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Synthesis of Ketones amddehydes

OH
O 0 11.2
H,CrO,4
2 Ph)\ o )k
1. BHa¥THF PCC 57
3 | PR ph O pp O
2. NaOH, H,0,
H201 H+ OH H2CfO4 O 84
o — Os 8.15
S) X ‘ \/g + 0y
2. Me,S o) X
j)\ 1. RMgBr OH H,CrO, )oj\ 10.9
Aldehyde Ketone
7 Ph” “OR 2. H* Ph/||_|\H Ph” ~H
acid or ester aldehyde
NaOH PCC H 6.8
8 | R Br R” O OH R/&O
id OH 0 6.8
NaOH H,Cro
9 \)\ \)\ 2Cr0, \)k
ng+, H,O OH H* H.O O 9.9F
Ph—C=C-H Ph/& 2 Ph)]\
10 H,S0,
"enol" MECH Ketone
Markovnikov -
Addition
9.9F
1. (Sia),BH ~__OH @OH, H,O o
2. NaOH, H202 "enol" Aldehyde
Anti-Markovnikov
Addition
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2
o) . o . .
)L 1. 2 RLi L|O><OL| acid HO><OH H*, H,0 i
carboxylate tetrahedral tetrahedral ketone
anion dianion hydrate
i R,CuLi o)
| PO oo n 18.11

acid chloride ketone
o 0

H M |

R™ CI R Aromatic ketone
14 AIC] (from the aryl group's perspective) 18.11
3
O 0]
PR Ar-H, AICl,
R Cl ~ R Aromatic ketone
acid chloride (from the acyl group's perspective)
1.RM
15 Ph\CN oBr [ph. R ﬂ: Ph\ﬂ/R H*, H,0 Ph><R H*, H,0 PhYR 18.10
Nitrile 2. H*, H,O N NH HO NH; o)
2 © wimine” MECH] “tetranedral (MECH ketone
"aminol"

1. KCN Steps 2 + 3

A PN ps R

Primary Bromide 2. RMgBr Nitrile 0]
3. H*, H,0 Intermediate
(after step 1)
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Reactions of Ketones and Aldehydes
o) S
19 L 1. RMgBr o Protonate OH 18.12
R” "R RTR | /7 .
R7I°R 10.9
aldehyde 2 H’ R _ R
or ketone anion intermediate
Anionic
Mech: AdditiorProtonation. Strong nucleophile, Strongly anionic. Irreversible
0
20 Py NaBH,4 f Protonate OH 18.12
R™ R or RTISR |7 R-/\\R 10.11
aldehyde LiAIH H
or ketone 4 anion intermediate
Anionic
Mech: AdditiorProtonation. Strong nucleophile, Strongly anionic. Irreversible.
o) S
21| J KCN,HCN j\ Protonate OH 18.15
RO R | R7IeN | T r7en
aldehyde R R
or ketone anion intermediate
Anionic
Mech: AdditionProtonation. Medium nucleophile, Weakly anionic; literg
buffered. Reversible.
0 H,O, OH" OH "Hydrates" are present only
22 R'J\R z 4\ as transient equilibrium species. 18.14
ldehvd R ! "OH They never form to 100% and are
alcenyae never isolable. Always in equilbrium
or ketone tetrahedral their aldehyde or ketone
"hydrate" )
Anionic
Mech Forward: AdditiorProtonation. Nucleophile, anionic mechanism. Revers
Mech ReverseDeprotonatiorElimination. Anionic mechanism. Reversible.
j\ H,0, H* OH "Hydrates" are present only
23| g R : 4\ as transient equilibrium species. 18.14
aldehvde R "OH They never form to 100% and are
or ket)éne tetrahedral never isolable. Always in equilbrium
tetrahedra with their aldehyde or ketone.
hydrate
Cationic

Mech Forward: ProtonatieAddition-deprotonation. Weakly nucleophile, catiol
mechanism. Reversible.
Mech Reverse: Protonatidglimination-deprotonation. Cationic E1-type
mechanism. Reversible.
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OH
Y )OL ROH, H* 1 ROH, H* OR 18.18,
R” R - R OR - R”LOR 18.19
aldehyde H>0, H tetrahedral H,0, H acetal
or ketone "hemiacetal"
Cationic

Mech Forward: ProtonatieAddition-deprotonation (hemiacetal) Protonatic
eliminationadditiondeprotonation (acetal). Weak nucleophile, catic
mechanism. Reversible.

Mech Reverse: ProtonatiorEliminationrAddition-deprotonation. (hemiacetg
protonatioreliminationdeprotonation (aldehyde or ketone). Reversible.

Notes:
¥ Reactions are reversible
¥ ThehemiacetdDis an intermediate, and can never be isolated
¥ The acetatanbe isolatd.
¥ Equilibrium considerations (LeChatek&mrinciple) apply. When water is

plentiful, things go to the left. When water is scarce or removed, and al
is abundant, things drive to the right.

