CHAPTER 16

CONJUGATE
ADDITION



Conjugated Pi Bonds

e Conjugated double bonds are separated
by only one single bond.

R /
CH,=CH—CH=CH, C=C
7 b T
r4 N
1,3-Butadiene A conjugated diene

 |solated double bonds are separated by
two or more single bonds.

LT R 7
C=C_ =C_ CH,=CH—CH,—CH=CH,

(CHZ)H

An isolated diene 1,4-Pentadiene
n#0)



Carbonyl Compounds with
Conjugated Pi Bonds

A carbon-carbon double bond can also be
conjugated pi bond of a carbonyl group in an

aldehyde, ketone, carboxylic acid and its
derivatives. O O

|
O

|
CH3CH=CH—C—OCH,

All are Conjugated Pi Bonds



Examples

o X

Conjugated Conjugated

SOENGS

Conjugated Isolated



1,2-Addition

f{ Addition occurs here
H,—=CH—CH=CH,
\K or here

examples
I - 3 4 1,2 additi
CH,—CH—CH=CH, —— ltl‘m>(]:Hz—(|:H—CH=CH2
i H
H—Cl

3-Chloro-1-butene

Cl,
CH;CH=CH—CH=CHCH3 —» CH;CH—CH—CH=CHCH;

| |
Cl CI



1,4-Addition = Conjugate addition

CH,=CH—CH=CH,

C Addition occurs here
I
example
1 2 3 4 1.4 addition
CH,—CH—CH=CH, > CH,—CH=CH—CH,
. | |
H Cl
H—CI

1-Chloro-2-butene



1,2 and 1,4- Addition to Conjugated

Dienes
Mechanism
Step 1
@SH + CH,=CH—CH=CH, — CH,—CH—CH=CH, ¢«— CH,—CH=CH—CH, + :é]:—
+ +
ﬁ
An allylic cation
equivalent to

CH,—CHe=CH=CH,

9, CHCH—CH=CH, 12 Adio
o+ o+

Step 2 CH,CH=CH= Cl

gy —
b
o ® ®, CH,CH=CHCH,CI 14 Addition




Other electrophilic reagents add to
conjugated dienes in similar fashion

CH,=CHCH=CH, —— CH,CHBICH=CH, + CH,CH=CHCH,B:
20%) 80%)

B
CH,=CHCH=CH, T?c’ CH,BrCHBICH=CH, + CH,BrCH=CHCH,Br
(54%) (46%)



Kinetic Control versus
Thermodynamic Control of a
Chemical Reaction

In addition of HBr to 1,3-butadiene the
temperature of reaction greatly affects the
distribution of 1,2 and 1,4 products.

CH,=CHCH=CH, + HBr

-80°C

40°C

Br
(80%)

Br
(20%)

> CH,CHCH=CH, + CH,CH=CHCH,Br

40°C
20%)

> CH,CHCH=CH, + CH,CH=CHCH,Br

80%)



Free

Heating the 1,2-addition product leads to an
equilibrium which favors the 1,4-addition product

—Because equilibrium conditions favor the 1,4-addition product it

must be the most stable
40°C, HBr

CH3,(|3HCH=CH2 —  CH,CH=CHCH,Br

Br

H,C=CH — CH— CH, 1, 2 Addition

:1_3_r: H

H2C= CH— CH=CH2
7l
+ H—B_r:

CH,— CH = CH —CH,, 1, 4 Addition

:]?;_r 3 H

Rea_



= 1,2-addition product is formed faster and is the major
product at low temperatures due to DGF of 1,2-addition
product is lower than for 1,4-addition product
The reaction is said to be under Kinetic control

=> At higher temperatures when an equilibrium is
established, the most stable product predominates
1,4-addition product is more stable and is the major
product at high temperatures

The reaction is said to be under thermodynamic control

=>The 1,4 product is most stable because it leads to a
disubstituted double bond

= 1,2-addition product has a less stable
monosubstituted double bond



1,4-Addition Polymers

[
catalyst
X CHy=C—CH=CH, y >
isoprene 1,4-addition
CH; CHj

| |

polyisoprene
Natural rubber = polyisoprene with all cis double bonds

Hard polymer (gutta-percha) = trans polyisoprene



DIELS- ALDER REACTION



The Diels-Alder Reaction

concerted
three pairs of electrons

move at one time

C
o
Cj A\ C heat
R
C S N C

diene + dienophile

ring-forming reaction

NOTE:

gain of bond order
loss of bond order

- cyclohexene




EXAMPLES OF DIELS-ALDER REACTION

@) @)
H,C H,C
CH, CH,
s ‘ A >
H,C H,C
O 0
o I - I
C C
HC?  ~ HCT NU  oec HCT CHT TN
| T ” /0 benzene " | /0
HC HC__ . HC. _CH.
€1y 13 \\ CH, \\
O O
1,3-Butadiene Maleic Adduct
(diene) anhydride (100%)

