Chem 342 Jasperse Ch. 22, 23 Handouts  Enolate Chemistry

Chem 342Jasperse  Chapter 22 (Enolate Chemistry) Reaction Summary

PROTON as ELECTROPHILE (22.1)
OH

i base, ROH /&
1. t
Ph Ph

-Basecatalyzed keteenol equilibrium
-know mech (eithedirection)
-know impact of substituents on enol concentration

(@]
> base ROH
: *
Ph R
Y

H CH, H CHg CH3 H
optically active racemic
-Racemization of -chiral optically active carbonyls

-Mech

HALOGEN as ELECTROPHILE (22.3, 7)

O
3 )k/ excess Br, (Cl,)
. 4>
Ph base Ph

Br Br
-Base catalyzed halogenation
-with excess halogen, dlkhydrogens get replaced
-Mech

@] 9] O

| 1. 31,3 NaOH, H,0 ‘ |
‘L BT e
P

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 ELECTROHMILE (22.7)
O

1. LDA 0
6. )J\ _ J\: R
z 2. R-X \

Z \
-Enolate alkylation
-strong LDA base required to completely deprotonate carbonyl
-Mech
-Ketones, Esters, Amides, Aldehydes: doesnOt matter which kind of carbonyl
-unsymmetrical ketones give isomer problems
-Sv2 alkylation restricts B to active ones

O O
M 1 — 30 - I
OR 2 R-X R

\

-Enolate alkylation of 1;&etoester

-alkoxide base strong enough to completely generate enolate
-Mech for alkylation

-Sy2 alkylation restricts X

-position of alkylation is unambiguous

-acid-catalyzed hydrolysis/decarboxylation

O O
8 1. NaOR 30 heat O
. \.R
RO OR 2 R-X HO \:

-Enolate alkylation of 1,3liester

-alkoxide base strong enough to completely generate enolate
-Mech for alkylation

-Sy2 alkylation restricts X

-acid catalyzed hydrolysis/decarboxylation

-Final product is an ACID (Diestér Acid)

o o) H H
H,0", heat 6 ‘73) " o~
0. — €O,
z OH _co, z Z)&-l% o z)\
R R R R

-decarboxylation of a 3;carbonyl acid

-0z0 can be anything so that you end with a ketone, aldehyde, or acid at the end

-know the mechanism for the decarboxylation, and-eatdlyzed enol to carbonyl isomerization
-rate will be impacted by stability of the enol intermediate
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ALDEHYDE/KETONE as ELECTROPHILE (23-@)

0 OH (0]
base
H RoH / H
R
-Aldol Reaction
-Mech
o z OH O base, ROH 4 0O
11 R\)k RS R\)Z’ et o R
. Z <«--- 2 H | (or acid) X Z
R R

-Aldol Condensation

-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 ddwe@t

-Mech

7z OH O base, ROH

4 0]
12 R\)Z . i R
. ’ _—
’ H  (or acid) N Z

R R
-Aldol dehydration
-Mech under basic conditions
Q 0 oH o base, ROH o
13 )L + R\)k base )\ ’ heat
- —» r- —_— >
R H z R z (or acid) RN Z
R 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

-Mech
O
0 o) base, ROH
base heat
14. M — > —
H 17 (or acid)

HO
-Intramolecular aldol

-Mech
-many variations
-Normally only good for 5, 4nembered rings
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ESTER as ELECTROPHILE (23%
(0]
\)L S \)L
15 R
OR rom ROH #OR

-Claisen Reaction
-Mech
-Produces 1:&etoester

Aty 3 A,

ketoneor ester

-Crossed Claisen

-May include cyclic Claisen reactions

-If the OenolateO carbonyhiketone, get a 1-@iketone
-If the OenolateO carbonyl is an ester, getkelo@ster
-Mech

WITTIG REACTION (19.1)

o| o @ A X
)\ + >7PPh3 N >—(
A B v B y
® @
Br PPhs PPhs PPh
0 L 1PN ot= L L
R R, . R™ 'R, R Ry R™ 'R
2. BuLi (or some B C AL

other base)

Enolate Chemittry
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Chem 342Jasperse  Chapter 22 (Enolate Chemistry) Reaction Mechanisms Summary
¥ Note: in many of these reactions, | simplytevin ObaseO. But for specific reactions,
you need to recognize and specify the actual base that does the work.
PROTON as ELECTROPHILE
Ketone to Enol

77N
Lﬂase, ROH C? H-OR )Oi
P Ph)C@ TTOPhTN
o©
Ph/K
Enol Back to Ketone:
7SN
N © h
S/H base, ROH /l H-OR )?\/H
1.-reverse )\ - Ph < Ph
Ph™ X I
0

I
Ph)\@
Deprotonation/Reprotonation to Racemize an optically attighiral cente

(0]
base, ROH | /\ o

— H-OR
Ph S

Ph

H CH, CHy CHy 1

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

Basecatalyzedhalogenation. Sequentialdeprotonation/halogenatiamtil all the ! -hydrogens

are replaced.