¥ Use HBO/H" to hydrolyze an acetal back to an aldehyde or ketone
¥ Use MeOH/H to convert an aldehyde to an acetal
¥ Use HOCHCH,OH/H" to convert a ketone to an acetal
¥ Aldehydes or ketones can be temporarily OprotectedO as their acetals,
later OdeprotectedO by hyyss
0 N OH N NZ
25| J| _ANHH A HW M0 ) 18.16,
R™ R =———— R NHZ R "R 18.17
aldehyde H20, H", -ZNH; hedral H20, H* imine
or ketone Itgtr:]a}nglnra
Cationic

Mech Forward: ProtonatieAddition-deprotonation (aminol) Protonatio
elimination deprotonation (imine). Mild nucleophile, cationic mechanism, buff
conditions. Reversible. Note: sometimes addition precedes protonation
concerted with pramnation.

Mech Reverse: Protonatighddition-deprotonation (aminol) Protonatio
elimination deprotonation (aldehyde or ketone). Reversible.

Notes:
¥ 0zO can be a carbon, nitrogen, oxygen, or hydrogen atom/group.
¥ The@minolOcanlt be isolated, it@b/gpresent at equilibrium.
Equilibrium factors apply. Water drives to the carbonyl side; removal of \
drives to the imine side.
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O H,CrO, or Ag™ etc. o
26| I, o 18.20

No Mech Responsibility

OTollens testO is a common chemical test for aldehyde§.unl€lgrgpes redo
reaction with aldeydes to produce shiny Ag metal, or a Osilver mirrorQO.




Chem 36QJasperse Ch. 18 Notes. Aldehydes and Ketones 6

Ch. 18 Mechanisms
Some New Mechanisms Associated with the Syntheses of Aldehydes and Ketones

1 2 ,H O
- - . OH + o
H Ht
10 o\ s K . ¥ AN
n n MECH =] CH
Protonate Deprotonate
Enol to Carbonyl, Acid Catalyzed on Carbon Oxygen

S)
I {2 /o o

OH (@)
11 ol MECH Ph” Ph X~ Ph/\<§) ph” NF
"enol" Deprotonate I Err]otonate
Oxygen Carbon
Enol to Carbonyl, Base Catalyzed _
Ph
HO><OH H*, H,0 O ’
12 ph” R )]\ HO_ OH + O~
Ph” "R P H* HO_\ OH, ) o
tetrahedral |MECH] ketone P R — X /é —
"hydrate" Ph R -H,O Ph R Ph R
protonate eliminate deprotonate
Acid-catalyzed elimination of
hydrate to a carbonyl
Ph. . 1. RMgBr Ipy Rl y+*|Ph_ _R| H"H,O |ph_. R |H"H,0 | Ph_ R

Y Py =
Nitrile 2. H*, H,O N NH HO  NH O
2 © wimine” MECH ) "~ etranedral (MECH ketone

"aminol"

NH3 p,  R-H*Ph__R

Ph R Ph

Ph R 11— —_— —

+ NH \~/ HO><NH2 H* HO><<5H3 @Y E
NH H @2 NH, K_) H/&

U "aminol"

Py

protonate add deprotonate protonate eliminate deprotonate
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Ph._R H"HO Ph_ R (2
H
T\TH MECH HO><NH2 Ph___R Ph @ Ph @ R
15 - tetrahedral \ﬂ/ - \ﬂ/ \i/ -

phase imine “aminol” NH W @,)\”_'2 NH,
1 Acid-catalyzed addition of wate  (__ J
to an imine
protonate add deprotonate
] “NH .
Ph. R H%H,O | Ph_ R Ph R | Ph__R 3 Ph.__R-H*Ph__R
< Dl VAT Tt e G
15 HO  NH, o HO NH; HO (5 3 @ o)
phase tetrahedral (MECH ketone N J H
2 "aminol" aminol
Acid-catalyzed elimination o -
protonate eliminate deprotonate

amine from an aminoto give a
carbonyl

Review: Several Pertinent Mechanistic Principles
1. Recognize anionic mechanism@hen a strong anion is involved)
¥ In an anionic mechanism, a strong anion will drive the first step
¥ In an anionic mechanism, intermediates should apositive charges
¥ Recognize anionic species even when they are disguised by a cationic metal
counterion.

2. Recognize cationic mechanisms
¥ Recipes that involve acid will be cationic
¥ In a cationic mechanism, the first step will routinely involve protonation
¥ In a cationic mechanism, the last step will frequently involve deprotonation to
return to neutral
¥ Normally the main step or steps are sandwiched in between the protonation and
deprotonation events

Focus on bonds made and broken

Draw in hydrogens on carhs whose bonding changes

Keep track of lone pairs on reacting centers (in your head if not on paper)

Always draw in formal charges where appropriate

Arrows show electron flow, from giver to receiver

A good mechanism illustrates not only where electronssgoonds change, but also

the timing of bond changes. Avoid drawing bond changes that occur at different times
as if they occur in the same step, i.e. as if they were concerted.

