CH318 N LECTURE 17

Textbook Assignment: Chapter 19
Homework (for credit): POW 8 posted

Today’s Topics: Enolates

Potice & Announcements:

Exam ll: Grading in Progress

Enolate Anions
and Enamines
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Acidity of a-Hydrogens

Hydrogens alpha to a Type of Bond pK;,
carbonyl group are more
acidic than hydrogens of O_.—.w O_._NO.I 16
alkanes, alkenes, and (@)

.. __
m_x<3mm_oc:mmm mo_a_[ CCH
than the hydroxyl O_.—.w 2 H 20

hydrogen of alcohols CH3;C=CH ;5

CH,=CHH #
E ﬁ-_._ 51
pKa = -log Ka Sec 16.12 3
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o~-Hydrogens are more acidic because
the enolate anion is stabilized by:
1. delocalization of its negative charge

2. the electron-withdrawing inductive
effect of the adjacent electronegative
oxygen

o: o o3
Q F N\ - 19 _

__ __ L
CH3-C-CHotH + :A” <= CH;3-CYCH, <> CH3-C=CH, + H-A

Resonance-stabilized enolate anion
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Enolates in Use

Base-promoted a-halogenation
Step 1: formation of an enolate anion

.mvu H.\ﬂ\u/ slow //WVA\/ %% “O/" M» v
R-C- _ R + ..O_._ / > \O”O/ + H,O
R _"« R R R
Resonance-stabilized enolate anion

Step 2: nucleophilic attack of the enolate anion

on halogen
O/.V \\.I/ . m.&mn u.o.// u._m.ﬂ” vy —
wq W > c—C + .Br
\ ﬂ‘ \ _ L)
R m R’ R
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Formation of an Enolate Anion

Enolate anions are formed by treating an
aldehyde or ketone with base

O u.mu Q Na*
CH,- O.I + NaOH —= _._IO C-H «— H- OIO._._ + H,0
_._ _._
An enolate anion

— most of the negative charge in an enolate
anion is on oxygen




Enolate Anions
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« Enolate anions are nucleophiles in Sy2
reactions and carbonyl addition reactions

R Sn2
An 2.5_»8 A 1° haloalkane
anion or sulfonate

o
_ ? nucleophilic o
R + R Br: m:_cm::_:asv R

A
+
o o
LK 4

R R

o Y0Y nudeophilic : R
\/’d u Qﬂ.ﬂﬂw
_NP[W\_» +_N\=/_u_ addition .
R

R R
An enolate A ketone A tetrahedral carbonyl
LU addition intermediate
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The Aldol Reaction

» The most important reaction

of enolate

anions is nucleophilic addition to the
carbonyl group of another molecule of the

same or different compound

— although these reactions may be catalyzed by
either acid or base, base catalysis is more

common

— The reaction results in a new C—C bond
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The Aldol Reaction

« The product of an aldol reaction is

—a PB-hydroxyaldehyde

Q H O NaOH _w_n (0] mv
OIwuou_u_ + OIM -C-H—™> Qu_wn IuOIM -C-H
A cetaldehyde A cetaldehyde 3-Hydroxybutanal
(a B-hydroxyaldehyde;
racemic)
—or a B-hydroxyketone
? H O  Ba(OH), o 0
CH3-C-CH3 + CH5-C-CHj — Q._u_m_u.o_._m-o.o_._w

Acetone Acetone

4-Hydroxy-4-methyl-2-pentanone

(a B-hydroxyketone)
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The Aldol Reaction

« Base-catalyzed aldol reaction
Step 1: formation of a resonance-

stabilized enolate anion

TT
(0}

pK, 20
(weakeracid)

pK, 157

H-G % H.CHp-C-H ~—==H-O-H + ~

(strongeracid)

”.o.-
\J-o._._ <—> CH,= C-H

An enolate anion

Step 2: carbonyl addition gives a TCAI

& _
O_u_wunu_._ +

e

L
L]

@
CHy-CH <—=

Jo SEN¢
CH;- OI- CH,-C-H
A tetrahedal carbonyl
addition intermediate

Step 3: proton transfer to O- completes the aldol reaction

10
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The Aldol Reaction-Acidic

 Acid-catalyzed aldol reaction

— Step 1: acid-catalyzed equilibration of keto
and enol forms
2 ha H
CH3-C-H ——= CH,=C-H
— Step 2: proton transfer from HA to the
carbonyl group of a second molecule of
aldehyde or ketone