¥ Note: addition of an electronegative, electmathdrawing halogen stabilizes subsequent

anion formation. As a rekuthe bromoketone formed after the first substitution is
actually more acidic and therefore more reactive than the original ketone. For this reason
you canOt just stop with a single halogenation under base conditions. (But you can under
acid conditionsvia an enol rather than enolate mechanism.)

(@] (0]
? base BrBr ? base | Br'er ?
3. R —_— —_— e
Ph Q Q Ph%(
H H excess Ph Ph H Br h Br Br
BI’2 Br

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

o G%\l(iPr)z 0] /\R-g'r o)
z )l\ﬁ )_(—\ Z )l\@ 7 J\R

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

2. OLDAO is lithium diisopropylamine, provides the nitroggon shown

3. strong LDA base required to completely deprotonate carbonyl. The base strength enables
the enolate to form completely, no equilibrium or reversibility issues.

4. unsymmetrical ketones give isomer problems. If theré drgdrogens on both lefind
right side of ketone, which will get deprotonated selectively?

5. S\2 alkylation restricts RX to active ones (ideally primary or allylic/benzylicE)

6. Sequencing: the LDA must be added first, allowing the enolate to form completely; then
the alkyl halide issdded subsequently. If you add the halide at the beginning, it reacts
with LDA

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

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

" R?HH?O )\@/(\ )yk
\

H
Test Responsible j
o |[O H', H o) OH H"H,O0 O
| Jl\ heat )|\ heat . |
R OR oH| |7 | R™ — R
R several 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

-Sy2 alkylation restricts X

-acid-catalyzed hydrolysis/decarboxylation

-not test responsiblefor the acid/catalyzedester hydrolysis or the keto-acid decarboxyation
mechanisms

-you are responsible for the aadtalysis enol hydrolysis (not detailed here, but was in Ch. 18)
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/T h

8. )>/k
RO OR @ Hor-
HH B
H
Test Responsible /
H+
Q|0 heat j?\ OH H*, H,0 CI)
I I heat —
RO)\(J\OR )\( oH| |— Ho)\ — Ho)\
R several enol R acid R
ester-ester feps aC|d acid
ester hydrolysis decarboxylation acid catalyzed
enol hydrolysis
\ Not Test Responsible / (ch. 18)

-alkoxide base strong enough to completely generate enolate

-Sy2 alkylation restricts X

-acid-catalyzed hydrolysis/decarboxylation

-not test responsiblefor the acid/catalyzedester hydrolysis or the keto-acid decarboxylation
mechanisms

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

o o bond (* - B
| | rotat|on co |
9. —2> S —
‘ OH = aqoml | 2 (ch. 18
R step enol R | mech) (I;?tone 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;8arbonyl acid

-0z0 cabe anything so that you end with a ketone, aldehyde, or acid at the end

-ratewill beimpactedby stability of the enolintermediatgmore highly substitutecenol alkene
is better; conjugated enol alkene will form fasterE.)

-since the mechanismdependson the conversion of the left carbonyl into an enol,
decarboxylationsare limited to 1,3-carbonylacids. If you havea 1,2-carbonylacid or a 1,4
carbonylacid (etc),theformationof anenolwill not be possibleandthe decarboxylatiorwill not
occur
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ALDEHYDE/KETONE as ELECTROPHILE

Simple Aldol Reaction giving a " -hydroxy-carbonyl. In which the samecarbonylfunctionsas
both enolate precursor and electrophile.

H

R%%

R R

-Deprotonateeactprotonate
-Notice in this casethat itOghe samecarbonylthat functionsas both the enolateprecursorbut
also as the electrophile

Aldol Condensationgiving an enone. In which the initial aldol product undergoes dehydration.
Aldol
formation
-The aldol productis formed as shownin mechanisml0. But underextendedopportunity or
heat, the product-hydroxy group is eliminated to give theosre.
-Ketones as well as Aldehydes can be used
-In ketone case, unfavorable aldol equilibrium is still drawn off to enone

b
SIS SIEIC R
(see #10)
-The elimination mechanism involves deprotonation to enolate, followed by hydroxide extrusion
-In Aldehyde case, can stop at aldofau donOt heat and/or if you stop quickly enough

General Dehvdration of-hydroxy Carbonyls to Give" -unsaturated carbonyls

Rd%j ﬂ% ﬁw\»

-Aldol dehydration

-Mech under basic conditions

- "-hydroxy Carbonylscan also eliminate water to give enonesunder acid conditions,via a
different mechanism.
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CrossedAldol Reaction,in Which One carbonyl compoundservesselectivelyas the Enolate
Precursor and a different one (usually aldehyde) as the electrophile

- - £, g
@ @ M¢ R%%

z

R R
¢ Deprotonate

¢ Eliminate
hydroxide
(see mech 12)

H O
R'\)j\,ﬁ)l\z
R
-Crossed Aldol (2 different carbonyls)

-Many variations, but there must be some differentiation so that one acts selectively as the
erolate and the other as the electrophile
-becausaldehydesaresomuchmorereactiveaselectrophilesandbecaus&etonesaresomuch
weaker as electrophilesand even when they do function as electrophilesthe addition is
reversible crossedaldolsbetwea ketonesandaldehydesvork well, with the ketonereactingas
the enolate and the aldehyde as the electrophile.

