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Chem 360 Jasperse Ch. 22 Notes. Enolate Chemistry
Chem 360-Jasperse Chapter 22 (Enolate Chemistry) Reaction Summary
PROTON as ELECTROPHILE n « (l)
o) OH 1
base, ROH —) o>
o~ T ! g

-Base-catalyzed keto-enol equilibrium
-know mech (either direction)
-know impact of substituents on enol concentration

o 0o o
9. base,RgEH !
Ph” 3 Ph™ * Ph™ 3
H CH, (Hch, CHy(H
optically active racemic
-Racemization of a-chiral optically active carbonyls
-Mech
HALOGEN as ELECTROPHILE VP
0 0 |
3 )k/ excess Br, (Cl,) p h /S<
Ph base Ph A{ H

Br, Br
-Base catalyzed halogenation

-with excess halogen, all a-hydrogens get replaced

-Mech
O 0
| 1. 31y, 3 NaOH, H,O CT |
4, )\ +CHIy| — /K + CHlj3
Ph 2. H* Ph ONa Ph OH
after basic step one after step two acidification

-lodoform reaction.
-chemical test for methyl ketones
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ALKYL HALIDE as ELECTROPHILE

-Enolate alkyl&.wz

-strong DA base required to completely deprotonate carbonyl
-Mech

-Ketones, Esters, Amides, Aldehydes: doesn’t matter which kind of carbonyl
-unsymmetrical ketones give isomer problems
-Sn2 alkylation restricts R-X to active ones

Q o 1. NaOR o
7. o 2. R-X )’k/
OR 2 RX CH
“

R
-Enolate alkylation of 1,3-ketoester q C
J

-alkoxide base strong enough to completely generate enola

)
-Mech for alkylation /\,/\OH'

-Sn2 alkylation restricts R-X A
-position of alkylation is unambiguous
-acid-catalyzed hydrolysis/decarboxylation

it f 1. NaOR 0 2 H,O", heat
o J N e —
RO OR 2 RX  /pro” ” [FOR CH
R Ll
-Enolate alkylation of 1,3-diester Sl: A ]‘“0/%
-alkoxide base strong enough to completely generate enolate l"\ ‘_‘ ’t
-Mech for alkylation

-Sn2 alkylation restricts R-X
-acid catalyzed hydrolysis/decarboxylation
-Final product is an ACID (Diester 2 Acid)

-decarboxylation of a 1,3-carbonyl acid e==gl

-”Z” can be anything so that you end with a ketone, aldehyde, or acid at the end

-know the mechanism for the decarboxylation, and acid-catalyzed enol to carbonyl
isomerization

-rate will be impacted by stability of the enol intermediate
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OH (0] base ROH r4 0o

+ H,C
z <____ (or acid) é\w s

-Aldol Condensation

-Ketones as well as Aldehydes can beused

-In ketone case, unfavorable aldol equilibrium is still drawn off to enone
-In Aldehyde case, can stop at aldol if you don’t heat

-Mech

Z : Easei ROH Y4 (0]
he
@ ﬂ/L foracic \)\AZ
R
-Aldol dehydraggn_

-Mech under basic conditions

-Crossed Aldol (2 different ¢
. ot be some differentiation so that one acts selectively as the

enolate and the other as the electrophile

-Mech
(o)
o o base, ROH
heat
14. e
H (or acid)

- ntramolecula@

-lVleu
-many variations
-Normally only good for 5, 6-membered rings
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-Claisen Reaction
-Mech
-Produces 1,3-ketoester

)L \)k base
or * R

ketone or ester

-Crossed Claisen

-May include cyclic Claisen reactions

-If the “enolate” carbonyl is a ketone, get a 1,3-diketone
-If the “enolate” carbonyl is an ester, get a 1,3-ketoester
-Mech

WITTIG REACTION
o X
©) A X

19 )'\ + >_® PPh
A B v °

-Mech

Br PPhy+

0. )\ 1. Ph3
R

R 2 BuLi (or some
other base)

\'W

Enolate Chemistry 4
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Chem 360-Jasperse Chapter 22 (Enolate Chemistry) Reaction Mechanisms
Summary
* Note: in many of these reactions, I simply write in “base”. But for specific reactions,
you need to recognize and specify the actual base that does the work.
PROTON as ELECTROPHILE
Ketone to Enol

77N

0 0 H-OR OH
. )lyi_@se, ROH 9|\ )\
PR N T e P PR

o®

Ph&

Enol Back to Ketone:
N
B 0© H-oOR o

~
1.-reverse j\ _>‘ba e, ROH Ph/& - = Ph)l\/H
Ph

5o

Ph

Deprotonation/Reprotonation to Racemize an optically active a-chiral center

0 0
base, ROH ’ /\ o
o -0

8 Ph ~—— Ph
H CH, CHs

CHs H

optically active racemic enantiomer or original.
Protonation from the front
gives enantiomer, from the
back gives the original. The
result is a 50/50 racemic
mixture.

HALOGEN as ELECTROPHILE

Base catalyzed halogenation. Sequential deprotonation/halogenation until all the a-hydrogens
are replaced.

* Note: addition of an electronegative, electron-withdrawing halogen stabilizes
subsequent anion formation. As a result, the bromoketone formed after the first
substitution is actually more acidic and therefore more reactive than the original
ketone. For this reason you can’t just stop with a single halogenation under base
conditions. (But you can under acid conditions, via an enol rather than enolate

mechanism.)
0} o}
o) ( 0
3 @se | J B Br O| base | J B Br Ph)g(
Ph
Ph Ph h
H O Br Br Br
H Br

H H excess
Br2




“nn

L

i

Chem 360 Jasperse Ch. 22 Notes. Enolate Chemistry 6

ALKYL HALIDE as ELECTROPHILE
With Strong LDA as Base, using a Monocarbonyl

O G%\l(iPr)z o) rRE 0
JVVFF_, Ao ]

—

Z can be anything: works for ketones, esters, aldehydes, esters,...

