%14% =4 *% i &£ ¥ (Aromatic compounds)
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T AP LB LA A8 Foss%k (aliphatic) fo¥
% *% (aromatic)

B fj ¥ gharomatic i & % :F (benzene, CH;) & ¢ Michael
Faraday .1825# #7 & = -

heat
CgHsCO,H + CaO » CgHg + CaCOg

H /&3 ;8% d Eilhardt Mitscherlich #1834 # #v5x 2_
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The Kekulé formula for benzene
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Pyridine Pyrrole Furan Thiophene



2) KA P B 4 L
a) "FREBHEIFH

F Cl Br NO,
Fluorobenzene Chlorobenzene Bromobenzene Nitrobenzene
Br Br
Br
Br Br
Br
1,2-Dibromobenzene 1,3-Dibromobenzene 1,4-Dibromobenzene
(o-dibromobenzene) (m-dibromobenzene) (p-dibromobenzene)

ortho meta para



Cl Br

& €l l_ _Br
6 2 6 2
5 5 3
3
4 Cl 4
Br
1,2,3-Trichlorobenzene 1,2,4-Tribromobenzene

(not 1,3,4-tribromobenzene)
FFZBUIBAA S PR BEEIE B
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. _H H_._H
CH, O ~ SO,H CO,H

Toluene Phenol Aniline Benzenesulfonic acid Benzoic acid
CH, CH,
©:CH] @
CH, CH,
CH,
1,2-Dimethylbenzene 1,3-Dimethylbenzene 1,4-Dimethylbenzene

(0-xylene) (m-xylene) (p-xylene)

CH,

/
\

Acetophenone

CH,

Anisole



CO,H CO,H CO,H

NO,
NO,

NO,
2-Nitrobenzoic acid 3-Nitrobenzoic acid 4-Nitrobenzoic acid
(o-nitrobenzoic acid) (m-nitrobenzoic acid) (p-nitrobenzoic acid)

CH, CH,
CO,H SO,H
F
O,N NO,
B
3,5-Dinitrobenzoic acid 2.4-Difluorobenzenesulfonic acid

ki Ll el S gk L |

P SN

CeHs
2-Phenylheptane

O ERE &

(Z)-2-Phenyl-2-butene



CH,— CH,C COH /@COZH
. O5N
The benzyl group Benzyl chloride @\ . o
(the phenylmethyl (phenylmethyl chloride NO, p-Nitrobenzoic acid
group) or BzCl) 3-Nitrobenzoic acid

CI : OEt

3-Chloro-1-ethoxybenzene

L
SO3H

p-Chlorobenzenesulfonic acid

Br
Br
H3C
\©\/S 0
Va0
O

o-Dibromobenzene OCHg3

R Y (page 655, 14.16) 5

p-Bromotoluene

Methyl p-toluenesulfonate

NO,
@\ CH,Br

m-Dinitrobenzene Benzyl bromide

NO,
/@\ -
HO NO, /©/
HoN

-Dinitrophenol
3,5-Dinitropheno p-Nitroaniline



©iCH3
CHs;

o-Xylene

o
H3C

p-Cresol
O

CHs;

Br

p-Bromoacetophenone

OH

3-Phenylcyclohexanol

OH

2-Methyl-3-phenyl-1-butanol

cl
OCHs

o-Chloroanisole
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Br,, CCl, © Bry, CCly .
: h » NO reaction
: KMnOy, NaHSOS )—\
OH OH

H,O%
0" § > CHs © 3 » NO reaction

OH

KMnQOy4, NaHSO3

> N0 reaction




¥ tlewis acidehidi (€% THBr 4 R F foi ¥ 24 2 F A
s A - @B A (inplying ¥ Hk b ehE 355 4p ¥)

FeBr
C . == BE, — CHBr + HBr Observed

C.H. + Br, 2¢>» € H . Br, + CH.Br,+ C.H.Br. Not observed
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The Kekulé formula for benzene

Kekule.%";—##? MR AR Y- BEABIEE s AR e RER 1) 2 &
A% 35 - #4l > 2-dibromobenzenes %@ # £ fA, 2) FH :M;:‘T\ (1.39 A;

< 147A) 2 4% (1200)#848 ¥ 3) % # AcyclooctatraeneR] # & 7 ¥ 2
Br Br
H H
and i #
CE X .
Br Br 120°
Hl 09A N @OTH
7 1.39A R



b)#ae £ éhé R KRB F € T : resonance energy

+ 3 H,

Resonance

=] T [ ] ™
I
|
|
: (stabilization)
|
I
|
|
|

iy energy = 152 kJ
mol™1
-1 Benzene + 3 H,
g AHP = -360
o + Hy kJ mol-!
|
AH® = -232 } AH® = -208
kJ mol~! I kJ mol~!