-The mechanismdor the addition and also the subsequenpossiblydehydrationare essentially
the same as for reactions-18.

Aldol Cyclization: Basicallya crossedaldol reactionin which both carbonylsaretied together,
and in which aldol reactionresultsin formation of a cyclic ratherthan an acylic " -hydroxy

carbonyl

0
M base jj @ﬁét“ OR S ? l
H RoH L :
\‘\/ e
o) o) ﬁ
e

-Intramolecular aldol

-many variations

-Normally only good for 5, 4nembered rings

-There are often multiple ! -hydrogensthat can give multiple different enolates. But since
enolate formation is reversible, reaction proceeds viartbkae that can:

reactwith the bestelectrophile. (Aldehyderatherthana ketone),andreactto give the bestring
size (5 or 6 membered rings >>snembered rings >>-34-, or !18-membered rings)
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ESTER as ELECTROPHILE
SimpleClaisenReaction giving a" -ketoester.In which the sameesterfunctionsasbothenolate
precursor and electrophile.

o) ©
15, @R @GOR RVC.EI\R/EOR — R\)?\inR

OR OR
R R

-Produces 1;&etoester

-The alkoxide usedas baseshould matchthe R-group found in the ester. For example,if the
esterOR groupis OMe, thenthe baseshouldbe NaOMe/MeOH. If the esterOR groupis OEt,
then NaOEt/EtOH should be used, etc.

-Following enolateaddition,the tetrahedralntermediatas *not* stable,andeliminatesalkoxide
to regenerate the carbonyl.

-Note: Underbasicreactionconditions,the keto-esteris normally deprotonatedo a stabilized
enolate. Following acidic workup, the enolateis reprotonatedto give the actual keto-ester
product. The enolate formation is actually crucial, becauseit Oprotects¢he ketone from

nucleophilic attack
o O o) K\ H* work O O
. | GbR o | Workup . |
& OR OR ' %orz
R R

H R H

CrossedClaisenReaction giving eithera" -ketoesteor a 1,3-diketone. In which eitheraketone
or an ester functions as the enolated precursor, and a different ester functions as electrophile.

16. l@» RHLZ R™ OR R.&\Z’\R/ﬁz - R')J\ﬁl\z

R

ketone or
ester

-Crossed Claisen

-If the OenolateO carbonyl is aoket get a 1;8liketone

-Whenketonesandestersare mixed, the ketoneusuallyfunctionsasthe enolateandthe esteras
the electrophile,becausea) the ketoneis more acidic, so makesenolatemore easily, and b)
addition/elimination to the ester is irengible, whereas addition to ketone is reversible

-If the Oenolate@arbonylis an ester,get a 1,3-ketoester. Thesework bestif only one of the
esters has-hydrogens, so that you have just one enolate available.

-May include cyclic Claisen reactions (see example below)

(@] (@]
(@] (@] (@) O
| | base @)I\/\gl\ I |
14 OR ROH OR > o - - -re
H 5%
R

OQ)R O
\/
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WITTIG REACTION

X A X _
19, /{B +Yﬁ@Ph3 B>_<Y (and O=PPh;)

T\

O—PPh
A8
A— Y A v
B X
B X
B @ PPh PPh
(er PPh3  PPhg 8 8
20. 1 /{\ Base -~
R F{1 Fg:H R1 R R-] R R1

Enolate Chertistry
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Ch. 22 Additions and Condensations of Enols and Enolate lons
A. Intro: What is in Common for the Follamg Reactions, and How Do They Woyk?
¥ You should eventually be able to drawvthe mechanism for these (and other)
reactionsk

Key Intermediate

O
NaOH
1 )J\/ + Br-Br Ph)J\/

Br

NaOMe O O

MOMe

2 XA, ~onw

CHs
NaOMe 9 OH

’ é )Y
0 NaOH o

o) O
O O
5 CH, + )k NaOMe
MeO)K/ MeO Ph MeouPh
CHj
Q NaOH
H CH,4 H CHS H3C H
optically active racemic mixture
Things in Common KEY:
1.
2.
3.
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TYPICAL MECHANISM: ViaENOLATE Anion

SV |

9 o O
i '/{%R (Base) i H)J\Ph J\I/K
tH AR Ph
Z)K\/) Z)J\@
NS,

By
Z = H (Aldehyde)
Z = R (Ketone) MeO Ph
Z = OR (Ester) o & U
|
I —_— :
o Zka%h 2
. OMe
@)
E)rr]]olate )H, (original stereo
7 !
H,0 ! forgotten)

AN

Under base conditions, a carbonyl compound with an ! -hydrogen can be
deprotonated to give a resonance-stablized, delocalized GenolateOanion, which

iIsnucleophilic at the! -carbon.

