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Robinson Annulation Part 1 - Michael Reaction Steps
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Take a

proton
away

Make a

Michael bond

Add a
proton



Robinson Annulation Part 2 - Aldol and Dehydration Steps

O H

OH H

Heat

Aldol Reaction Product

Michael Reaction Product

Spontaneous 
dehydration - multiple steps

You are not responsible for 
these

Final Products
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David Robinson earned 2 NBA

Championship Rings






































































































































This is the only Robinson annulation
reaction you will see on exams

HEIR

ÉÉ at
1 MichaelReaction
2 Aldol Reaction
3 Dehydration
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II
MAD 2 Rings

Note how the only Robinson

annulation you will see in this

class creates a product with

2 ffoog.gg
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Reaction with Thionyl Chloride

Cl

S

Cl

O

Several Steps

Chlrorosulfite intermediate

Cl

Decarboxylation of a β-Keto Acid
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K RE An acid
chloride É

Leaving
Great

Break a

g GroupBond
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Bond rotates to give
a more stable
conformation

HAYEE
see

C C Bond
6 Pi Electrons
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KRE Ketone and CO2

Time capsule
Important for products

of

the Claisen reaction

This also works with β diacids
HygsF

a






































































































































Decarboxylation of Claisen

IE IIIn

of a Claisen product to

give the β keto acid that

will decarboxylate upon

heating
to give a ketone

product
1 0.5 eg

of

on Info
mild

new e

bond 3

New C
C

bond 0

KATE off
at C O carbon A p keto acid





































































This side is highly
favored at equilibrium

FhisisaprtX
NaOEt 929 p'The
I
Ex me
1.0 equivalent pkg 16

Acetoester

f
Br

pka I Sw2

ME a

Racemic

I
4300 ester

heat hydrolysis

Racemic

after tautomerization

p keto acidwill lose CO2New Éd under these

coz conditions
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Aceto ester Synthesis Summary

1 Nao Et Ney
1.0equivanent

an.es ftco
3 H300

heat

KRE A methyl ketone
with a new C C

bond between the
A and P carbon atoms







































































































































Malonic Ester Synthesis
Malonic acid decarboxylates with heat

to give a carboxylic acid and CO2

it

6 I

end of a
carboxylic acid

tautomerizationJp

p CO2
H TCH
CarboxyTC
acid





































































We start with diethyl malonate
1 Nao Et

k 7 not.ee
EIB sn2

I treeEst
NIE

Ho CO2

KRE A carboxylic acid
with a new C C
bond between the
2 and p carbon

atoms

veg





































































CH Br

e

These are so small they
can react with enolates

that are already
substituted applies
to acetoester and
malonic ester synthesesAny group

that is larger
cannot react
due to steric
strain

1 NaOEt

note Ain.tko2BrSn2
1.0equivalent

Hotpot É Nofx on

7
Racemic






































































































































The wicked strong base that

changes things
Li

it HIT1

Lithium Diisopropylamide PKa 40

LDA H LDA




































































































































NOT a

nucleophile

LDA will quantitatively
deprotonate aldehydes

ketones and esters

to make enolates






































































































































Aldehydes

R 1 I LDA r Ein H LDA

Esters

R I I R LDA L R or H LDA
H




































































































































pka 18 20 pka 40

This side is

favored by
1020

pKa 40

pka 23 25

favored by
4015
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Initial Products

Claisen Condensation

O
CH3

O

H
H

H

O CH3

Draw both enantiomers

O
CH3

O

H
H

H

O CH3

No chiral centers in this case

Final Products

2) Mild

(Chemist opens flask 
and adds a mild acid)
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Aldol with
Esters

Take a

Pratty

tygyy.ae the
G

m a
bond

Mechanism B

CH
Break a

bond
a E P

FEET
Take a

proton
away

Ney

a

This is a much more stable anion

compared to ocH3 providing a

strongdriving force motive for
the Claisen condensation reaction






































































































































What if we use 0.5 equivalents
of LDA with an ester

equilibriministered

H on LDA
FFE otH.LA

1 0 equivalent
0.59 tents

0.5 equivalents equipitents

Amount of ester
left over after H 1 E on

0.5 equivalents of
enolate is made 0.5 equivalents

0 0 2 HCl H2O

on c
H fiE ci E.in

0.5 equivalents 0.5 equivalents

There are 2 ester
molecules used for
each product molecule
so there can only be

half the number of

product molecules compared
to starting ester molecules






What if we use 1.0 equivalent
of LDA with an ester

H Ic E on LDA HIFI on H LDA

1
equivaley.gg qffffggggyy gyigent

so there is no
equivalent

estate'In

versifton
equivalent

All of the

starting ester
molecules end

up as a the

same number of

product molecules
with a new C C

bond



What if we use 1.0 equivalent
of with an ester

Only a small amount

III 57k always

wP.tt s fEnst react

IEEE.tt 0.5

1 0 equivalent
0.5 equivalents equivalents

pKa 23 25 11 _y
pKa 16

Leaving
group from0.5 equivalents ester

Products
from bond

forming step A 1 H

only not 0.5
overall process 0.5 equivalents equivalents

2 HEY If
0

Overall Products on H
from all

1.5
steps 0.5 equivalents equivalents



Overall Reaction

H tfE ont.am on ton
1 0 equivalent

1 equivalent
0.5 equivalents equivalents

o.se

uivalents0.5egEents0T5Tivalents

comes from comes from is left over

first step second step from originalformation loss of n
of the leaving group

that
enolate from ester was not

see mechanism used







































































































