©NOO O AW
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Some Mechanisms Associated with the Reactions of Aldehydes and Ketones
o 1. RmMgBr OH
19

- Py f\
R” "R"2. H0* R g

Grignard Addition of a Carbanio

H+ OH
’ R'/ILTR
Add Protonate
Q NaBHs, ROH  On o or O d
20 N N o OH
<o ol Lo | L
aldehyde ~ OF R'GRRTR R7IR RIR
or ketone 1. LiAlH, Add H H
+ Protonate
2. H
Hydride addition.
X e S
+ HCN 4\ m O o OH
21 R R en b I e
- o R R™ R RLTCN R7I>eN
HCN addition, anionic mech A Protonate
o) ] OH /\

2 moor| P L Corm R % on
R” "R R'“ I OH .)k 4\ H-OH 4\
aldehyde tetraFriedral R R R OH R OH
or ketone "hydrate" Add Protonate

Water addition, anionic mech
22 T o) H
OH 1o o )y o of [ ©o o
" rbon - | Sk
R7ISOH | R™ 'R R./i\OH T |—
F; r aldehyde R R R
tetrahedra or ketone Deprotonate eliminate
hydrate

)
R™ 'R —= R'/\\OH
aldehyde R

OH OH
i C)L o b G,
tetrahedral R R OH2 R R OH
or ketone "hydrate” protonate ADD
Water addition, cationic mech

deprotonate

23 OH |

o}
H,0, H* /}\ OH
R/IL\OH ] R'J\R OH —» R

| aldehyde
Itletrahedlr'al or ketone
hydrate

_H
) O
® . 1

RL,OHz R')@\R R'J\R
eliminate deprotonate

protonate
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O
24 )J\ ROH, H* /T\R
R’ R R' R OR
aldehyde
or ketone acetal
Acetal formation
OH
H+ C )L ROH H 4\ Phase 1:
OR —|R" " 'OR Hemiacetal Formation
R (an addition reaction)
protonate H hemiacetal
deprotonate
Phase 2: O/\I—@ (OH ¥~ O\ H® OR
Hemiacetal /|\ —~ @ ROH “OR 4\
to Acetal R"IOR|l=— R7ITOR™ p'T 4\ -— R7ITOR
(a substitution R R RROR R7LOR R
reaction) hemiacetal eliminate add deprotonate
protonate
24r OR o]
/&\ H,O, H* )k
R’ R OR R' R
aldehyde
acetal or ketone
Acetal hydrolysis.
H®
om@ OR H® OH Phase 1:
4\ . /x\ — @ OH, COH L /|\ Acetal to
R ! OR =—— ' -~ o — /*\ R 1 OR Hemiacetal
R "R OR R7TOR <= R 1 OR R (a substitution
deprotonate
Phase 2: /‘\ / I—@ /i\ )2 J\
Hemiacetal Collapse ' o
L . R OR L, R” R
(an elimination reaction) R
hemiacetal . deprotonate
eI|m|nate

protonate
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1C

0 NZ
ZNH,, H*
25 A
aldehyde L
or ketone imine
Imine Formation
OH
H+ C)J\ _ZNH; -H+ 4\ Phase 1:
, R (NHZ R ! "NHZ | Aminol Formation
R R (an addition reaction)
aminol
protonate ADD deprotonate
Phase 2: F\ H
Aminol oH k@ (OH CNZ H,0
to Imine 4\ /|\ - —
(an elimination R R NHZ |~ " T>NHZ R‘%B\R - J\
reaction) aminol |m|ne
protonate eliminate deprotonate
NZ o
H,0, H*
250 )LR R.)LR
. aldehyde
imine or ketone
Imine Hydrolysis
@OH OH
/\IV—F C)J\ /{\ 2 -H* %\ Phase 1:
'J\R = R7IoNHZ — | R’ R NHZ | Aminol Formation
protonate ADD R aminol (an addition reaction)
deprotonate
Phase 2:
Aminol oH \I-@ OH 'ZNHZ
to Carbonyl /‘\ — /|\ —
(an elimination R R NHZ 1< R™AA\HZ )\ R
reaction) aminol H carbonyl
protonate eliminate deprotonate