¥ Normal C-H bondsare very nonacidic. But C-H bonds! to a carbonylare much more
acidic because the resulting anion soance stabilized and is shared by the oxygen.

O
)J\!/ H A
Kq=1020 Kq=10"0
‘ |
O
NO
Stabilized Unstabilized

¥ The! -carbonhastwo otherattachment$n additionto the carbonylandthe H shownin this
page. Theotherattachmentsvill remainattachedasspectatorsandneedto be accountedor

in drawing prodats.
¥ | -Hydrogens are only slightly less acidic than is water or alcohol hydrogens
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¥ B: Acid/Base Considerations (Sections 22.5) Acidity Table

Acid Base
Class Structure Ka Strength Anion Strength
Strong H-ClI 107 )
Acids Cl
Carboxylic 0 10° j\
Acid J\O
R H R Oe
Phenol ©/OH 10%° )
1,3-Dicarbonyl| O © 10* O o©
MOME MOMG
H
Water HOH 10
HOe
Alcohol ROH 10% o
RO
Ketones and 0 10% o]
Aldehydes M )%
Ester o) 10% o
H\a)kowle é)J\OMe
. . 33
Amine (N-H) (iPr),N-H 10 (iPr),N @Li®
OLDAO
Alkane (GH) RCH3 10°° O
RCH»
© o : . : : .
H-A +B A~ +B-H Relative stability of anions dictates equilibrium

Notes to remember

Enolate Chertistry

1. Carbonyls acidify -HOsdnion stabilized)

2. 1,3Dicarbonyls are much more acidic than monocarbonyls (anion is more stabilized)

3. Ketones are more acidic than esters

4. A OlowerO anion on the chart can favorably deprotonate any acid thatOs OhigherO on chart.
Because any acidase equibrium will always favor the more stable anion.

5. OLDAO is strong enoughdmmpletely deprotonatdetones esters or 1,3dicarbonyls

6. NaOH, NaOR cagompletely deprotonate &,3-dicarbonyl (but not ketones or esters)

7. NaOH, NaOR dmot completely deprotoniaketones or esterbut do provide a usable

equilibrium supply of the enolate that can procede to product in some reactions.
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1. Rank the acidity of the hydrogens at the labeled positions, 1 being most acidic. Draw the
three anions that would result frompdetionation at the three spots, and any pertinent
resonance structures.

O O c
a b
P CE

2. For the following compounds, record to what degree they would be deprotonated by )
NaOCH; or LDA [LiN(iPr)] respectively. The basic choices are OtotallyO (>98%), OzeroO
(no enolate whatsoever) or OslightlyO (definitely some equilibrium amount, but <10%).

0 O O 0 o
Ph\)J\ )J\/g\ Ph)cj:\Ph )]\/\
A D
LDA:
NaOMe:

C. Enolates and Enols: Protons as Electrophile (22.1)

PROTON as ELECTROPHILE
OH

i base, ROH /&
1. t
Ph Ph

-Basecatalyzed keteenol equilibrium
-know mech (either direction
-know impact of substituents on enol concentratio

Notes:
Rapid equilibrium exists between the keto and the enol form
Both acid and base catalyze the equilibrium
All carbonyls with! -hydrogens can equilibrate with enols
¥ But if there are nd -hydrogens, a carbonyl caot have any enol (or enolate!)
Ranking the population of enol:
a. Normally, <5% enol will be present in solution, and >95% will be in the ketone form
b. No! -hydrogend no enol
c. Two factors can stabilize enols and enrich the equilibrium enol population
¥ Hydrogen bonding of the enolB to some other heteroatom (stabilizing)
¥ Conjugation of the enol alkene (stabilizing)

wN e

»
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3. For the following compounds, draw the best possible @nahy) rank them according to
which would have the greatest amounenbl isomerpresent at equilibrium, 1 being most.

0 O O 0 o
Ph\)J\ )J\/g\ Ph)cj:\Ph )J\/\
A D

Mechanism for Bas€atalyzed KeteéEnol Equilibration: )
4. Keto-Enol Mechanisms (use hydroxide as base, but many bases will doE)
a. Draw the mechanism for conversion of the keto form to the enol form
0 OH

H - Ph
“Ph

b. Draw the mechanism for conversion of the enol form to the ketone

Racemization of -chiral Compounds via Enolates

-Racemizationof ! -chiral

0
2. . _base ROL optically active carbongl
Ph R -Mech

H CH, H CHg CH3 H

optically active racemic
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D. Halogen Electrophiles (22.3Skip 22.4)

Enolate Chertistry

HALOGEN as ELECTROPHILE

Ph

0]
excess Br, (Cl,)
4>
base Ph

Br Br

-Base catalyzed halogenation
-with excesshalogen,all ! -hydrogens
get replaced
-Mech