AH® = 120 I
kJ mol! J
|
| )

Cyclohexane
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(not —)

II

[B]IE 52 i FRYF

(ITD)

1

(c)

Delocalized

(a)



A)* 5 % AT JuE % R T g e

# MOs

(11111 7

Six isolated p orbitals \\\\\ o
(with six electrons) h || " ) ||
NN
LN . V3
: . N Bonding
Atomic orbitals \\ || MOs
——————— ['51

There are six m molecular orbitals for benzene



Huckel’ s rule:

A\

— — Antibonding & orbitals
= ‘ __________L ———————— L___ (Nonbonding = orbital)
\ / J_ [ —1_ Bonding r orbitals
Polygon in Energy levels Type of

circle of MOs T orbital

Polygon-and-circle method: #-polygons— & ¥ *[F] B/ 3%

Cyclooctatetraene has two nonbonding orbitals each with one
electron



Huckel’ s rule:¥ 73 — B =T & S £
delocalizedtrm®E + #&z4n + 2 (n=0-1, 2, 3- ), e- L &S
Pl % 5 aromatice

L0

[14]Annulene [16]JAnnulene [18]Annulene
(aromatic) (not aromatic) (aromatic)

The [14]and [18]annulenes are aromatic (4n+2, where n= 3,4)
The [16] annulene is not aromatic

The [10]annulenes below should be aromatic but none of them can be

planar ' '
“lllll’ “|IIIII' PATET

[IO]Annulenes
None is aromatic because none is planar.
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Exercise in page 635 | |

Cyclobutadiene
or [4]annulene
(not aromatic)

R



4) £ % ¥ 4 g3 (Aromatic ions)

21

H H H
PKa = 16 PKa = 36

Q strong
—Z
base

H H 0

Cyclopentadiene Cyclopentadienyl anion

Cyclopentadiene Cyclopentadienyl anion



i ¢ wH
-H:~ e f’ = o — Vacant o
H > H  porbital
X >
Cycloheptatriene Cycloheptatrienyl cation

#FE R (page 638)
14. 4

ﬁ ------------ 3 Laromatic, # % £4n + 2 rule.
b4

NS % ¥ aromatic, #* # 4&£4n + 2 rule.
® 4 Ay Lo £a e



14.7

@ Br,, CCly Q heat
Br

1onic compound



5) Aromatic, Antiaromatic, and nonaromaticz. F_&
F AP~ Bt L£F Laromatic, TR E i £ FH mT F 5 delocalized.

=
m-electron —
_____ —_—————>
energy increases —
- 24
1,3-Butadiene Cyclobutadiene
4 7 electrons 4 7 electrons (antiaromatic)
72
-
energy increases + Hz
N\ A
8 T electrons Hypothetical planar
cyclooctatetraene

8 7 electrons (antiaromatic)

+ H



‘ __etleciiom
Lz energy decreases 55 Hg
1,3,5-Hexatriene Benzene
6 7 electrons 6 7 electrons (aromatic)
HCf . m-electron N + H
A T g
X energy decreases -
6 7 electrons Cyclopentadienyl anion
6 7 electrons (aromatic)
®
. . energy decrease
H,C=CH—CH, - /\  +H,
aromatic

T TS A R



Naphthalene

CIUHB

Pyrene
C,H,,

6) # v %3] haromatici &

Anthracene
C léH 10

Benzolalpyrene

0201:[12

Phenanthrene
C HH‘I ]

Dibenzola,llpyrene
C.,H,,

Polycyclic benzenoid aromatic compounds



fullerene
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H
Pyridine Pyrrole

Furan Thiophene

heteroaromatic compounds

Pyridine has an sp2 hybridized nitrogen

The p orbital on nitrogen is part
of the aromatic = system of the
ring

The nitrogen lone pair is in an
sp2 orbital orthogonal to the p
orbitals of the ring;



The nitrogen in pyrrole is sp2
hybridized and the lone pair resides in
the p orbital

In furan and thiophene an electron pair on the heteroatom is
also in a p orbital which is part of the aromatic system
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Tryptophan

6 7

| "N/ 5 N

L

2 .
\N . Tg

E H

Purine

Pyrimidine



Adenine

Nicotinamide N
0 NH,
|(|;
H,N" N </ ‘ XN:
+ = 2
N S = N N
| |
CH,0-P-O—-P—-0—CH, _O
OH HO | |
0] O
O
B i 7 B £ P,
Ribose Pyrophosphate OH HO )
(a sugar) na
Ribose
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O_—P|’=OOH
-
O
€ OH
O

Pyruvic acid

Glyceraldehyde-3-phosphate
Dehydrogenase (GAPDH)

NAD* | AN
+/
| 1
transport
chain
NAD*
X
-
R R

NH,

0O 0
I
O-
1,3-Bisphosphoglycerate
(1,3-BPG)

lactate dehydrogenase
(regenerates NAD™ in muscle
under anaerobic conditions)

Lactic acid
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