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Huckel's rule :The molecule has 4n + 2m electrons

n =0 or any positive integer.




Huckel's =18

4dn + 27 electrons
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Flat , Cyclic, Completely Flat , Cyclic, Completely Not Flat ,Not Cyclic
conjugated conjugated Not Completely conjugated
2,6,10,14,...... 4.8, 12,16,. oo
. T electrons T electrons

Aromatic Anti-aromatic Non-Aromatic
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Aromaticity
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[1] A molecule must be cyclic. Al S e 5% O
Cyclic compound | Acyclic compound |
8 )
.
\ 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
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[2] A molecule must be planar. )y s gica 2 a8 S pall @) 3 asan
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cyclooctatetraene a tub-shaped, Adjéé(rer][t p orbitals ct:%nrrot :::yerlap.
not aromatic eight-membered ring ectrons cannot delocalize.
H 4 B
Br, 5
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H Br

H

° cyclooctatetraene addition product
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[3] A molecule must be completely conjugated.
dBlaia g AlAGaP <Bliy gl o (s sing

A completely conjugated ring | These rings are not completely conjugated. |

l

© O‘_ no porbitals “= no p orbital

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

{
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[4] A molecule must satisfy Hlckel’s rule, and contain
a particular number of nt electrons.

Huckel's rule:  4n + 2x electrons

Benzene Cyclobutadiene
An aromatic compound An antiaromatic compound
dn+2=4(1)+2= 4n=4(1) =
6 & electrons 4 t electrons
aromatic antiaromatic

(-, y




Huckel's 3218

4dn + 27 electrons
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1able 17.2 The Number of it Electrons
That Satisfy Huickel’s Rule

n 4n + 2
0

1

2 10
3 14
4, etc. 18




Aromatic lons
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Cyclopentadienyl anion
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Cycloheptatrienyl cation

Six 7 electrons; aromatic ions
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Aromaticity of the Cyclopentadienyl Anion

H H

Cyclopentadiene

—H:~ l—H —H™*
H H H
F + | . | -
Cyclopentadienyl Cyclopentadienyl Cyclopentadienyl

cation: four 7 electrons radical: five 7 electrons anion: six 7r electrons
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with six 7t electrons
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@ Aromatic cyclopentadienyl anion




H H S
+ Br
H H
& + HBr
H H

Cyclohepta- Cyclohepta-

triene trienylium
bromide
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Cycloheptatriene

Cycloheptatrienyl cation
six 7 electrons
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Aromatic, Anti-aromatic, Not aromatin
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Anti-aromatic Aromatic

Anti-aromatic Aromatic
12T 4 i 6Tt

Anti-aromatic Notaromatic Anti-aromatic Aromatic
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\_  Not aromatic Not aromatic Aromatic Anti-aromatic
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Aromatic Heterocycles:
Pyridine and Pyrrole

Pyridine & Pyrimidine:

B

Lone pair in
Pyridine (Six 7 electrons)  SP? orbital

4 3 Loge pa.ir in
5.2 N° sp* orbital
| H H
CRNS )
N
1 5 i

Lone pairin

\ Lone pair
/ (sp?)

2 .
Pyrimidine (Six 7 electrons) sp* orbital <——Lone pair

(sp?)
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Aromatic Heterocycles:

Pyridine and Pyrrole
Pyrrole & Imidazole:

Lone pair
in p orbital

Pyrrole (Six 7 electrons)
Lone pair
.3 in p orbital
4/ T Lone pairin
s . )2 N sp? orbital
fTH H
H

Imidazole (Six 7 electrons)

/

Delocalized
lone pair
(p)

Lone pair
(sp?)