“LDA” is lithium diisopropylamine, provides the nitrogen anion shown

strong LDA base required to completely deprotonate carbonyl. The base strength
enables the enolate to form completely, no equilibrium or reversibility issues.
unsymmetrical ketones give isomer problems. If there are a-hydrogens on both left
and right side of ketone, which will get deprotonated selectively?

Sn2 alkylation restricts R-X to active ones (ideally primary or allylic/benzylic...)
Sequencing: the LDA must be added first, allowing the enolate to form completely;
then the alkyl halide is added subsequently. If you add the halide at the beginning, it
reacts with LDA

LDA deprotonates the carbonyl rather than adding to the carbonyl carbon for steric
reasons

Using 1,3-Dicarbonyls, Such that Weaker Oxygen Bases are Strong Enough
Strong LDA as Base, using a Monocarbonyl

@ B EER

R
Test Respon3|ble J
+
0 0 H s Hzo 'e) ) OH H+, Hgo 9]
R oRl —— | R OHl | | R™ — R
R several R enol R ketone R
steps .
keto-ester keto-acid
ester hydrolysis decarboxylation acid catalyzed
enol hydrolysis
\ Not Test Responsible / (ch. 18)

~

-alkoxide base strong enough to completely generate enolate

-Sx2 alkylation restricts R-X

-acid-catalyzed hydrolysis/decarboxylation

-not test responsible for the acid/catalyzed ester hydrolysis or the keto-acid decarboxylation
mechanisms

-you are responsible for the acid-catalysis enol hydrolysis (not detailed here, but was in Ch.

18)
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® por o Lon @ ok Hoon
H
_

Hor-
HH R
Test Responsible j
¢ R || 2 ) w0
| | heat —
ROJ\/J\OR )\OH — Ho)\ — Ho)\
R stevgal enol R acid R
ester-ester aC|d acid
ester hydrolysis decarboxylation acid catalyzed
enol hydrolysis
\ Not Test Responsible / (ch. 18)

~

-alkoxide base strong enough to completely generate enolate

-Sx2 alkylation restricts R-X

-acid-catalyzed hydrolysis/decarboxylation

-not test responsible for the acid/catalyzed ester hydrolysis or the keto-acid decarboxylation
mechanisms

-you are responsible for the acid-catalysis enol hydrolysis (not detailed here, but was in Ch.
18)

o o bond (‘ heat oM HHo O
rotatlon -CO — |
Z OH —— Som) | 2 (ch.18 %

R step enol R | mech) gftone R

decarboxylation acid

Not Fully Test Responsible. But must know that ENOL is key intermediate
that forms in the slow step.
What is good for the enol (and it's alkene) accelerates the decarboxylation

-decarboxylation of a 1,3-carbonyl acid

-”Z” can be anything so that you end with a ketone, aldehyde, or acid at the end

-rate will be impacted by stability of the enol intermediate (more highly substituted enol
alkene is better; conjugated enol alkene will form faster....)

-since the mechanism depends on the conversion of the left carbonyl into an enol,
decarboxylations are limited to 1,3-carbonyl acids. If you have a 1,2-carbonyl acid or a 1,4-
carbonyl acid (etc), the formation of an enol will not be possible and the decarboxylation will
not occur
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ALDEHYDE/KETONE as ELECTROPHILE

Simple Aldol Reaction, giving a B-hydroxy-carbonyl. In which the same carbonyl functions
as both enolate precursor and electrophile.

0 s £, g
10.@ @H R%% Rv}\%

-Deprotonate-react-protonate
-Notice in this case that it’s the same carbonyl that functions as both the enolate precursor but
also as the electrophile.

Aldol Condensation, giving an enone. In which the initial aldol product undergoes
dehydration

11RJ\ ERJ%j ﬂ?/k —»RQ\(L

Aldol
formation
(see #10)

-The aldol product is formed as shown in mechanism 10. But under extended opportunity or
heat, the product B-hydroxy group is eliminated to give the enone.

-The elimination mechanism involves deprotonation to enolate, followed by hydroxide
extrusion

-Ketones as well as Aldehydes can be used

-In ketone case, unfavorable aldol equilibrium is still drawn off to enone

-In Aldehyde case, can stop at aldol if you don’t heat and/or if you stop quickly enough

General Dehydration of (3- hydroxy Carbonyls to Give o,f3- unsaturated carbonyls
S 7 @@%
1 \/KKK

-Aldol dehydration

-Mech under basic conditions

- B-hydroxy Carbonyls can also eliminate water to give enones under acid conditions, via a
different mechanism.
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Crossed Aldol Reaction, in Which One carbonyl compound serves selectively as the Enolate
Precursor and a different one (usually aldehyde) as the electrophile

.mR o) o Oy @ Rv’\%
R

¢ Deprotonate

i Eliminate
hydroxide
(see mech 12)

H O
R'\)}\fﬁ)l\ 2
R
-Crossed Aldol (2 different carbonyls)

-Many variations, but there must be some differentiation so that one acts selectively as the
enolate and the other as the electrophile

-because aldehydes are so much more reactive as electrophiles, and because ketones are so
much weaker as electrophiles and even when they do function as electrophiles the addition is
reversible, crossed aldols between ketones and aldehydes work well, with the ketone reacting
as the enolate and the aldehyde as the electrophile.

-The mechanisms for the addition and also the subsequent possibly dehydration are essentially
the same as for reactions 10-12.