5. Draw the product and mechanism for the following

O Br,, NaOH

Ph)H/ o

6. Draw products for the flwing reactions

0
2 Br,, 2NaOH
Ph)J\/
H,0
o 3 Cl,, 2NaOH

)§< H,0O

Polyhalogenation versus monohalogenation

¥ Under base conditions, if you add only one equivalent o{d@rCL) when an -carbon
has more than orie-hydrogen, clean monrbalogenation (produd@) does not occur

¥ Instead messy mixturessult

¥ The major product is polyhalogenatét) (combined with a bunch of unreacted starting

material A)

¥ Why? Because the electramithdrawing halogen makes prodiimore acidic
(resulting in faster enolate formation) than the starting matrial

0 1 Br,, 1 NaOH Q
2,
+
! Ph)J\/ Ph)g(
A H>0 H H
less reactive A
toward enolate 45%

formation less reactive

towarq enolate
formation

(@] (@]
Ph)g( * Ph)g(
Br H Br Br

B C

10% 45%

more reactive
toward enolate
formation
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Acid-Catalyzed Monohalogenation (not for test)

0 o -Acid-catalyzed halogenation
5 )k/ Br, (Cl,) -can achieve selective monc
Ph acid Ph halogenation
B’ 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 electronwithdrawing anion stabilizes and accelerates enolate formation, but destabilizes
and decelerated enol formation
1 1Br2 1 ()& )Y Br “Br H -H )S(
Ph —
A H,0 Ph Ph Ph @ Ph e
more reactive Hz  gnot H Br
toward enol B
formation less reactive
toward enol
formation

The lodoform Reaction:

¥ A Chemical Test for methyl ketones (unknowns problems)
¥ A synthetic technique for converting methyl ketones to carboxylic acids

o]

0 0
| 1. 315, 3 NaOH, H,0 ‘ ‘
4. )\ + CHlg| — )\ + CHI3
Ph 2. H* Ph ONa Ph OH
after basic step one after step two acidification
¥ You lose one carbon
¥ This only works for methyl ketones
¥ The chemical test involves formation of GHllodoform), which is a yellow precipitate (and
smelly)
¥ Mechanism (not for test):
Q o o)
S-S ¢ - W R |
Ha ireversible R CH2| irreversible R™ "CHI,
o anion anion, .
l OH resonance resonance NOH
reversible ©
o OH O I 0]
J A | o
/}\ bld R” “Clg irreversible R ~Cl,
R CH3 reversi
OH
irreversible
o} o)
Q. — .
RJ\OH + Clg R)Lo@ + CHI3 Yellow Solid
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7. Draw products for the following reactions

0
2 Br,, 2NaOH
Ph)J\/
H,O
i 1. 31, 3 NaOH, H,0
Ph .
2. H

E. Enolate Alkylation: Alkyl Halides ofosylates as Electrophiles (2p.7

Alkylation of Monocarbonyls: Use strong, bulky LDA [LiN(iB})as base

0 0
! 1. LDA D
6. A P Z)\\_\R

Sn2 alkylation reaction restricts-R (or ROTS) to actie, 1%&lectrophile
Ketones, Esters, Amides, Aldehydes all work, so long as they hdwhyrogen
that can be deprotonated
¥ For unsymmetrical ketones, isomer problems can occur (which enolate forms?
3. Predict the products: Attach the electrophile R group tb tbarbon
¥ This is a substitution reactioh:C-H + R-X ! ! -C-R
4. Mechanism: Deprotuate first, add the electrophile second

¥ Treat LDA as© NR,

=

Practice Draw products and mechanisms for the following alkylation reactions.

O 1. LDA

8. ph)J\/Ph 2. Me-l

O 1. LDA

10. /\)J\/ 2. Me-l
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Acid Base
Class Structure Ka Strength Anion Strength
1,3Dicarbonyl| © O 10 0O O
MOME MOMG
H
Water HOH 1016
HOe
Alcohol ROH 10Y o
RO
Ketones and 0 10%° 0
Aldehydes )@H )J\!@
Amine (N-H) (iPr),N-H 10 (iPr)zNeLi®
OLDAO

For Monocarbonylswhy mustwe useLDA asbaseratherthana normaloxygenbase(NaOHor
NaOCH;) or a simpler Nitrogen base (NaiH
| LDA is strong and bulky |

1. BaseStrength: theLDA basemustbe strongenoughto completely deprotonatehe carbonyl
before the electrophile is added
¥ With oxygen bases, the equilibrium favors the oxygen anion rather than the
enolate, and itOs just the oxygen anion whieleks the electrophile

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

Oxygen Base Nitrogen Base
O o o) O o e}
M n +Sor M © +Hor I H + R, M © +Hnr,
| Rx | Rx