Delocalized
lone pair
(p)




Pyrrole, Furan, and Thiophene

. O s

Blue electron pair participate in the aromaticity
Red electron pair does not participate in aromaticity

Six Tt electrons Six Tt electrons Six Tt electrons

b WS Ay shal) e e SIS Hall o2a i yio
Thiophene > pyrrole > Furan
Al Y Slld
O>N>S
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Bicyclic Aromatic Compounds

Naphthalene Orbitals

0~ O~ U

Naphthalene
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Naphthalene

N, Y
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Polycyclic Aromatic Compounds
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Naphthalene Anthracene Benzol[a]pyrene Coronene

Aromatic Heterocycles

- 4 5 4 4 6

3
.
6 3 6 %3 5 N\ N2 RN
2 8</ | )
W N ~
7 NZ 2 7 ~ZNa 6 N 1 oN—a ‘
38 1 8 1 7 \ 5 3
H H
Quinoline Isoquinoline Indole Purine
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® ortho- (0) on adjacent carbons (1,2)
® meta- (m) separated by one carbon (1,3)

® para- (p) separated by two carbons (1,4)

® Describes reaction patterns (“occurs at the para position”)
X

CHs CHs
Ortho — «— Ortho Br
;
Meta —> «— Meta FeBra
Br

|

Para
Toluene p-Bromotoluene
© 2007 Thomson Higher Education O
Cl HaC : CH : g
3 1 1

; 3 3 3 \H
2 4

Gl Cl

ortho-Dichlorobenzene meta-Dimethylbenzene para-Chlorobenzaldehyde

1,3 disubstituted

© 2007 Thomson Higher Education

@ 1,2 disubstituted (meta-xylene) 1,4 disubstituted
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toluene aniline phenol

benzoic acid benzenesulfonic acid
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4-Bromo-1,2-dimethylbenzene
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2,5-Dimethylphenol

CHg
O,N L NO,
6 2
5 3
4
NO,

2,4,6-Trinitrotoluene (TNT)
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NO, CHg
©:Br
Br Cl
Br
o-dibromobenzene m-chloronitrobenzene p-bromotoluene
1,2-dibromobenzene 3-chloro-1-nitrobenzene 4-bromotoluene

If more than two groups on the ring, use numbers!
Br NH>
Br Br Br

Br
Br

@ 1,2,4-tribromobenzene 2.4.6-tribromoaniline /




Reactions of benzene




Reactions of benzene

NO,

1. Nitration b il (1

A
@ + HNO,, H,SO, =2 + H,0

Nitro benzene

2. Sulfonation Adaldl (2

SO.H

A
@ + H,SO,, SO, = + H,O

Benzenesulphonic acid

(-
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3. Halogenation cl dalel) (3

A
@ + Cl,,Fe 2 + HCI

Chloro benzene

4. Freidel-Crafts alkylation (<818 Ju @ Jelds ) A<ty (4
CH,

A
@ + CH,ClLAIC], = + HCl

Methyl benzene

(-
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5. Hydrogenation da 1l (5

+ H,, Ni + 28.6 Kcal/mole

A
SRS LI
A
@ + 2H,,Ni =2 O + 55.4 Kcal/mole
A
g >
@

+ 3H,, Ni + 49.8 Kcal/mole

/
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\
NN+ 35, N N+ 337K \mol

1,3,5-Hexatriene

not observed

H
Br
/\/\ HBr - /\)\ + /\’)\
H Br

both products observed

Br H
X HBr N
> H Br

not observed

/
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6. Oxidation of Alkylbenzenes

©/CH2CH2CH3

Nazcr207,
H,S0,. H,0

Nazcr207,
H,S0O,4, H,O

CH(CH3)2
r .
H3C

(-
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O

OH + C02

Benzoic acid

HO
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6. Oxidation of Alkylbenzenes ) eBlsl) aus) (6

CH; COOH
1. KMnOg4, A_
e T

toluene benzoic acid
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7. S\1 Reactions of Benzylic Halides
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CHs H,0 CHy _ CHs
Qc cl > @Q* QC on
CH, CHs
CH3 HZO /CH3 » _CI:I:IS
HyC-C~Cl » | HC-C+ HsC~(~OH
CH, CH; CH;
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8. Reactions of benzyl bromide

CH,OH
HO™ _
ﬁ O oo

benzyl alcohol

CHBr CH,C=N
g =g ew

benzyl bromide phenylacetonitrile

+
\ A CH,NH; Br~ ) CH,NH,
3 O/ HO O/ + H,O + Br

benzylamine