Chem 36QJasperse Ch. 18 Notes. Aldehydes and Ketones 11

Classification of Mechanisms Associated With Ketone/Aldehyde Reactions.
¥ There may seem to be a dizzying number of mechanisms this chapter. But all of them
simplify into some combination of acidor basecatalyzed addition reaction,
elimination reaction and/orsubstitution reaction.
¥ To predict what product forms that can ibelated, you will need to know when an
addition is all that happens, and when an addition is followed by elimination or
substitution.
¥ Many reactions are reversible, and are controlled by equilibrium principles, so you
ought to be able to go in eitherelttion.
¥ The sequencing of many of the mechanistic steps is dependent on whether you are
under acidic (cationic) conditions or basic (anionic) conditions.
ADDITION REACTIONS .
O 1. MemgBr OH C

19 |
) 2. HyO* Me

Grignard Addition of a Carbanion

OK\Me@ - %
)LH /i'\Me — /L\Me
" Protonate
1. LIAIH OH
0 J ) COK\H@ 1) o
2. Hy0* )LH /|\H L /’\H
H

Hydride addition. |
Protonate

0 OH
21V +hon KN ACN C)OLK\C’@ B \ oy OF

cyanohydrin H /||_|\CN /L\CN
HCN addition, anionic mech. Add - ~ Protonate
o OH © _
22 ) +H,0 OH )\OH C)J\(\C)@ i H-OH "
Hydrate H «———— /||—|\OH /I|—|\OH
Water addition, anionic mech. Add * - Protonate
OH @
O ¥ OH
OH
23 U 4ppo M )\OH ilgoff\o_m PN _H,A\
Hydrate H H H@?Hz b OH

Water addition, cationic mech.

24 j +MeOH — - /OKH o/\# C%)mH OH ye oH
OMe LA Mebr @ "
)k )J\ AH\ /i'\OMe

Hemiacetal H H OMe
Alcohol addition, cationic mech. H
0 OH @
| H*
25 Vi MenH, ——— )\NHMe O/\,'_r, 9?\ MeNH, OH@ H* /T\H
Aminol AH H NHMe NHMe

Amine addition, cationic mech.
NMe NHMe @
+
25r ) +H,0 H )\oH |\||\/|/e\|_v|+ C)Ng)mefl_Do NHEIi)/Ie e /I{\I\HMe
Water addition to imine, cationic mech H
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Elimination Reactions
22r OH | o) H
1 H0,OH ] o of [ o o)
R OH | R™ 'R 4\ — g}\”& —

R R' OH R’ H|<——p
tetrahedral” aldehyde R R RO R
"hydrate" or ketone Deprotonate eliminate

23r | T OH T (o) OH OH _H
4\ H,0, H* Jk /&\ /‘I-@ O) o
R' OH — R' R R R OH —— R' %DH - R.)@_)\R - |JJ\
L R ] aldehyde RL’. 2 ROOR
Itletrahedﬁal or ketone protonate eliminate deprotonate
hydrate
24I’ [ OH 1 O OH OH -
O, H" e ) 0
T ' D —— @ —_—
R'/Ft\OR 1 RT°R | R ﬂe\OR R'/FL\LVO/H ROR R‘)kR
L | aldehyde !
tetrahedral protonate R deprotonate
"hemiacetal" or ketone eliminate P
25r | T OH 1 9] OH OH _H
H,0, H* Py 4\ e ® O) o)
. R R | R DNHZ—> — o
R'71“NHZ R RTLCNHZ  RTOR R” "R
) tetrlzhedral aldehyde rotonate R ’ d tonat
eprotonate
"aminol" or ketone P eliminate P
25b| T ] NZ @ Z. H
SO L o I R I < GG ) N
1 R' R , B ——
R™R NHZ - R'i\NHz RTISNHZ TROR R-J\R
~ tetrahedral
v rrinol” protonate eliminate deprotonate
Substitution Reactions
24b /T\H ROH, H* j\R
R' R OR R’ R OR
"hemiacetal” "acetal”
H®
Of\l‘@ “OH Y\ H\@ OR
R TOR ~—— /i\ = 2 R tT\R - /|\
R RLOR R'/F\l,\OR<—R‘ or =~ RTLOR
protonate eliminate add R deprotonate
24r OR HOH. H* OH
R'/FL\OR R‘/IL\OR
"acetal” "hemiacetal”
H®
Og\ iOR £\ H\@ OH
R'%OR — 4\ = R % ('/Tj —
R RTg OR R'/FL\OR<—R' orR = R L OR
protonate eliminate add R deprotonate
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A. Nomenclature (Section 18)
1. Aldehydes:
a. I[UPAC: Alkamal

O O

A A~

OH O

¥ Note: carbonyl takes precedence over alcohols (hydroxy), aromatics, alkaiiss.
¥ Aldehyde carbon is always #4o needs no numbgtonOt forget to count that carbon!)

b. Aldehydes are often written as RCHO

CHsCHO PhCHO

c. Common Names: (Memorize)

O

O O
JJ\ Formaldehyde )k Acetaldehyde Benzaldehyde

2. Ketones:
a. IUPAC: alkanrx-one

INeednumber, rememberto number!!|

OH O

b. Common Names: (Memorize)

0 (0]
') Acetone
)J\ J _ "Acet” Acetophenone
HAC — ce Acetaldehyde
3 ; k
Acetone Acetic Acid
Acetophenone Acetic Anhydride
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Carbonyls as Substituentélkanoyl

needed when there are higheopty functional groups presersiich asarbonylic acids
alkaroyl assumes the carbonylas the ', connecting carbon of the alkyl substituent
Not for test: (xoxoalkyl) when the carbonyl is not on the connecting carbon.

