Textbook Assignment: Chapter 19
Homework (for credit): POW 9 posted

Today’s Topics: Enolates-Enamines-Ring Anulations

Enolate Anions
and Enamines




Addition to a,b-unsaturated Carbonyls

When the carbonyl group is conjugated with an
alkene, the two groups can act in tandem to
expand synthetic utility.

a,b-unsaturated carbonyl compounds can exhibit
properties of both the carbonyl and alkene group:
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Michael Reaction

* Michael reaction: the nucleophilic addition
of an enolate anion to an a,b-unsaturated
carbonyl compound (1,4 addition)

— Example:
EtOOC it " Na' T
00C@ A BONa moooJ\/\f
COOE EtOH COOE
Diethyl 3-Buten-2-one
propanedioate  (Methyl vinyl
(Diethyl malonate) ketone)

For uses of MVK and its derivatives see: J.A. Colapret & P.T. Buonora,
Encyclopedia of Reagents For Organic Synthesis, 1995, Vol 5, 3637-3644.

Michael Acceptors & Nucleophiles

These Types ofa,b-Unsaturated These Types of Compounds
Compounds are Nucleophile Provide Effective Nucleophiles
Acceptors in Michael Reactions forMichael Reactions
% . |
CH,=CHCH Aldehyde CH; dCH,|CCH, b-Diketone
@) O O
1] 1] I
CH,=CHCCH,; Ketone CH, m_OIN COEt b-Ketoester
v " .
CH,=CHCOEt Ester CH;CH,|CN b-Ketonitrile
? 7—Q
CH,=CHCNH, Amide Et OQCH,|COEt b-Diester
CH,=CHC=N Nitrile \ /
CH,=CHNO,  Nitro compound N Enamine
CH,C=CH,
NHz, RNH,, R,NH Amine




Michael Reaction

Example:
0O Q o]
- +
(= N
} N tO Na > O

COOEt EtOH

Ethyl 3-oxobutanoate 2-Cyclohexenone COOEt
(Ethyl acetoacetate)

— the double bond of an a,b-unsaturated
carbonyl compound is activated for
nucleophilic attack:

Michael Reaction

* Mechanism
Step 1. proton transfer to the base

) y 2N
Nu-H + :B" ===~ Nu:” + H-B
Base

Step 2: addition of Nu:- to the b carbon of the
a,b-unsaturated carbonyl compound

L L -
Nu< 7 + Im_w|n_u cC— —» chn_u|m_u“0| > chh_u|0

Resonance-stabilized enolate anion
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Michael Reaction

Step 3: proton transfer to HB gives an enol

An enol
(a product of 1,4-addition)

Step 4: tautomerism of the less stable enol form

to the more stable keto form

. | PHE | B0
chn_”|ﬁ_w”0| — chm_u|ﬁ_u|0|
Less stable enol form More stable keto form

Michael Reaction

A final note about nucleophilic addition to

a,b-unsaturated carbonyl compounds:

resonance-stabilized enolate anions
and enamines are weak nucleophiles

react slowly with a,b-unsaturated
carbonyl compounds

give 1,4-addition products




Retrosynthesis of 2,6 -Heptadione

these three

carbons from this bond formed
acetoacetic ester in a Michael reaction

ARG NS S {

COOEt
: COOH
this cabon _» Ethyl Methyl vinyl
lost by acetoacetate ketone

decarboxylation

') MVK is the reagent to add a 2-oxobutyl side chain

Michael Reaction

— enamines also participate in Michael reactions

O
z 1. CH,=CHCN | \ /
2 = N L -
2. H,0, HCl N C
H H

(racemic)

Pyrolidine enamine
of cyclohexanone




Michael -Aldol in Combination:
The Robinson Ring Annulation
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Michael -Aldol in Combination:
The Robinson Ring Anulation

© =0 1. NaOEt, EtOH

H + 2=

COOEt _— (Michael reaction)
3-Buten-2-one

(Methyl vinyl
ketone)

