore&text=Neil+E.+Schore&sort=relevancerank&search-alias=books

10.5 ANNULENES

0 O

Cyclobutadiene: Benzene: Cyclooctatetraene: [10]Annulene:
planar, planar, nonplanar = nonplanar =
antiaromatic aromatic nonaromatic nonaromatic

el

[12]Annulene: [14]Annulene: [16]Annulene: [18]Annulene:

antiaromatic aromatic antiaromatic aromatic
1,3-Cyclopentadiene: 1,4-Cyclohexaadiene:
noncyclically delocalized not delocalized
= nonaromatic = nonaromatic
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10.6 ELECTROPHILIC AROMATIC SUBSTITUTION (EAS)

Electrophilic Aromatic Substitution —

H E
H H H H
A= e
H H Electrophile H H
__H H

|I. Halogenation: F, violent; Cl,, Br, need catalyst; |, endothermic

A
Activation of Bromine by the Lewis Acid FeBr; ‘L Nec Bromination

of Benzene

. ]:3:r —]:3:1' :d_ﬂ | TL‘B 1.3 — [: ]:3&‘7@:1' _?681.3 —> ];3)1‘ :é:r _FeBI-3i|

Electrophilic Attack on Benzene by Activated Bromine

+
. B.l DB.r_FeBr3 —_— @ Br + FGBI‘47 \ Br,, FeBr;
H
" H

Br

~

Bromobenzene Formation

X
@Br :]:B:r—IEeBr3 —> ©\ + HBr + FeBrj -
o ’\j >
H Bromobenzene
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10.6 ELECTROPHILIC AROMATIC SUBSTITUTION (EAS)

2. Nitration with nitric acid

3. Sulfonation
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10.6 ELECTROPHILIC AROMATIC SUBSTITUTION (EAS)

4. Friedel-Crafts reactions: Alkylation and acylation

A.Alkylation
Friedel-Crafts Alkylation

AlX,
+ RX —— + HX

B.Acylation - selective

Friedel-Crafts Acylation

0O
I

0
[ C.
RCX, AlX; R
—HX
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10.7 DONORS AND ACCEPTORS

Dornors activace
Donor
ortho ortho
Activators: Send
electrophile to the ortho
and para positions
para

Activated ring

Acceptors deactjyare
Acceptor
Deactivators: Send
electrophile to the meta
meta meta

positions

Deactivated ring
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10.8 DISUBSTITUTED BENZENES

R’ R
Rll |
RII

Substituent Effects are Additive

Rl

OH CH; OCH;

Ortho Ortho Para Ortho Ortho

| i r(‘()()H _
; NH, : Br

Ortho Para

CH; NO,
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10.9 STRATEGIES IN EAS

We can change the sense of the directing power of substituents

Reduction

l . B NOZ Oxidation - N HZ
(meta (ortho/para
director) director)

Reduction: Zn(Hg), HCl; or H,, Pd; or H,, Ni; or Fe, HCI
0
Oxidation: CF; COOH

NO, NO, NH,

Br,, FeBr; Fe, HCI

N
—>

A

Br Br

3-Bromobenzenamine
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10.9 STRATEGIES IN EAS ,
Reducing agents:

? H,, Pd, CH;CH,OH (hydrogenates carbonyl to
2. -CR Reduction ‘CHzR alcohol, then cleaves the benzylic OH)

Oxidation

or Clemmensen Reduction Zn(Hg), HCI, A

(meta (ortho/para
director) director) Oxidizing agents:
CrO,, H,50,, H,0
0 0
M CH,CH;
@ CH.CC, AICI, CH; ai, Fecl, CH;  H, Pd, CH,CH,OH
_— —_— >
Cl Cl

1-Chloro-3-ethylbenzene

Synthesis of Butylbenzene Without Rearrangement |
O
0

/\)\Cl. AICI HCL. Zn(Hg). A

~
rd ra

51% S59%
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10.9 STRATEGIES IN EAS

3. Friedel-Crafts reactions do not work with strongly deactivated benzenes (i.e., no
activating substituents present):

COCHj;

1. HNO;, H,SO,
2. CH,COCl, AICl,

> p ®_

NO,

1. CH;COCI, AICl;
2. HNO;, H,SO,

4. Use reversible sulfonation for blocking certain positions

R R R R
SO.. E E
H,SO, E’ H,O. A
— _ —_—
BIOCk —H2504
Deblock
SOszH SOz;H
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