.. . H

/

O“\/A (0 4

[l [l
CH,-C-H + HCA —> CH;-CH+ 1A~

11
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The Aldol Reaction-acidic

— Step 3: attack of the enol of one molecule on
the protonated carbonyl group of another

molecule
— Step 4: proton transfer to A- completes the
reaction
H --H _. .
o_._mrm._._ CH HML_._/.». » CH ”m__..__ CH -W_._ H-A
3" v =L-R + 1A T/ g-Lh-Lhp- + R-
~— (racemic)

(Steps 3 & 4 are combined here)

12
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The Aldol Products-H,O

— aldol products are very easily dehydrated to
a,B-unsaturated aldehydes or ketones

O_._ O warm in either 8 (o)
id or b o
CHa CHCH, CH—29401 D¢ 0y EH=CHCH + H, 0
An o,B-unsaturated
aldehyde

— aldol reactions are reversible and often little
aldol present at equilibrium

— K, for dehydration is generally large

— if reaction conditions bring about dehydration,
good yields of product can be obtained

13
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Crossed Aldol Reaction

In a crossed aldol reaction, one kind of
molecule provides the enolate anion and
another kind provides the carbonyl group

O ? _NaOH_
Qn_w OO_-_w + HCH O_u_w OOIN CH 2 OH
4-Hydroxy-2-butanone

14
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Crossed Aldol Reaction

Crossed aldol reactions are successful if:

1. one of the reactants has no a-hydrogen and,
therefore, cannot form an enolate anion and

2. the other reactant has a more reactive
carbonyl group, namely an aldehyde

o)

] / \

e ©o_._o AMY - YQ._O
2,2-Dimethylpropanal

Furfural

Formaldehyde Benzaldehyde

P Q NaoH @
Qu_w OOIw + HCH O_u_w OOIN OIM OH
4-Hyd roxy-2-butanone

15
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Crossed Aldol Reaction

« Nitro groups can be introduced by way of
an aldol reaction using a nitroalkane

o g 0
7 0= /y ‘e "’
HO! \._.Jr_.ﬁm_._m-z, = IJO..I + m._/z+ <> Q._~|Z/+ B
o a ”DW o)
Nitromethane Water Resonance-stabilized anion
pK, 10.2 pK, 15.7
(stronger acid) (weakeracid)

— nitro groups can be reduced to 1°amines

0O

@ + CH;NO,

Cyclohex- Nitro-
anone methane

HO_ CH,NO, HO_ CH,NH,
ZmO_._v Ho, Z_v
(aldol)
1{(Nitromethyl)- 1{(Aminomethyl)-
cyclohexanol cyclohexanol 6
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Intramolecular Aldol Reactions

intramolecular aldol reactions are most
successful for formation of five- and six-
membered rings

consider 2,7-octadione, which has two a-carbons

w9 0

s L o “H,O
o
{ HO

o
2,7-Octanedione

mot formed)

(formed)

17
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Claisen Condensation

« Esters also form enolate anions which
participate in nucleophilic acyl substitution

i 1. EtO Na® D9
2CH; COEt ﬂOIQV CH;CCH,COEt + EtOH
Ethyl ethanoate n2M Ethyl 3-oxobutanoate Ethanol
(Ethyl acetate) (Ethyl acetoacetate)

the product of a Claisen condensation is a
B-ketoester

P50 ?
—GC—C—C>C—OR
A B-

ketoester

18
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Claisen Condensation

— Claisen condensation of ethyl propanoate
gives this [-ketoester

S A1
1. 2O Na
OEt + Ot ———— ——> OEt + EtOH
2. HyO, HCI /&JL# *
Ethyl Ethyl Ethyl 2-methyl-3-
propanoate  propanoate oxopentanoate
(racemic)

Nota bene: the base should be the alkoxide of the ester group
(This will overcome trans-esterification.)