2. Base size A bulky base favors deprotonation over nucleophilic attack
¥ Comparable to E2 versugScompetition

Bulky Base (LDA) Small Base
o]
O — ©
)K/H +ON — )JVH T TNH,
)* small
LDA, bulky
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Enolate Chefaistry

Alkylation of 1,3dicarbonyls: Now oxygen bases are fine

7 T 1. NaOR 2 H,O", heat Q
o N I 0", heat
OR 2- RX OR \\:R
_T_
O (0]
8 M - NaOR M 30 hees i
. \ ’R
RO OR 2 R-X HO \;

Stage One: Alkylation of a I-Bicarbonyl

S

S\2 alkylation reaction restricts-R (or ROTS) to active, 1&lectrophile
The dicarbonylan be a 1,3liketone, a 1,3 ketoester, or a-tlj@ster
Predict the products: Attach the electrophile R group tb-terbon
Position of alkylation is unambiguous: in between the two carbonyls
Mechanism: Deprotonate first, add the electrophile second

¥ © OR bases are fine, no need for LDA

Stage Two: Acid/water hydrolysis of any esters, and decarboxylatib@-ofrbonyl acids

H,0t, O O o) 1. Upon treatmentwith H,O/H", any
)\H\ heat_ )\H'\OH S )'\ esters hydrolyze to carboxylic acids
R R 2. Underheatconditions,a 1,3-carbonyl
ketoester - ketone " A
ketoacid acid (whether ketoacid or diacid) loses
one CQ via an enol mechanism
H30+ (@] (@] O
)YK heat_ M |
OH =™ HO
R R
dlester diacid acid
_ - —
3O heat ? 6‘ "O) ca o~
9. -
W e N
R R R
1. Decarboxylation of a 1;8arbonyl acid
2. OZO can be anything so that you end with a ketone, aldehyde, or acid at the end
3. Mechanism responsibility

a. Be able to write the acidatalyzed enol to carbonyl isomerization (see chapter 18)
b. Know that an enol is involved in the radetermining step

¥ -rate wll be impacted by stability of the enol intermediate
1. conjugation of the enol alkene will help

2. hydrogenbonding of the enol @ will help
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11.Which of the following would undergo decarboxylatioAnd which would go fastest?

O O @] (e} @] @]
A B O C o D Ph

Draw productsfor the following alkylation reactions,often involving ester hydrolysesand

thermal decarboxylations.

1. LDA

1. NaOEt

2. Bra_~_~

=

. NaOEt
2. Br_~_~

3. NaOEt
4. BrCH,CH=CH,

[y

. NaOEt

2. Br\/Ph

3. H*, H,0, heat

1. NaOEt
2. Br\)\

3. H*, H,0, heat
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0 1. LDA

/\)J\OEt
17. 2. Br\/g

Some Synthetic Strategy Tips

¥ Alkylation resulting eventually in aacid: from 1,3diester, via NaOR, then subsequent ester
hydrdysis/decarboxylation

¥ Alkylation resulting eventually in mmono-ester. from ester using LDA

¥ Alkylation resulting eventually in mono-ketone, where unambiguous deprotonation was
possible: from ketone using LDA

¥ Alkylation resulting in anono-ketone, whereunambiguous LDA deprotonation wouldt
have been possible: from ketdster using NaOR, then subsequent ester
hydrolysis/decarboxylation

Provide reagents for the following:

o o o

18. EtO)J\/U\OEt HO)J\/\Ph

)

(0]
19. Z

20.Shown below are two possible precurs@randB for making targeketoneC. One works
well, the other has a problem. Which is the good precursor, and which precursor/route will
have problems?

1. NaOMe o L LDA o
O O :
Route \)J\/M 2. Br 5 \)J\ R%ute
A ' - Br
OCHg3 k K B
A Ph C Ph Ph
3. H,0, H*, heat
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F. Aldehydes or Ketones as Electrdpbi The Aldol Reaction (23.8)
The basic aldol reaction: in which the same aldehyde functions as both enolate and

electrophile, and in which'a-hydroxyaldehyde is produced. (23.1

(@] OH (@]
base
H  RoH ’ H
R

21.Try to draw the mechanism for the following.

\)Ci NaOH OH (?

H H,0 ’ H

Notes:

a. Product: " -hydroxycarbonyl
b.

One carbonyl converts to an enolate, another in its neutral form functions as electrophile

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

Products and spectators: Thearbon loses an H to make the enolate, but otherwise both

the enolate and the electrophile retain all their spectator attachiment

3-step mechanism: deprotonate (to make enoiatejct (with electrophile protonate

¥ the reaciprotonate steps are like normal Grignard addipostonation

Aldol formation is reversible: favorable equilibrium for aldehydes, not for ketone

With kebnes, either you donOt isolathydroxycarbonyl. Either you proceed on to alkene

(see below) or else you just recover starting ketone

Aldol Condensation In whicha" -hydroxycarbonyis formedbutthenis pushedon via lossof

H and OH to produce an OenongO-(insaturated carboryl(23.3

o i z OH O | base, ROH z )
base heat
e Jo o [ AR e
Z -~ ¢ H | (or acid) X yA
i R | R

Elimination is irreversible

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 donOt heat

¥ To force toward the enone, give extra timeegtra heat

Two ahydrogens must be available for removal; otherwise product retains all spectators
Mechanism required
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General Process for Dehydration of -Hydroxy Carbonyl Compounds (23.3

z OH O base, ROH y4 [o)
heat
12 R\)Z/ —» R
’ H  (or acid) X Z
R R

¥ We will focus on the base/enolate mechanism
¥ But this elimination is also possible using acid catalysis, via a different mechanism

22.Try to draw the mechanism for the following.