Aldol Cyclization: Basically a crossed aldol reaction in which both carbonyls are tied
together, and in which aldol reaction results in formation of a cyclic rather than an acylic 3-
hydroxy carbonyl

otz BB b
H ROH U
Nl b

0 0 {‘7

g — oL

-Intramolecular aldol

-many variations

-Normally only good for 5, 6-membered rings

-There are often multiple a-hydrogens that can give multiple different enolates. But since
enolate formation is reversible, reaction proceeds via the enolate that can:

react with the best electrophile. (Aldehyde rather than a ketone), and react to give the best
ring size (5 or 6 membered rings >>> 7-membered rings >> 3-, 4-, or >8-membered rings)
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ESTER as ELECTROPHILE
Simple Claisen Reaction, giving a p-ketoester. In which the same ester functions as both
enolate precursor and electrophile.

©
15, @R @GOR R\&?\)?\OR — R\)?\/%CiOR
RR R

OR
R R

-Produces 1,3-ketoester

-The alkoxide used as base should match the R-group found in the ester. For example, if the
ester OR group is OMe, then the base should be NaOMe/MeOH. If the ester OR group is
OEt, then NaOEt/EtOH should be used, etc.

-Following enolate addition, the tetrahedral intermediate is *not* stable, and eliminates
alkoxide to regenerate the carbonyl.

-Note: Under basic reaction conditions, the keto-ester is normally deprotonated to a stabilized
enolate. Following acidic workup, the enolate is reprotonated to give the actual keto-ester
product. The enolate formation is actually crucial, because it “protects” the ketone from
nucleophilic attack.

o OI CoR O ﬁl\H"workup O (?
R R
W L, A,
H

R R H

Crossed Claisen Reaction, giving either a -ketoester or a 1,3-diketone. In which either a
ketone or an ester functions as the enolated precursor, and a different ester functions as
electrophile.

m 0 Oy O o 0
A A

l CoR ' . ]l
16. Hq)\z _— H\Z R OR RI/\\,/\H\Z Z
R R CORR R
ketone or
ester

-Crossed Claisen

-If the “enolate” carbonyl is a ketone, get a 1,3-diketone

-When ketones and esters are mixed, the ketone usually functions as the enolate and the ester
as the electrophile, because a) the ketone is more acidic, so makes enolate more easily, and b)
addition/elimination to the ester is irreversible, whereas addition to ketone is reversible

-If the “enolate” carbonyl is an ester, get a 1,3-ketoester. These work best if only one of the
esters has a-hydrogens, so that you have just one enolate available.

-May include cyclic Claisen reactions (see example below)

| OI base CI) CCI)
(MOR—>ROH @)\/\)\OR Nd Nd
©
H\_/QDR \_/ OCOR °
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WITTIG REACTION
o x
19. S{B + @_@Phs A>_<X (and O=PPhj)
Y B Y

T\

—~D
s PPhg O—PPhg
A— Y ——————————— A v
B X
B X
(Br PPh3 ®PP|"I3 PPh3 PPh3
o0 )\ Base @k - )L
R\ Ry i R™ R, R™ R,
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Ch. 22 Additions and Condensations of Enols and Enolate Ions

A. Intro: What is in Common for the Following Reactions, and How Do They Work?
* You should eventually be able to draw the mechanism for these (and other)
reactions...

o

Key Intermediate

o Q o o
+ NaOMe
oyt M
|\/|eo)Jv MeO™ Ph MeO Ph
CH,
napt
? NaoH § Q / €
s 0 gm0 A A
= H CHj3 H CH, HsC H
optically active “~—~—"YeBTic mixture
T S EEEEE—
Things in Common KEY: O

C
.C=0C e
Nofar 7S

12

2. Anonit BosiC St l Elect
| 2 \

3. Electveghle 5

4. Svhshtution of Elect

Elect. fov x-H
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TYPICAL MECHANISM: Via ENOLATE Anion

@) @)

J\/H R (Base)
Z = H (Aldehyde)
Z = R (Ketone) %’t) QI o
Z = OR (Ester) o{\m& @ o o E I\ m j)\a/lcj)\
( &3 o H,0 Z)Q/gh —z Ph
Z/g COMe
O
Enolate
(original stereo
fon ZJH forgotten)
enc H0 H
OH

Under_base _conditions, a carbonyl compound with an a-hydrogen can be

deprotonated to gi nance-stablized, delocalized “enolate” anion,
which iynucleophilic at the a-carbon.
s ————

* Normal C-H bonds are very non-acidic. But C-H bonds a to a carbonyl are much more
acidic because the resulting anion is resonance stabilized and is shared by the oxygen.

Ka =107 Ka =100

0 : R
)J\@ NO < /(/ < 0
Stabilize Unstabilized
—

;° The a-carbon has two other attachments_in addition to the carbonyl and the H shown in
this page. The other attachments will remain attached as spectators, and need to be
accounted for in drawing products.

* o-Hydregens are only slightly less j%: than is water or alcohol hydrogens
> oh> >2> L, wH

j?—f?\ po® Ke 4 4°
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t— « B: Acid/Base Considerations (Sections 22.2, 15) Acidity Table

S Acid Base AV\\

T Class Structure Ka Strength Anion Strength S _{ :(7? , '47
Strong H-Cl 10 @)
Acids N Cl N

Carboxylic 0 10° j\
Acid JI\O
R H 0©

OH 10710 e

©/O (Delert.