K K K w

O

CO,H
VI\)J\H
@) @]

Common Names:
0

O
I |
) formyl acetyl
H Y H3C)

General Review of Basic Nomenclature Principles
Core name versus SubstituentsWhich part of the molecule can be included in the core
name, andvhich parts need to treated as substituents?

— |

2. Ranking of Functional Group Priority.
¥ when 2 or more functional groups are present, the priority functional group is included
in the core name, and the core numbering is based on the priority group
¥ Many commomames incorporate two functional groups (benzoic acid, phenol, etc..)
¥

0 o)

Cor | Lo OH NH Aryl Alkene
Families | Acids Ketones

Esters Aldehydes
Core Namg Alkanoic | alkanal akan-x-ol | alkanx- ak-x-ene

acids alkan- x-one amine
Substituent] alkanoylor hydroxy | amino Phenyl

(x-oxoalkyl)

¥
3. Remember Descriptors
¥ Position of functional groups
¥ Position of substituents
¥ Stereochemical descriptors (cis/trans, E/Z, R/S)

4. Punctuation

Hyphenate numbers and stereochemical descriptors
Parenthesizstereochemical descriptoréR)/(S), (E)/(Z)
Do not put any spaces for molecutdyle names

Do put spaces for ionic style names

K K K K

lonic style:
NacCl: PhCQH: PhCQCHs;
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C. Properties of Carbonyls (Sections 18.2, 4)

0 Strongly polar
cd* Sy, flat, ~120% angles
70N

Can Hbond water (impacting water solubility)
But cannot Hbond self (impacting boiling point)

K K K K

For molecules of similar weight:
1. Boiling Point: Alcohols (Hbonding) >>> ketones (polar) > ethers (less polar) >
alkanes (nonpolar)
¥ Largedifference between alcohols and ketones becauseboinding
2. Water solubility: Alcohols > ketones > ethers >>> alkanes (nonpolar)
¥ The difference between alcohols and ketones is much smaller, since both can H
bond to waterOs hydrogens

(Section 186) Many Ketones and Aldehydes have Famous, Nice Smells

¥ Vanilla, almond extract, cinnamon, spearmint, pistachio, butter, camphor, etc.

D. Synthesis of Ketones/Aldehydes: Review Routes, Handout Reaction® {Sections
18.7 and earlier book sections)

From Alcohols

OH 11.2

2 % H2CrO4

From Alkenes via Alcohols or Oxidative Cleavage

1. BH¥THF Q 8.7

JR——

2. NaOH, H,0,

=
8.4
4 = e
0
1. O3 8.15
. /j/\
2. Me,S
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From Carbonyl via Alcohols

/\j O 10.9
6 /\)H/
0 O 10.1
OCHs

From Halides via Alcohols

O 6.8

—

8 /\/\Br

6.8
, Do —— Do

E. New Syntheses oKetones/Aldehydes: Handout Reactions 108 (Sections 18840
and earlier book sections)

From Alkynes (Section 9.9F)

ng+, HZO OH H+7 HZO O 99F

Ph—C=C-H —
10 Hso, L P o
"enol" MECH Ketone

Markovnikov
Addition

Two Phases:

1. The first phase is analogous to oxymercuration of an alkene
a. Itinvolves Hg" and water
b. H-OH adds across tHebond
c. Markovnikov addition: OH adds to the more substituted end of alkyne
d. NaBH,is actually not required

2. Phase 2: The OenolO produced in the first phase is unstable and rapidly converts to the

carbonyl
¥ Phase 2: Mechanism Responsible.
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Mechanism: (AcieCatalyzed endl carbonyl)

OH  H* H0 Q
Ph/& Ph)k

New Bonds Broken Bonds

"enol" Ketone
Acid Conditions:
1. Use H+ in first step
2. Cationic intermediates
3. At some point deprotonate
return to neutral.
Q
1. (Sia),BH OH, H,0O
17 Ph-C=C-H ph O | — [ O
2. NaOH, H,0, "enol" Aldehyde
Anti-Markovnikov
Addition
Two Phases:

1. The first phase is analogoushydroboration of an alkene

H-OH adds across thebond

It involves a borane

Anti-Markovnikov addition: OH adds to the less substituted end of alkyne
(SiapyBH ~ BH3-THF, but is much bulkier in order to ensure high-anti
Markovnikov orientation and to enguthat it stop after one addition and
leaves the secoridbond untouched (BHsz works but is less selective)