Qﬁu\om. NaOEt, EtOH OQO
(Aldol reaction)

COOEt COOEt

Ethyl 2-oxocyclohex-
anecarboxylate




Gilman Reagents

Gilman reagents undergo conjugate addition
to a,b-unsaturated aldehydes and ketones
In a reaction closely related to the Michael
reaction:

o 0O
&/ 1. (CH,),CuLi, ether, -78°C &\Q&
2. H,0O, HCI
CH, ? CH,
3-Methyl-2- 3,3-Dimethyl-
cyclohexenone cyclohexanone

Gilman Reagents

Gilman reagents are unigue among
organometallic compounds in that they
give almost exclusively 1,4-addition
— other organometallic compounds, including

Grignard reagents, add to the carbonyl carbon
by 1,2-addition

0 0
A\/OINVNQ:

1) Et,0,-78°

\

2) HCI, H,0
CHj CHj




1,2 Addition

organolithium and Grignard reagents,

on the other hand

, are strong

nucleophiles (bases), add rapidly to
carbonyl groups, and give primarily

1,2-addition:

i _ X
PhLi H O_

U:m:<7
lithium

4-Methyl-3-
penten-2-one

4-Methyl-2-phenyl-
3-penten-2-ol

Thermodynamic versus kinetic control

Products determined by relative rates

KINETIC CONTROL:
|

fast \\

Nu: + ﬂ|h_u
m_0<</

|
NU=F

THERMODYNAMIC CONTROL:

’ | @
O“ O|

o | OH
i S S

I
I
1,2-Addition
(less stable product)

+ RO

_I_
ROH @ -
ZC|ﬂ|m_u|O| + RO
1,4-Addition

(more stable product)

Products determined by relative stabilities




Conjugated
Systems

(Omit 20.3)

Conjugated Dienes

from heats of hydrogenation-relative stabilities of
conjugated vs unconjugated dienes can be studied:

Structural DH°
Name Formula kJ (kcal)/mol
1-Butene S -127 (-30.3)~
1-Pentene N -126 (-30.1)
cis-2-Butene \J -120 (-28.6)
trans-2-Butene e Vd -115 (-27.6)
1,3-Butadiene NS 237 (-56.5)
conjugated y

trans-1,3-Pentadiene /2~ & >\ -226 (-54.1)
1,4-Pentadiene N X -254 (-60.8)*]




Conjugated Dienes

conjugation of the double bonds in

1,3-butadiene gives an extra stability of
approximately 17 kJ (4.1 kcal)/mol

o AN+ 2H, @EYSL o N pHO= 2(-127 kd/mol
= -254 kJ/mol)

|

NG 4 2n, Satalysl N7 pH® =237 kimol

Conjugated Dienes




Conjugated Dienes
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Conjugated Systems

— systems containing conjugated double bonds,
not just those of dienes, are more stable than
those containing unconjugated double bonds

O O

2-Cyclohexenone 3-Cyclohexenone
(more stable) (less stable)

Most significant are a,b-unsaturated carbonyl




1,2 vs 1,4-Addition

OH
Nu
1,2 Addition
KineticProduct
RLiand RMgBr

et

1,4 Addition
Thermodynamic Product
R,CulLiand RMgBr/Cu

N u

Simple Rxn Coordinate Diagram
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A Two Step Mechanism:

DH is (-)

e.g. an Snl Mechanism

1,2 vs 1,4-Addition

« Addition of 1 mol of HBr to butadiene at
-78<T gives a mixture of two constitutional

ISOMers:
CH,=CH-CH=CH, + HBr 8S
1,3-Butadiene
Br K Br H
CH,=CH-CH-CH, + CH,-CH=CH-CH,
3-Bromo-1-butene 1-Bromo-2-butene
90% 10%
(1,2-addition) (1,4-addition)

— these products can be explained by the
following two-step mechanism