O O 10712 O O

MOMe )J}‘}))kowne > cwve
Y

Phenol

—

/
1,3-Dicarbonyl

[\

_— -
. p) .
= ;ater HOH 107" 0O — (_’{ 4 €Joﬁa Ce
T — G pw
T Alcohol ROH 10 ( o J}/ -fa ("IGV
~—

_Ketones and 0 102
Aldehydes )J\a/ H l } 1
Ester 0O 10
H \a)LOMe (x)]\ OMe

\ @

& L . 33
Amine (N-H) (iPr),N-H 10 (iPr),N S
‘CLDA”

S~ &’4

m HCH3 TO~" 5 >
= — Aot
= H-A + B@ A@ +B-H Relative stability of anions dictates equilibrium
T

Notes to remember
1. Carbonyls acidify g-H’s (anion stabilized)
2. 1,3-Dicarbonyls are much more acidic than monocarbonyls (anion is more stabilized)
3} Ketones are more acidic than esters
. A “lower” anion on the chart can favorably deprotonate any acid that’s “higher” on
chart. Because any acid-base equilibrium will always favor the more stable anion.
5. “LDA” is strong enough to completely deprotonate ketones, esters, or 1,3-
dicarbonvls
6 at, completelyyeprotonate 1,3-di®t not ketones or esters)
& 7. OFH; R@mretely deprotonate Reteres-er-estets, but do provide a
usable equilibrium supply of the enolate that can procede to product in some reactions.

e
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Ahiak con; d7a-k
=

1. Rank the_acidity of the hydrogens at the labeled positions, 1 being most acidic. Draw the

three anions that would result from deprotionation at the three spoés&nd any pertinent
resonance structures.

o o . q: /u\y\ é——y/l\p\

% e ﬁ' q C
wost ke b Iy e L yer X,

<. Mo/e ne reg

2. For the following compounds, record to what degree they would be deprotonated by
NaOCHj; or LDA [LiN(iPr),] respectively. The basic choices are “totally” (>98%), “zero”

"jﬂﬁ’d (no enolate whatsoever) or “slightly” (definitely some equilibrium amount, but <10%).

T

=
=
T

S S G S
Ph
S LY

Sun
ba: botally total LL_% waal

AOMe: S(H}H ’ + stal ' @)C% Lo w-H"

C. Enolates and Enols:[ Protonsjas Electrophile (22.2)
C H
PROTON as ELECTROPHI

<know mechReither dlrectlon

-know impact of substituents on enot concentration

— 9801/4/,0‘”

Notes: J}de
1. Rapid equilibrium exists between the keto and the enol form

2. Bot@natalyze the equilibrium
All carbonyls with g-hvdrogens can equilibrate with enols

* But if there are no a-hydrogens, a carbonyl can not have any enol (or enolate!)
4. Ranking the population of enol:

a. Normally, <5% enol will be present in solution, and >95% will be in the ketone
form

b. No a-hydrogens = no enol
Two factors can stabilize enols and enrich the equilibrium enol population
Hydrogen bonding of the enol O-H to some other heteroatom
(stabilizing)
* Conjugation of the enol alkene (stabilizing)
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1. For the following compounds, draw the best possible enol (if any) rank them according to

SO MO NPt
4 erl [| Pon
hester vk\ji P S \ Cn %"/\

= H @ H-beadin | _
L G conj ? 2 loovafeJ T
Mechanism for Base-Catalyzed Keto-Enol Equilibration:

2. Keto-Enol Mechanisms (use hydroxide as base, but many bases will do...)
a. Draw the mechanism r conversion of the keto form to the enol form

% OA, 0°“ D ey
%H [LEGC‘,'

which would have the greatest amount of enol isomer present at equilibrium, 1 bein
most. feﬂﬂ 00,
74 Zr\s»u H? {5’A>ﬂ7a
e |

=
= 6
T
b. Draw the mechanism for conversion of the enol form to the ketone
,m o 4
fh ¢ _OH vy
) ) ‘b/ H_Qb H
A
= ( Racemization of a-chiral Compounds via Enolates
Ts -Racemization of «-

2. ) base ROH chiral optically active
Ph N carbonyls
CH3

/H H CH, -Mech
optically -
_/ i CoL /

 Sou. |/ adesic®?
// A .

(”r\ ,/g'fon ahieu

£lak CH
ockisl from
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t— D. Halogen Electrophiles (22.3) (Skip 22.4)
=

= \‘ \
( HALOGEN gs/ELECTROPHILE -Base catalyzed halogenation
T 0 -yﬂﬁm all o]
B

3 )k/ excef Br, (Cl,) > hydrogens get replaced />
Ph @ Ph -Mec

r Br

1. Draw the product and mechanism forOthe following Cl
e = A, Dt g
&Szo br & Leact x

€
&0*‘ e 6"(}.6’

2. Draw products for the following reactions

= C

= o 2 Br, 2NaOH \

T Ph)g( o ”\/l?i
(

L™ W
3

" O 3 Cl,, #NaOH Cl ?
). C\
A H,0
o — Cl
(ﬁ}?alogenation VErsus monohalogenm

* Under base conditions, if you add only one equivalent of Br, (or Cl,) when an a-

carbon has nfore tham one (x-hyaroge@ mono-halogenation (product B) goes not ;=

occur

* Instead messy mixtures result

* The major product is polyhalogenated (C), combined with a bunch of unreacted
starting material (A)

*  Why? Because the electron-withdrawing halogen ma @
(resulting in faster enolate formafion) than the starting material

i+

=
=
T O 1 Bry, 1 NaOH Q 0 O
1 +
R Rt TR SRR
W H 2 H H Br Br Br
less reactive A B c
toward enolate 45% 10% 45%
formation Ies@;lve mo ctive .
toward enolate toward enolate d \
formation formation
G A4 MorC
moré, .