T

2. Phase 2: The OenolO produced in the first phase is unstable and rapidly converts to the
carbonyl
¥ Phase 2: Mechanism Responsible.

apop

Mechanism:(BaseCatalyzed endl carbonyl)

New Bonds Broken Bonds

Aldehyde

Base Conditions:

1. Usebase (hydroxidein first step

2. Cationic intermediates

3. At some point deprotonate
return to neutral.
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Hg?*, H,0
/\///
a. H,SO,
o Hg?*, H,0
b H,SO,
/\/// 1. (Sia),BH
c 2. NaOH, H,0,
\”)\ /k O
= PN
—— H
d O
Remember:

1. Enols quickly convert to carbonyls
2. Remember these two reactions mainly as Markovnikov odatkovnikov addition of
H-OH addition to alkyne

From Carboxylic Acids

o . o _ _
)k 1. 2 RLi L|O><OL| acid HO><OH H*, H,0 )OL
Ph™ "OH ph” oL |—| PP R || Ph" R N
acid 2 H'H0 MECH| et 18.9
carboxylate tetrahedral tetrahedral etone
anion dianion hydrate
o 1. 2 Meli

\)J\OH 2. H*, H,0

a.

o 1. 2 PhLi

b Ho)k/ 2. H*, H,0

O

e
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Mechanism: Key new Mechanism Step is #iogd-catalyzed hydrolysis of the tetrahedral
hydrate to the ketone

¥ Tetrahedral anion is stable until acid/water is added

¥ Tetrahedral hydrate rapidly OdehydratesO to ketone

©
O 1. 2Me o. 0972 H H,0 HO><OH
Ph” “OH Ph Ph
hydrate
O
Ph)kR
From Acid ChloridegSection 18.11)
j\ R,CulLi O
3 PC o SR 18.11
acid chloride ketone
o o)
H A |
R™ CI R Aromatic ketone
14 AIC] (from the aryl group's perspective) 18.11
3

O

0]
PIg Ar-H, AIC,
R Cl ~ R Aromatic ketone
acid chloride (from the acyl group's perspective)

¥ No mechanism responsibility for reaction 13

Reaction 14, mechanisms frarthapter 17, Semester 1, Test 4

R>CulLi is a special, mild carbanion equivalent. Some special properties enable it to stop
atketone. (RMgBr would not stop at ketone, but would add again to give 3% alcohol)

K K

© Ph,CulLi

a. CHK/

O

e ——
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From Nitriles (Section 1810)

Ph__ 1.RMgBr

Ph_ R| H* Ph\[(R H",H,O | Ph_. R |H' H,0 PhTR
Nitrile 2. H*, H,0 N NH HO NH; o)
2 © wimine"” MECH] “ietranedral (MECH ketone
"aminol"
1. KCN Steps 2 + 3
AN PO ps R
16 P oBr PA"CN ————— Ph7 Y[
Primary Bromide 2. RMgBr Nitrile 0]
3. H*, H,0 Intermediate

(after step 1)

1. MeMgBr
~_-CN
a. 2. H*, H,0
1. PhMgBr
NC._~
b. 2. H*, H,0
Br

: EERAS

Mechanism: AcieCatalyzed Hydrolysis of C=NH
Ph__ 1.RMgBr

+|Ph__R| H" H,0 H*, H0
CN Ph R i \[( 2 Ph><R 2 PhYR
Nitrile 2. H*, H,O N NH HO  NH, O
2 © wimine” MECH | *etranedral (MECH ketone
"aminol"

Ph. R NHs py  R.H*Ph_ R
HO><NH2 H* HO><G§H3 @Y o E
y, HO

"aminol"

protonate add deprotonate protonate eliminate  deprotonate

20

18.10

18.10
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Note: Many groups can OhydrolyzeO to carbonyls

¥ A carbon with two heteroatoms attached, sifdgladed or doubi®onded
¥ A carbon with one heteroatom and dnbond

¥ Often base or acid or some special acid assistant helps

HO OH NH OH /\/OH
RXR R)J\R R/& 3
|
I O
o 0 0 RN
RJ\R R)J\R RJk

F. General Reactivity of Ketones and Aldehydes: Addition Reactions (Section 18.12)
Key: Are reaction conditions anionic/basic or cationic/acidic (or perhaps buffered in
between?)