OH O NaOH

| N

CrossedAldol Reactions: Using 2 Different Carbonyls, One of Which Functions asNeutral
Electrophile (normally an aldehyde) and the Other as the Nucleophilic Enolate

(23.9
base, ROH 0
13 )L Jk base heat
7* (or acid) '/\sz
R

a. Mechanisms required
b. Many variations, but there must be some differentiation so that one carbonyl actsedglecti
as the enolate and the other as the electrophile
1. If one carbonyl lacks any-hydrogens, it canOt be converted to nucleophile and can
only function as electrophile
2. Aldehydes are much better electrophiles than ketones
¥ When ketones do function as electrophiles in aldol reactions, the reactions
usually just reverses itself anyway
3. Sonetimes conjugation favors formation of one enolate over another

Ring-Forming Aldol Reactions (23.6

base, ROH

M 5 heat

(or acid)

HO

a. Intramolecular crossed aldol reactions
b. Electrophile: if one of the carbonyls is an aldehyde, it will function as the electrophile
c. Normally only good ér 5, membered rings

¥ If more than one enolate can form, use the one that could produce &ing
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Aldol Examples: Aldehydes/Ketones as Electrophiles

5.

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

O
)]\H cold )\)J\H warmup /\)J\H

O NaOH, H,0O OH O NaOH, H,0 0

Ph Ph Ph
A, = LA, e, A,

Ph Ph

With aldehydes, you can usually stop at'tHeydroxy carbonyl stage or proceed on to the
I," -unsaturated carbonyl, depending on time and temperature.

@) 0
NaOEt EtOH NaOEt, EtOH P
Heat

With ketones as electrophiles, the aldol reaction to givé-gdroxy carbonyl is normally
reversible with an unfavorable equilibrium.oWever, while it is not possible to isolate high
yields of the' -hydroxy ketone, further dehydration to give the enone is irreversible and can
give good yields of the enone.

O

0
NaOMe OH O NaOMe o
>%J\H NN WJ\

(';/FOH MeOH ~
o Ph warmup Ph
more time

With two different carbonyl compounds, one must function selectived@as enolate
precursor, and the other as the electrophile.

Since aldehydes are much more electrophilic, when mixed with a kb®aédehyde wl
always be the electrophile

If there are more than one site where an enolate might form, the most acidiatsiteuld
give a stabilized anion will form preferentially

0]

o)
NaOEt OH o
Ph)J\H + \)J\OEt i NeOR
EtOH Ph/H/U\OEt EtOH Ph” " OEt
0°C warmup
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 samesgexampl
1-3) or different (examples 4 and 5)

Loss of anl -H, replaced by ah" C-C bond.
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All of the following molecules can be made by an algple reaction or an alddype
condensation (aldol followed by loss 0§®). Draw the carbonyl compound or corapds

from which each is derived.
OH O o)
. , |+
example: Ph)j’w)ko/ : Ph)

Strategy: (23.5)

O

A

¥ Identify the carbonyl in the product, and mark off which ard tlamd" carbons.The key

bond connection wll have been betveen thel

and" carbons

¥ " was originally a carbonyl (the electroghgarbonyl)
¥ | originally had HOs (it was the enolate carbanion)
¥ Note: any attachments on thd _and" carbons are spectators If they are there at the

end, they must have been attached at the beinning!

27.Draw the mechanism for étfollowing reaction.

@) o NaOMe O OH

+
)J\ lph MeOH Mph

0%
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Provide products for the following aldol reactions.

o NaOH, H,0

28 Ph H  cold
(@]
NaOMe, MeOH
ij heat
29.
0] 0] NaOEt
Ph)J\H * EtOH
30 OOC
o o) NaOEt
31. e
9 NaOH
MH
H,O
32 cold

NaOH, H,0

heat

NaOH

H,O
hot

NaOEt

EtOH
heat

NaOEt

EtOH
heat

NaOCH,

HOCH3
hot

Enolate Cherastry

34.Draw the mechanism for phase one and then phase two of the reaction in problem 30.
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G. Esters as Electrophils. The Claisen Reaction (23—9)
O
base
15 R \)L
OR ROH

