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Chapter 4 Dienes and Conjugation

 What are alkadienes?

e The Classification and nomenclature of Dienes
e The Structures of Dienes

e Conjugated Dienes and Conjugated System

o Chemical Properties of Conjugated Dienes



What are Alkadienes?

o Alkadienes are hydrocarbons that contain
two carbon-carbon double bonds.
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Alkadienes have the general formula C H,, ,
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Lycopene, red pigment found in tomatoes
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Beta-carotene



The Classification of Dienes

There are three kinds of dienes according to the position
of the two carbon-carbon doubles. For example:

Cumulated Diene: HerNerEomNoz ¢ "

Conjugated Diene:
U9 CH, CH CH CHCH,

Isolated Diene:

CH, CH CH CH,

How many trans-cis isomers are there in 2,4-Hexadiene?

CH,CH CH CH CHCH,4
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4.1 IUPAC Nomenclature of Dienes

e Find the longest chain containing both
double bonds

CH,CH,CH,CHg
CH7=CHCHCH=CH,
1 2 3 4 3)

3-butyl-1,4-pentadiene



4.1 IUPAC Nomenclature of Dienes

 Use corresponding alkane name but
replace the “ne” ending with “diene”

CH,CH,CH,CHg
CHz=CHCHCH=CH,

3-butyl-1,4-pentadiene

“pentane” changed to “pentadiene”



4.1 IUPAC Nomenclature of Dienes

 Number Iin the direction that gives the
lowest number to a double bond

CH,=CHCH,CH,CH=—CHCH,

1,5-heptadiene
not 2,6-heptadiene



4.1 IUPAC Nomenclature of Dienes

e List substituents in alphabetical order

CHy CH,CH;
CH4C =CHCH=CCH,CHs

5-ethyl-2-methyl-2,4-heptadiene



4.1 IUPAC Nomenclature of Dienes

 Place numbers indicating the double
bond positions either In front of the parent
compound or in the middle of the name
iImmediately before the diene suffix

CHy CH,CH
CH3C=CHCH=CCH,CH

5-ethyl-2-methyl-2,4-heptadiene
or 5-ethyl-2-methyl-hepta-2,4-diene



4.1 IUPAC Nomenclature of Dienes

CH,
l | T3 4
CHE=C=CH2 CHQ =C—CH= CHE
systematic: propadiene 2-methyl-1,3-butadiene
common: allene isoprene

5-bromo-1,3-cyclohexadiene



4.1 IUPAC Nomenclature of Dienes

C C CH,CHj5
ClCHz C=C
H H
(2Z,4Z)-1-chloro-2,4-heptadiene

CICH,  H
c c _CH,CH;
H  c=cC

s g
H H

(2E,4Z)-1-chloro-2,4-heptadiene

H H

C C H
CICH C= C/

2 / &
H CH,CH;4

(2Z,4E)-1-chloro-2,4-heptadiene

CIC\I\J\Z /H
C=C H
P 8 54
H C=C
¥ 4 e
H CH,CH;

(2E,4E)-1-chloro-2,4-heptadiene



4.2 Structure and Stability of conjugated dienes

e The Structure of Allene:

sp sp?

H ¢ l /
\ H ~ H
C—C==CH, c—=(—c7

H
0.108nm 0.131nm /
e The Structure of 1, 3-Butadiene:

0.133nm O O

0.154nm
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(5) C2-C3Z M F=HEE L — Ko K. #HK
(0.148nm) 455 (L bk b ss s +0.154nm)
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4.2.1 conjugatve effect
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E,=a—1.6188

1 —H—-El =a+0, 6188

g

En=2X(a+1.6188)+ 2X (a+0.6188)
=4a+4, 4728
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4.3 Chemical properties of conjugated dienes

+ +
1l , CH=CH-CH-CH; «— CH,-CH=CH-CH,

_ o
CH,=CH-CH=CH, er ler
19 11 CH,=CH-CH-CH, CH,-CH=CH-CH,
N | |
Br Br
ad 1, 2-MEY | 1, 4-EY

2 +
CH,=CH-CH,-CH,
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— (0] V) V)
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HoC=CHCH=CH,

Kinetic control

Thermodynamic
control

+
H;C=CHCHCH3;
Br~

+ HEBr El"
HsC=CHCHCHj5
(1,2 adduct) BrCH,CH=CHCH34

(1,4 adduct)
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Reaction progress =
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HCI
H,C=CH—CH=CH; —® H,C=CH—CH—CH, + HZC—CH=CH—?H2
|
Cl H H Cl
<20°C 75~80% 25~20%
>20°C 25% 75%
Cl,
H,C=CH=—CH=CH, —® H,C=CH—CH—CH, + H,C=CH=CH=—CH,
I |
Cl ClI Cl Cl
<0°C 67% 33%
> 200°C 30% 70%

HCI
CH3=CH=CH—CH=CH=CH; —3» CH3—C|3H—CH—CH=CH—CH3

H CI |

CH3—(|3H—CH=CH—(I3H—CH3
H Cl



4.3.2 Diels-Alder Reaction
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