e »
wc‘;‘(oc‘h"e
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= Acid-Catalyzed Monohalogenatiof (not for test)
=
o) 0 -Acid-catalyzed halogenation
T 5 )k/ Br, (Ch) -can achieve selective mono-
Ph acid Ph halogenation
! Bf H -No Mech required
* Under acid conditions, a very different mechanism takes place which allows clean mono-
halogenation to proceed
* Enol mechanism (not for test)
¢ (Cationic mechanism
* An electron-withdrawing anion stabilizes and accelerates enolate formation, but
destabilizes and decelerated enol formation
0] @, H
1 )K/ 1Bry, 1 H Q0 OH e 2y
Ph P \ —
A H:0 H H Ph Ph® H
more reactive \_ OH ( enog
toward enol
s formation less reactive
= toward enol
formation.
-/
The Todoform Reaction:
I/ < ¢ A/ Chemical Test for methyl ketones (unknowns problems)
* A synthetic technique for converting methyl ketones to carboxylic acids
oSt 7 ellow

O
)‘\ +CH|3 -

Ph ONa
after basic step one

ﬂ L
)\.+ CH|3
Ph COHJ

after step two acidification

e The chemical test involves formation of CHI; (iodoform), which is a yellow precipitate
(and smelly)
Mechanism (not for test):

=
= 0 0
g OH J\? LN (S J\ )%
T anion Ha |rrever3|ble R™ "CHal irreversi CHI,
ion, anion,
Adla leOH resonance Md resonance MOH'
= reversible O oH o o
© I
o ~—2__ Jo
IR irreversible R” ~Cl,
CH reversible
R oH e
irreversible
0 o)
S .
R)J\Ol;lr + Gl3 R)J\o@ + CHI; Yellow Solid
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1. Draw products for the following reactions

G
0 (o, 2N& \

& Br

C
G /u\
0 1. 31, 3 NaOH, H,0 L — OH
S th=p |
2 H T O Cld
”eﬂ‘[( - _—
ketcwe

19
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o - @ 0-0Ts 7 L1 > L4>L]
E. Enolate Alkylation:(Alkyl Halides Qr Tosylates as Electrophiles
( Y CHy=X > |®d-X > 1%

Alkylation of Monocarbonyls: Use strong, bulky LDA [LiN(iPr),] as b Mz{
J
Q1. LDA
6. Z)\ )\ R

2. R-X

o
1.@a¢tlon estricts R-X (or ROTS) t(Qctive 1° electropILﬂe)

2. Ketones. Esters, Amides, Aldehvdes all work, so long as they have an a-hydrogen

that can be deprotonated
* For unsymmetrical ketones, isomer problems can occur (which enolate forms?)

3. Predict the products: Attach the electrophile R group to the a-carbon
* This is a substitution reaction: a-C-H + R-X = a-C-R /L

4. Mechanism: Deprotanate first, add the electrophile second @
4 Tre&t LDA ;sf © NR, / A/

Practice: Draw products and mechanisms for the following alkylation reactions. >/

RS T Y. pwam o I

3 GH/&

@ npwo't- @L@Mﬂ; ( o~
Ceoct  (F2 G @—& L
- > ¢ .

“nn




Chem 360 Jasperse Ch. 22 Notes. Enolate Chemistry 21

s Acid Base 5 ale
S Class Structure Ka Strength Anion Strength HG { l Ply
T 1,3-Dicarbonyl o O 107" \ O O ‘

¢ OMe

H

Water HOH 1071

/0
Alcohol ROH 10777

e/

Ketones and @) 10 o)

Aldehydes )J\OL/H )k"@

Amine (N-H) (iPr),N-H 10 (iPr)ZN@Li@ \_‘/
6‘LDA7’

= For Monocarbonyls, why must we uke LDA A4s base, rather than a normal oxygen base (NaOH
= or NaOCH3) or a simpler Nitrogen bMNHgﬁ
T | LDA is strong and bulky |

1. Base Strength)/ the LDA base must be strong enough to completely deprotonate the
e electrophile is added

* With oxygen bases, the equilibrium favors the oxygen anion rather than the
enolate, and it’s just the oxygen anion which attacks the electrophile

For the following, which side would the equiliprium favor, and what product(s) would form?

std ]f

mmcy Nitrogen Base
)J\/H + OR 3 /K@ + HOR MQ NR,
nofe noxe
C
= jﬁ X bl
C "'fY :
T minoy nere (s Hhium

2. Base size: A bulky base Tavorsdeprotonation over nucleophilic attac!
* Comparable to E2 versus Sx2 competition N 0 /{/ H_’).

Bulky Base (LDA) Small B%
0] O Q ©)
w0 ">;—’ AL )J\/'J
)* en Old'l'e small

3, B w
|
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Alkylation{of 1.3- dlcarbonyls OW fine

=
=
1. NaOR +
T k e_( c a M H;07, heat )k/
ester ;
0]
4 \.R
(ﬂ \ €f“e HO \
( / A/O OHI HJG
Stage One: gikzlation ofa 1,3-Dicarboni19~ ) + h eat
1. Sn2 alkylation reaction restricts R-X (or ROTs) to active, 1° electrophile !
2. The dicarbonyl can be a 1,3-diketone, a 1,3 ketoester, or a 1,3-diester
3. Predict the products: Attach the electrophile R group to the a-carbon
4. Position of alkylation is unambiguous: in between the two carbonyls
eprotonate first, add the electrophile second
= . O OR bases are fine, no need for LDA
Ts Stage Two Acid/water hydrolysis of any esters, and decarboxylation of 1,3-carbonyl

acids

1. Upon treatment with H,O/H', a
esters hydrolyze to carboxylic ac1ds

J——'e“dﬁt_w&lﬂw @ 1,3
carbonyl acidyTwhether ketoacid or

oses one CO, via an enol
mechanlsm

-\ l
Hﬂﬂz
/_/

R ewl

]