(dienophile)



THE DIENE MUST BE ABLE TO ADOPT
THE & C/S CONFORMATION

rotate E I/i

/ reacts
s-trans S-CIS
conformation conformation

Y

does not O
react

+
reacts
normally




Some s-ciIs Dienes can be used In
Diels —Alder Reaction

(D OCD
o (2 O

All are s-cis



MORE DIELS-ALDER REACTIONS




O
HC H.C
I H\H 30°C 3
-+ —_—
H,C H,C

2,3-Dimethyl-1,3- Propenal
butadiene



Pl &

CIS

g |
 WCOCH,

| “COCH,
H |



COOMe

é x MeOOC
- ) 0
é Z MeOOC

éOOMe

Y

If the dienophile is an alkyne a cyclohexadiene is formed.

/<> COOCH, y
[ - COOCH
H,C coocH, 2 H ?

H.C C:O(:)(:H3




1- Electrophilic 1,4-Addition to a,B-

Unsaturated Carbonyl Compounds
Weak Nu: catalyzed by H*

d \ *OH
e | H' Ilj
echanism CH,—CH—CR = CH,=CH—CR

OH ¢ ?H

| _
CH,—CH=CR <> CHz—\CB,—QR

Wu w\m)

reactant

T OH " OH
CH,—CH,—CR | L
Nu T
product Nu NU | cH,—=CH—CR




 Under acid condition =» Nu: attacks the B-
carbon

Examples (l? . ﬁ
CH,=—CHCH > (lin—CHzCH
Cl
O O
CHyCH=CHCCH; - I
3 o 3 HZO > CH3CHCH2CCH3
0 0 by
H+
CH,OH

OCH,



2- Nucleophilic Addition to a.,
unsaturated carbonyl compounds

?I)) : 0%
CH,=—=CH—CR <—>C|-|2:CH—CI:R
St
vCEbonleis+
¢ Nu: attacks here
Yof
poaonis +iNe G oHoR

attacks here



Example
OH

|
HCN - cl,—cHCcH,

| i
CHZZCH—CCH3+ CN —> |
\_)/ CN o

|
O CH,—CH,CCH;

JOK

Attack of CN-on the carbonyl carbon

CN
Mechanism
:oj Yol
| _ | HCN
CH2=CH—c:£|43/+ CN — CH2=CHC|3CH3 -—
CN Cl)H
CH,—CHCCH,

|
CN



Attack of CN-on the B carbon -

Mechanism
JOK O>

|
@ZZ\xCH_CCHS —_— C|3H2—Cl-|/ CCH3

CN
-
: C|5H " : Clj :

|
(|3N enol CN

b G
CH,—CH,—CCH
CN



Which of the two addition
reactions occurs?

A mixture of products results but the major
product depends on the nature of
nucleophiles

1. Stronger bases attack 1,2 (at C=0).
eg. LIAIH,, NaBH,, RMgX

2. Weaker bases attack 1,4 ( at C=C)
e.g. CN-, NH;, RNH,

3 Cuprates (R,Culi) attack 1,4 (at C=C).



Stronger bases attack 1,2 (at C=0)
O

HO.  CH,CH,
1) CH3CH2|\/IgBr
) H H,D
0 | OH
CH.CH=CHCCH, Y2 o i chiben
3 3 2) H+, H25 3 - Ill 3
O OH
| .) NaBH,

CHp=CCCH; CHy—CCHCH
éH ) A, H0 ) 3
3 CH;



Weaker bases attack 1,4 ( at C=C)

o 0
| NH3 CH,CH—CH,LCH,
NH,
O
CH C@CH CNY CHz—CHy?CHs
7778 THCN | |
CH, CN  CHa
0
O I

CHsNHz> (CH3)2C|I—CH2CCH3
NHCH,

|
(CH3)2C:CHCCH3



Lithium dialkylcuprates attack

1.4 at C=C
O
1) (CH3)2CUL|
'
cH, 2)H' HO CH3
CH;
0 O

. |
| CH-),CuLi _

>
o) H', H,0 CHj




o,[3- Unsaturated carboxylic acid

e A conjugated carboxylic acid behaves like
conjugated aldehydes and ketones

0 O
” CN"_ CH,—CH,C—OH
CHy=CHC—OH —— I 2 2
CN

HO,CCH=CHCO,H

NH,
HO,CCH—CH,CO,H
NH,CI > % | ee
NH,



Examples

0 I
|
OH H+, HZO OH
>
OH
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