1. Anionic Conditions (when a strong anion is involved)
a. General principles regw for strongly anionic/basic conditions apply
1. In an anionic mechanism, a strong anion will drive the first step
2. In an anionic mechanism, intermediates should avoid positive charges
3. Recognize anionic species even when they are disguised by a cationic metal
counterion.

b. Anionic additions to ketones

1. Strong nucleophile required @ HO , HO® , E)
¥ Intermediates have negative charge
2. Addition first, protonation second
3. Addition is normally irreversible
¥ Addition is often strongly exothermic
¥ The proton source is often added in a separate laboratory step, because often
the anion and the proton are incompatible

Protonate
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2. Cationic Conditions (acid is involved)
a. General principles review facid/cartionicconditions apply

¥ Recipes that involve acuill be cationic

¥ In a cationic mechanism, the first step will routinely involve protonation

¥ In a cationic mechanism, the last step will frequently involve deprotonation to
return to neutral

¥ Normally the main step or steps are sandwiched in between tloagtion and
deprotonation events

[ «Por

R — R R =~ OR  ~—

\H
¢ ADD deprotonate

b. Cationic additions to ketones
1. Weak, neutral nucleophile involved (ROH, HOHE)
2. Intermediates have positive charge
3. Protonation first, addition second
¥ Weak nucleophile is not strong enough to add to neutral carbonyl
¥ Protonation activates the carbonyl as an electrophile
4. A deprotonation step is routinely required following addition, to get back to
neutral
5. Addition is normally reversible
¥ Nucleophile can come back off
¥ Nucleophile is normally a reasonable leaving group

3. Buffer Conditions (both weak acid and weak base/nucleophile are present at same time)
¥ RNHy/H", KCN/HCNE
¥ Reversibility again applies
¥ Whether addition comes before protonation, or protonation precedes addition depends
on the exact case

4. Anion Conditions: Nucleophilic addition versus deprotonation

¥ Sometimes an anion will function as a base and remove a proton rather than
functioning as a nucleophile and adding to the carbonyl

¥ Comparable to & versus E2 reactions

¥ Anion size will again factor, with bulky bas more likely to deprotonate and smaller
ones to add

¥ Chapter 22 will deal with the deprotonation pathway, followed by nucleophilic attack
on electrophiles

©
o © O@ o) S Z@ o) o]
S == .. CGes Jo — X
Addition z | Deprotonation |
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Addition of R © (RMgBr) and H © (NaBH,, LIAIH 4) (Review, Section 182, Ch 10)

o 1. RMgBr OH
19 B S % 1) OH
R

0
R”R"2, H,0t R R e % 4\ H*
R™ R RTR |7

GrignardAddition of a Carbanior Add R" R"I.R
Protonate
@)
)J\ NaBH4, ROH OH o o @O/_\ o
R, T e | b |0 h
aldehyde ~ Of RELR O RT R MR | — r R
or ketone 1. LiAlH, Add H ; H
2. H* rotonate

Hydride addition.
Note: For RMgBr and LiAlH, the basicity of the reagent is too strong to permit a proton
source to be present at the same time. Thus the proton source must be added in a subsequent
laboratory step.The NaBH, is weaker, both as a nucleophile but also as a base.

Draw products from the following reactions.

1Va, 2V
3Y4?
o 1. PhMgBr
1 I
)\/\ 2. H3O+

1. LiAIH,
3
O 2. H0"
o)

4 P

1. Mg 2. Ph” “CHs
/\/Br

3. Hy0"

OH

SN PN

6. Draw the mechanism for reaction 1 above.
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Addition of HCN to make OCyanohydrinsO (Section 185): Anionic Mechanism
0 OH

KCN
21 R‘JLR + HCN R,/FL\CN

HCN addition, anionic mech.

Draw the product and mechanism for the following:

o KCN, HCN

A~

Mechanistic notes
1. Addition first, protonation second

2. OCNisa good nucleophile, HCN a decent acid
3. KCN/HCN represents buffer situation: weak base/weak acid, not obvious which
dominates. But in this case the anion does and it proceeds via anionic mechanism.

4. OcCNis actually used as a catalyst: after the HCN donates proto@, @ is
regenerated

5. Inreality, KCN/HCI or KCN/HSO, is often used
¥ Easier to put together and handle

6. Reaction is reversible
¥ Strongly favors product cyanohydrin, unless a strongly hindered ketone is used

Draw products

KCN, HCN
a. O

? KCN, HCN
b. Ph” "H
C.

Key Application (not tested)

OH + OH
H", HO . .
29 R,J\CN R./H(OH ¥ Unique access to-RBydroxyacids..
R R ¥ Indirect provides the equivalent
(for prep, . N p @ .
see Rxn 21) hydroxy-acid (OSynthonO) for'& COH anion

Draw Products
)'O\ 1. KCN, HCN
Ph

1 Ho H,0, H*
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Reversible Addition of H,O (H-OH) to Make Hydrates: Addition (and elimination)
under Acidic or Basic Conditions (Section 18.14).