1. Decarboxylation of a 1,3-carbonyl acid

2. “72” ing so that you end with a ketone, aldehyde, or acid at the end
3. chanism responsi

a. Be able to write the acid-catalyzed enol to carbonyl isomerization (see chapter 18)
b. Know that an enol is involved in th&rate-determining step >

* -rate will be impacted by stability of the enol intermediate
1. conjugation of the enol alkene will help
2. hydrogen-bonding of the enol O-H will help

=0 7
O?)

o=

I

Q

(%,
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Wthh ollowing meld_urﬂgtg_Q_d.ecaprxylatlon? And which wou
l\
Lo Lol 73 enl
O & ° &
l

~ /\/l\ t alkens
Draw products for the following alkylatlon reactions, often involvi
thermal decarboxylations.
N
s X
= o O 1. NaOEt E+tC E—f
T 3 EO7 50 TOEt 2 ‘Q/\/ M
{ 1 77
1. NaOEt i 3 T Q
0 0 2. BI‘\/\/ {
{b\ﬁh;@’ EtO)J\/U\OEt 3. NaOEt E‘C GE{_ —7 E-tc . OE'l'
M @ e 4. BrGH,CH=CH
\
s

~

{. NAOEt
O O Z.Er/)/Ph E‘H‘/ 5
s EO” ﬁ ;OEt 3. Z H,0, heat eH(f 5 and “‘

Na Et
Br")
CS'l'tv
fi .(
7~ —
kebe
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') 1. LDA o’ %
2. BQ/K ﬁ —

Some Synthetic Strategy Tips

* Alkylation resulting eventuallf in an acid/ from_1,3-diester, via NaOR, then subsequent
ester hydrolysis/decarboxylation

* Alkylation resulting eventually in from ester using LDA_

* Alkylation resulting eventually in g &> where unambiguous deprotonation was
possible: from ketone using LDA

* Alkylation resulting in a mono-ketone, where unambiguous LDA deprotonation would
not have been possible: from keto-ester using NaOR, then subsequent ester
hydrolysis/decarboxylation

Provide reagents for the following:

o O ’l eOE-"'

®
g EtO OEt 9 8 /p\ th

erher
A 3. Hyc, #Y, hedt

j\dA L L14A
EO” S 9, GI/P\.// EtO “ e,H'(/

10. Shown below are two possible precursors A and B for making target ketone C. One
works well, the other has a problem. Which is the good precursor, and which
precursor/route will have problems?

1. NaOMe
o (0] 1. LDA 0O R
= - oute
R?Aute 2. Br 2. Br \)k B
c 8 § Bad,

Goos | e P s
3. H,0, H*, heat ‘)Ii_(_l(f r\ ‘O‘ .
A
G o
o A
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= F. AWlectrophiles: The Aldol Reaction (22.7-11)
= The Chasic aldol reaction— in which the same aldehyae functions as both enolate and

electrophile, and in which aﬁ-hydroxyaldehyde is produced.

p-hydrory carbony|

(o) OH (0]
base
10. R\)L — R\)\/TAL CH C O
H Rrou ‘. H \
R /{.,L\a) "‘/”

& Try to draw the mechanism for the following. /l\
O p~ot

O NaOH OH O i

D Neprot Moy g ~he H
gﬂe’oﬁ '?Q“'; cn_,"r\h(\j:/;
G It T&“‘gﬁ G HH Y ¢

e 1, T 5
H == 7 H
Notes: H ~ H
a. Product: B-hydroxycarbonyl

b. /One carbonyl converts fo an enolate, gother in its neutral form functions as electron@

* with oxygen anion as base, most carbonyl is in neutral form, only a small equilibrium
population of enolate anion at any time.

&@ Products and spectators; The¢@-carbon loses an H td make the enolate, but otherwise both
’ i The coctrophild Tetriobt-thes
the enolate and the electrophile cctator attachments
d. 3-step mechanism: deprotonate (to make enolate) — react (with electrophile) — protonate
* the react-protonate steps are like normal Grignard addition-protonation S
# ¢. Aldol formation is reversible: favorable equilibrium for aldehﬂl_einot for ketone I

* With ketones, either you don’t isolate f-hydroxycarbonyl. Either you proceed on to
alkene (see below) or else you just recover starting ketone

Aldol Condensatiop/ In which a $-hydroxycarbonyl is formed but then is pushed on via loss
0 produce an “enone” (o, B-unsaturated carbonyl)

—|mm

_ Y N -
= 0 base z\OH, O base, ROH y4 (0}
= 11. R —> [R J = , g lese
T Z <--- z H | (or acid) A Z HGH
B R R —

R
11 n
3 cAopes
b. Ketones as well as Aldehydes can be used
* __In ketone case, unfavorable aldol equilibrium i€still drawn off to enoficy 4 L( C /
c. {n Aldehyde caseyxan stop at aldol i " Q’{P {44
T

* To force toward the enone, give extra time or extra heat

Cd.7 - ogens must be available for removal; otherwise product retains all spectators
. Mechanism requir€
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S General Process for Dehydration of f-Hydroxy Carbonyl Compounds
= _
z OH O M_} z o) L 7
12. \)Z = R eliminatcn
(or acid) X Z -'C
— 0
R

{CH
*  We will focus on the base/enolate mechanism

* But this elimination is also possible using acid catalysis, via a different mechanism