-Claisen Reaction
-Mech
-Produces 1:&etoester

Aol L

ketoneor ester

-Crossed Claisen

-May include cyclic Claisen reactions

-If the OenolateO carbonyl is a ketone, get-dikeBone
-If the OenolateO carbonyl is an ester, getketo@ster
-Mech

Mechanism: enolatlrmationbaddition to ester carbonflelimination of alkoxy anion
35.Draw the mechanism for the following reaction. (Claisen reaction).

o NaOCH; o o

OMe HOCH3 NOMG

Notes
a. Product: " -keto ester (or ketone). THecarbonyl was an ester, and thearbon was
enolate
b. In adual laboratory, an acid workup is always required
¥ The product, which has a igscarbonyl, is actually more acidic than anything else, so it
also gets deprotonated to the enolate; acid required to reprotonate it
¥ The enolate of a 1;8icarbonyl is too stdb to attack esters, so it doesnOt compete as a
nucleophile
c. Mechanism: doesot involve direct K2 displacement on ester; addition to the carbonyl first
to make a tetrahedral carbon (just like a Grignard addition) is followed by rapid
fragmentation of thalkoxy group
d. In 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 convertettates
¥ While ketones are more reactive as electrophiles, addition to ketones is reversible and
doesnOt lead to product; whereas addition to esters leads irreversibly to product
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Provide products or reactants for the following Claisen reactions.

O O

|
Meo)YK/
36.

O NaOCH,

Ph/\)l\

37 OMe  HocH,

©) NaOEt

YJ\OEt HOEt
38.

e} 1. NaOMe, MeOH

\)J\OMe 2. NaOMe

39 3. BrCH,CH=CH,

e} 1. NaOMe, MeOH
\)J\OMe 2. NaOMe
3. BrCH,CH=CH,

40. 4. H*, H,0, heat

o o 1. NaOCHjz, HOCH,

MeO OMe
41. 2. HY, H,0, heat

O NaOMe

0
Ph)J\OMe+ \)J\OMe MeOH

42.

O o) NaOMe

' \)J\OMe MeOH

43.

Enolate Cher3i&try
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H. The WITTIG REACTION. A processinvolving carbonylsfor coupling carbonsto make
alkenes. (19.11

¥
¥
¥

a.
b.

C.

No enolate chemistry is involved
But this is process is complementary to the aldol condensation for making alkenes
Very Pawverful route to alkene synthesis

O X ®
19. //U\ ¢ O Bon, _
A B v

The carbonyl can be an aldehyde or a ketone

Phosphorus OylideO: a molecule with adjacent positive and negative charge, but overall
neutral

The ylide carbon is strongly nucleophilic

Ylide Preparation:

@
Br PPhg PPhs Dppn
3
20. J_ 1 PheP lo = N via H
R

R™ Ry : R R Ri R” R
2. BuLi (or some B C A

other base)

PPh is a decent nucleophile, produces phosphonium Aalt (

Alkyl bromide is best 1{&2 mechanism), but 2%n also work

The phosphonium sals are weakly acidic and can be deprotonated by strong base (LDA

also works) to produce Wittig reaget

Wittig ReagenB is really in resonance with version C

¥ B helps explain why the carbon is so nucleophilie

¥ Cis good for predicting alkene products

Bromide precursors for Wittig reagents are often available from alcohols, ia PBr

¥ PBr; DPPh - BuLiis a common sequengar converting alcohols into Wittig reagents

¥ PCC or HCrO4 is a common conversion for alcohols into aldehydes or ketones (Wittig
acceptors)

Draw the product, reagent, or starting material for the following Wittig reactions.

Combo 1: \\\\\\\\\\\\*
PN
//////////’

44, Combo 2:
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1. PheP
2. BuLi

B
45 3. Benzaldehyde

OH

1. H20r04 2.

46.
1. PBrj
- =
3. BulLi
4. acetone
47.

General Routes to Make Alkenes
¥ Wittig Reactions.
o Very general
o Useful for making more elaborate organics, because two subcomponents can be
coupled to make a larger product.
o0 Technically longer and more difficult than an aldol condensation, so shoube not
used to make enones when an aldol condensation could be used instead.
¥ Aldol Condensations
o Great for making enonek'( -unsaturated carbonyls). But limited to making
enones.
o If you see an enone target, make via aldol condensation.
o Useful for making rore elaborate organics, because two subcomponents can be
coupled to make a larger product.
¥ Elimination reactions (from either halides or alcohols).
0 Not useful for building up carbon chain lengths. Simply involves transforming
one functional group intonather.
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48. For the following alkenes, which method should you use, and what would be the immediate
precursors that would be suitable?

PhA\)J\

49. Synthesis design. Design syntheses of the following products, startinglroinols of 4
carbons or less Some ky reminder reactions:
¥ PCC for oxidizing 1®cohols to aldehydes
¥ H,CrO, for oxidizing 24%lcohols to ketones
¥ PBr; for converting 1%r 2%alcohols to bromides needed for making Wittig reagents

O

VﬁAH

YT
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