19
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Claisen Condensation
Step 1: formation of an enolate anion

: o Lo
0o I - | I
m~.@.ﬁﬂ|\'0:» -COEt —— EtOH + um._Jm«OOmﬁ <—>» CH,=COEt
pK, =22 pK,159 Resonance-stabilized enolate anion
(weaker acid) (stronger

acid)

Step 2: attack of the enolate anion on a
carbonyl carbon gives a TCAI

o _ 9 Y 0
CH3-C;OR + iCH,-COEt === CH3-C-CH, -C-OFt
‘OEt

A tetrahedral carbonyl

addition intermediate 20
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Claisen Condensation

Step 3: collapse of the TCAI gives a B-ketoester
and an alkoxide ion:

o7 o

mom

CHy-C-CH,-C-OEt ~=> CHg- C-CHy-C-OFt + EtO:

O” O

Step 4: an acid-base reaction drives the
reaction to 83_0_9_03_

EtO: + CH,- o.om.o.om

N

pK, 10.7
(stronger acid)

7

o Q._»-0.0I..0.0m" + EtOH

pkK, 159
(weakeracid)

—
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Dieckman Condensation

 An intramolecular Claisen condensation

o)

o)

Diethyl hexanedioate
(Diethyl adipate)

1. EtO Na’
2. H,O, HCI

O o

&\Fom + EtOH

Ethyl 2-oxocyclo-
pentanecarboxylate

22
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Crossed Claisen Condensations

Crossed Claisen condensations between two
different esters, each with a-hydrogens, give
mixtures of products and are not useful

— crossed Claisen condensations are useful, if there is
an appreciable difference in reactivity between the
two esters; when one of them has no a-hydrogens

Q Q ? Q
HCOEt EtOCOEt EtOC-COEt COEt

Ethyl Diethyl Diethyl ethanedioate Ethyl benzoate
formate carbonate (Diethyl oxalate)

23
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Crossed Claisen Condensations

—the ester with no a-hydrogens is
generally used in excess

o o _ " o O
L_/ + /% 1.CH,0 Na
Ph” ~OCH, OCH; 2. H,0, HCI PN OCH,
Methyl Methyl Methyl 2-methyl-3-o0xo-
benzoate propanoate 3-phenylpropanoate
(racemic)

Only this enolate can be formed

24
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Claisen condensations as routes to ketones

Reactions 1 & 2: Claisen condensation followed by acidification

0 -
P 1. EtO Zm,,v P 7
OEt 5 H,0, Hal OEt + EtOH

Reactions 3 & 4: Saponification and acidification

O O O O

Reaction 5: thermal decarboxylation

o O (0

Q{ﬁo_._ Do WEET, smmﬂv /LJ + COy

o 3-NaoH, H;0, heat /&JLFO_._ + EtOH
4. H,0, HCl

25
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Claisen Condensations

The result of Claisen condensation,
saponification, acidification, and
decarboxylation is a ketone:

from the ester from the ester
furnishing the furnishing the
carbonyl group enolate anion

o m several / o) \

RCH,-C + CHp-C-OR —b° G
OR R

> _uw.OIM|O|OIM -R + 2HOR + OON

26
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Enamines

Enamines are formed by the reaction of a 2°
amine with the carbonyl group of an
aldehyde or ketone

the 2°amines most commonly used to prepare
enamines are pyrrolidine and morpholine:

G Q)

N
_

H
Pyrrolidine M orpholine

27
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Preparation of Enamines

An enamine

Q +ﬁ0u h,,vm”u H* ﬂou

L= N

& __._ \ &OI -_._MO @
An enamine
,

Acid catalyst is Lcm_;\ TsOH; azeotropic removal of H,O.

28




ORGANIC LECTURE SERIES

Enamines-Alkylation

The value of enamines is that the -carbon is

nucleophilic (same C that was o to carbonyl)

— enamines undergo S,2 reactions with methyl and
1 ° haloalkanes, a-haloketones, and a-haloesters

— treatment of the enamine with one equivalent of an
alkylating agent gives an iminium halide

The morpholine 3-Bromopropene An iminium
enamine of (Allyl bromide) bromide
cyclohexanone (racemic)

29
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Enamines-Alkylation

hydrolysis of the iminium halide (salt) gives
the alkylated aldehyde or ketone:

§ °)

mq. HCl/ H,0 .,
> T2 \Z/ O_

2-Allylcyclo- _<_o:o_,.o__=_:3
hexanone chloride

30
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Enamines-Acylation

enamines undergo acylation when treated
with acid chlorides and acid anhydrides

(D

N

%
+* CH;CCl —>
Acetyl chloride

An iminium 2-Acetylcyclo-
chloride hexanone
(racemic) (racemic)

(o) o o

N O

cl [\
el GL/ + N er
H,0 H H

31
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Synthetic Advantages of
Enamines vs Enolates

1) Avoids proton transfer.

2) Regiochemistry of alkylation can be

controlled. (For un-symmetric ketones)

3) Avoids polyalkylation.
4) Avoids O-alkylation.

32