Male eak @MA—

T et i = C— CH
vj\ﬁ% H0 \/Y\H b‘S‘_H—’T C—n “) [Zh&nahon

H H e
/ S H —> ~ " Ot
+

1. Try to draw the mechanism for the following.

= thns: Usifig 2 Different Carbonyls, ich Functions as
= rophil2 (normally an aldehyde) an \er s the Nucleophilic Enola
T ~——
2 0 base, ROH 0
3 ' )L + R\)k 2» ' \Hk heat
R H z R (or ac1d) R’ N z
R
a. Mechanisms required
b. Many variations, but the differentiation so that one carbonyl @
selectively as the enolate and the other as the electrophile
1. If one carbonyl lacks any a-hydrogens, it can’t be converted to nucleophile and
can only function as electrophile
| @ Aldehydes are mueirbetier electrophilesTthan ketones
===~ When ketones do function as electrophiles in aldol reactions, the
reactions usually just reverses itself anyway
3. Sometimes conjugation favors formation of one enolate over another
s ——
= Ring-Forming Aldol Reactions
T
0]
base base, ROH
14. ‘w heat
i “' H -1 (or acid)
HO

a. Intramolecular crossed aldol reactions

b. Electrophile: if one of the carbonyls is an aldehvde, it will function as the electrophile

c. Normally only good fof 5, 6-memberedT
* If more than one enolate can fornt, use the one that could produce a 5- or 6-ring
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Aldol Examples: Aldehydes/Ketones as Electrophiles
NaOH, H,0 / OH NaOH, H,0 0
(cold)‘ H @ MH
a( d EAANe

@ NaOH, H,0O OH O NaOH, H,0 H o

| o
Spectators Phé)J\H cold PhMH warmup @ N3y

H Ph Ph

27

With aldehydes, you can usually stop at the B-hydroxy carbonyl stage or proceed on to the

o,-unsaturated carbonyl, depending on time and temperature.

)

NaOEt EtOH HO NaOEt, EtOH
e () =
K{"ﬁ* 3. é :

= * With ketones as electrophiles, the aldol reaction to give the B-hydroxy carbonyl is
= normally reversible with an unfavorable equilibrium. However, while it is not possible to
T isolate high yields of the B-hydroxy ketone, further dehydration to give the enone is
irreversible and can give good yields of the enone.
O§ O NaOMe OH O NaOMe O
MeOH MeOH =
Crossed e ph warmup Ph
— 4. more time
* With two different carbonyl compounds, one must function selectively as the enolate
precursor, and the other as the electraphile.
* Since aldehydes are much more electrophilic, when mixed with a keton¢ the aldehyde
9
¢ If there are more than one site where an enolate might form, the most acidic site that
= would give a stabilized anion will form preferentially
=
= Q)OL Q NaOEt OH O  NaOEt o
OEt

EEOH Ph/H)LOEt EtOH Ph/ﬁ)kOEt
0°C warmup

E 5"'3" 5 more time

Comments

* Basic

*  One carbonyl functions as the enolate nucleophile, a second carbonyl as the neutral
electrophile. The enolate precursor and the electrophile carbonyl may be the same
(examples 1-3) or different (examples 4 and 5)

* Loss of an a-H, replaced by an o, C-C bond.
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All of the following molecules can be made by an aldol-type reaction or an aldol-type
condensation (aldol followed by loss of H,O). Draw the carbonyl compound or
compounds from which each is derived. @

oh o -
H o 0] /\k\s
Q I
Ph)/ﬁ‘)ko/ Ph‘)A T HKO/ Q s
)
P O/J\
dentify the carbonyl in the product, and mark off which are the o and §§ carbons. The

key bond connection will have been between the o and f carbons.

* P was originally a carbonyl (the electrophile carbonyl)

* o originally had H’s (it was the enolate carbanion)

e Note: gny attachments on the o and B carbons are spectators. [Pthey are there at the
end, they\must have been attached at the beinning!

9 0
o0 éx g
OH O o N
R \/2\ M= *r"\ g [-ane

s P

OH

P“W (k\/‘\ % ;)\OCHJ

6. Draw the mechanism for the following reaction.

example:

N

w

hd

O (@] NaOMe O OH

AT lPh MeOH Mph

0°C
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Provide products for the following aldol reactlons

=
Ts hast 6"‘7 wao

C
o n
& NEOH. H:O g} g \ y  NeOHHO p/kj(\ﬂ
Kotk b & e

pb\/\/\ AH
@ OH
NaOMe, MeOH
&, S ii\@ .
O
0 NaOEt Lo M NaOFEt L
At % EtOH
= elect
T 0 NaOEt Q h NaOEt Q

| OHh !heat ¥

@ ald ax
elect }
3 /19 HO i H,0
11. cold hot
qld :

e\“ﬂ kO
w NaOCHj NaOCHj
§ HAGY Y "J‘iHooH3 @ HOCH,4
T 12. 1\ cold HG g hot A

-3
u\ o7 " 2%

13. DraW tlti:e mechanlsm for phase one and then phase two of the reaction in problem 10.

\Jﬁgijl? \»\/vk i_} *

ot
\%/ﬂ % H ph ()ro‘l.
’LCQd' Dot Dfpm \d;}oﬁ
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E G. Esters as Ele he Claise
-
s base
5. RW¥X —» (R

-Claisen Reaction
-Mech
-Produces 1,3-ketoester

tey

0 (o}

16.
R')}/OR * ngz

ketone or ester
—

doketepne

Crossed Claisen
-May include cyclic Claisen reactions

-If the “enolate” carbonyl is a ketone, get a 1,3-diketone
-If the “enolate” carbonyl is an ester, get a_1,3-ketoester

-Mech
Mechanism: enolate formation — addition to ester carbonyl — elimination of alkoxy anion
=
Ts 1. _Draw the mechanism for the following reaction. (Claisen reaction). @ D e ﬂ ) ,-(-
\)OL NaOCHj o o @ At J
x -
} I\
oty _ CCh,
£ o° 4y ~0
o
Notes OCM"; = T e@ CAH
a. Product: one). The f-carbonyl was an ester, and the a-carbon was S
enolate
= b. In actual laboratory, a@l acid workup®s always required
— * The product, which iasa i,3-dicarb0nyl, 1s actually more acidic than anything else, so
T it also gets deprotonated to the enolate; acid required to reprotonate it

* The enolate of a 1,3-dicarbonyl is too stable to attack esters, so it doesn’t compete as a
aucleophile
C. does not involve direct Sx2 displacement on ester; addition to the carbonyl
irsttomake a tetrahedral carbon (just like a Grignard addifion) is followed by rapid
fragmentation of the alkoxy group
@n crossed Claisens that involve ketones, why does the ketone function as enolate
nucleophile and the ester as the electrophile, even though ketones are normally better
electrophiles?
* Ketones are more acidic, so are more easily converted to enolates

* While ketones are more reactive as electrophiles, addition to kKetones is reversible and
doesn’t lead to product; whereas addition to esters leads 1rreversibly to product
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Provide products or reactants for the following Claisen reactions.
Sau e

QCH CH,

\)‘)J\OMe OC H
: "5

e} 1. NaOMe, MeOH

\)J\OMe 2. NaOMe

3. BrCH,CH=CH,

O 0] NaOMe
7 Ph)éJ\OMé&f/U\OMe MeOH
ho o—H
2 gﬁd 5
v /‘K/
A

31
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= process involving carbonyls for coupling carbons to make
= 545) —
* No englate chemistry is involved
T * But this is process is complementary to the aldol condensation for making alkenes
* Very Powerful route to alkene synthesis
19 A X
B Y
a. The carbonyl can be an aldehyde or a ketone
b. Phosphorus “ylide”: a molecule with adjacent positive and negative charge, but overall
neutral .
c. The ylide carbon is strongly nucleophilic W H t ?
— A
@reparation:\ J— Z ( // )
I @ \‘¢d
PPh ®
= \/ Q hs 3 PPh
20. - Z
= R Sh,_o e/ e
T 2. Bulj (or some B | C AT /
other base)/
\__/
relcaance Cal
PPh; is a decent nucleophile, produces phosphonium =

o e

Alkyl bromide is best 1° (Sy2 mechanism), but 2° can also work
c. The phosphonium salts A are weakly acidic and can be deprotonated by strong base (LDA
also works) to produce Wittig reagent B

d. Wittig Reagent B is really in resonance with version C bul_, ‘0 lh‘Yl [ rl'hlum
* B helps explain why the carbon is so nucleophilie
e Cis good for predicting alkene products =

e. Bromide precursors for Wittig reagents are often available from alcohols, via PBr3
*  PBr; — PPh; - BuLi is a common sequence for converting alcohols into Wittig reagents
*  PCC or H,CrOy4 is a common conversion for alcohols into aldehydes or ketones
(Wittig acceptors)

= o/DraW the product, reagent, or starting material for the following Wittig reactions.
=

T




e

=
=
T
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3 +

S h

Very general
o Useful for making mor organics, because two subcomponents can
be coupled to make a larger product.

o LTechnicall longer and more difficult than an aldol condensation/so should not h&
7'5¢ used to make cnones when an aldol condensation could be used mstead.
*(_Aldol Condensations> - C

o Great for making enones ( a,B-unsaturate@. But limited to making \/U

enones. \
# o TIfyou s@none?&fget, make via aldol condensation >

o Useful for making more elaborafe organics, because two subcomponents can

be coupled to make a larger product. -

* Elimination reactions (from either halides or alcohols).
o Not useful for building up carbon chain lengths. Simply involves transforming

one functional group into another. /\jy\ OTy




Chem 360 Jasperse Ch. 22 Notes. Enolate Chemistry 34

=S 4. For the following alkenes, which method should you use, and what would be the
= immediate precursors that would be suitable?
e C
T 6, “Ch h,0 B!
Ph < th<0 %~
€ Nore =2 qldol &
cr

o C=C

\/\/\
( = fph, & N
Sﬁ Design syntheses of the following products, starting frorgalcohols of 4
’- etvecs FH‘ carbons or less. Some key reminder reactions: @
] q! PCC for oxidizing 1° alcohols to aldehydes
. ff'rof for oxidizing 2° alcohols to ketones
* /PBr; for converting 1° or 2° alcohols to bromides needed for making Wittig reagents

lon— L Py (P pph,

=
= i é/aon g $
~— H  saMe
a o O 7/\9 ;
encre  heat ,]\ C
Aldol CH
—_—

<— /\&O“Pj/\

b
not ens Tfec ,
Withg L.

T <~ "0H
Tmy
/prh C
/\/\Dr

Cgw

Ul
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4
1/ Enones as Electrophiles l22.18-19) Michael Reactions/f-Additio

Enolate Chemistry 35

General: Enones as Electrophiles. Nucleophiles that attack enones must choose between:

¢ Carbonyl addition
* p-Addition

o this isn’t bad, as it results in enolate formation

Carbonyl Addltlon O

A|k0XIde
Formation

versus +

C
Uey'tfa( AJus. I\
> o°
Do /_\ I

B- Add|t|on

Enolate
Formation

oS j:c+ro}1 lic

Carbonyl

addition normally dominates

etimes enolates of monw s (but

not alwayg)
" prates (Ul
1. 4L
Prep: 2RBr
¢ H)A/ﬂ.’ H) UA/H_)

R,CuLi

2. 1Cul

enone

-”Michael Addition

RN

ketone or ester

base

—>
ROH

o) OD

-1,5 dicarbonyls are well suited for ring-forming aldol or Claisen reactions

—

NaOEt

EtOH

T %

CL[t
~
i
P
T

E+