¥ Know mechanism under either base or acid

¥ Know mechanism for the reverse direction (hydrate to carbonyl) as well

22 )OJ\ H,0, H®Or @OH OH "Hydrates" are present only
’ ' 4\ as transient equilibrium species.
aldehyde R" g OH They never form to 100% and are
or ket)(;ne tetrahedral never isolable. Always in equilbrium
"hydrate” with their aldehyde or ketone.
Anionic

Mech Forward: AdditiorProtonation. Nucleophile, anionic mechanism. Reversi
Mech Reverse: Deprotonatiitiimination. Anionic mechanism. Reversible.

Cationic

Mech Forward: ProtonatieAddition-deprotonation. Weakly nucleophile, catior
mechanism. Reversible.

Mech Reverse: Protonatidglimination-deprotonation. Cationic Etype
mechanism. Reversible.

Notes:

1. Trueequilibrium.

2. Super unfavorable for ketones, moderately unfavorable for aldehydes
¥ Ketone is stabilized more by the two alkyl donors
¥ Ketone hydrate is destabilized more by sterics

0] OH 0 OH o) OH
+H0 == +Ho—~—/|\ +Ho—~—4\
A # OH )LH 2 OH i_pr)J\H 2~ T ipr T oH
K=0.002 k=07 H K=0.1 H

3. |Hydratescanneverbeisolated because as soon as you try to takentout of water, the
drives back to the carbonyl side (LeChatelierOs Principle)
4. While the hydrate is not present in high concentration, it is often a crucial intermediate in
a variety of biological processes
¥ WeOve also seen its importance in the oxidafid# alcohols to carboxylic acids
using BCrO, in water.

Draw theANIONIC addition mechanism Draw theCATIONIC addition mechanism

o HZO,@OH OH o H,0, H@ OH

K, = on L, = o
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Hydrate Hydrolysis (Elimination of Water from Hydrate to Generate Carbonyl)

Draw theANIONIC elimination mechanism Draw the CATIONIC elimination
¥ Deprotonation precedes elimination mechanism
¥ E2like ¥ Elimination precedes deprotonation

oH 1o o ¥ Ellike

/‘\QH - AH

H OH  ho H® o

Reversible Reaction of ROH to Make Acetals via Hemiacetals. (Section 18.18, 19).
Addition/Substitution under Acidic Conditions (Section 18.18, 19).
Also know the reverses process, substitution/elimination under acid conditions

0 OH
24 J _ROHH 1 ROH, H* OR
R” "R " RS OR R' i OR
aldehyde ~ Hz0. H tetrahedral H20, H acetal
or ketone "hemiacetal"
Cationic
Mech Forward: ProtonatieAddition-deprotonation (hemiacetal) Protonatic
eliminationadditiondeprotonation (acetal). Weak nucleophile, catior
mechanism. Reversible.
Mech Reverse: Protonatidglimination-Addition-deprotonation. (hemiaceta

protonatioreliminationdeprotonation (aldehyde or ketone). Reversible.

Notes:

Reactions are reversible

The themiacetadis an intermediate, and can never be isolated

The acetatanbe isolated. (It is stable in absence of water)

Equilibrium considerations (LeChatel@rprinciple) apply. When water is
plentiful, things go to the left. When water is scarceearoved, and alcohol
is abundant, things drive to the right.

Use HO/H" to hydrolyze an acetal back to an aldehyde or ketone

Use MeOH/H to convert an aldehyde to an acetal
Use HOCHCH,OH/H* to convert a ketone to an acetal

Aldehydes or ketones can be gonarily OprotectedO as their acetals, ther
later OdeprotectedO by hydrolysis

K K K K

K K K K
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Notes:
1. While the acetal can be isolated, the hemiacetal cannot
2. Four reactions, each with their own mechanism:
a. Carbonyl to hemiacetal = achtalyzed addition reaction.
b. Hemiacetal to acetal = acwhtalyzed substitution reactiony{Stype)
c. Acetal back to hemiacetal = aetdtalyzed substitution reaction\{Stype)
d. Hemiacetal back to carbonyl = agidtalyzed elimination (Elype)

Draw the mechanism
o) ® { OH

MeOH, H
)]\H AH\OMG

meoH, H® OMe

/L\OMe

Drawthe mechanism

OMe @
P HoH, H /T\H HOH, H )0]\
gy OMe 1~ome H

We have now seen three major acidatalyzed reaction types in this chapter

1. Additions (protonatedd-deprotonate)

2. Eliminations (protonateliminate-deprotonate)

3. Substitutions (protonateliminate-add-deprotonate)

Notice that aprotonation/deprotonation sandwiches the key step(s) in each of them
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Draw the products for the following reactions

O MeOH, HY
1 | '
/\)\H
M\ OCyclic
2 (l HO ©OH Acetal®
0 ®

Key Synthetic Notes:
1. Ethylene glycolworks well for making acetals from aldehydes or ketones. etfsgene
glycol for KETONES.
a. Once the first oxygen adds, the second oxygen is always close by and ready to add
b. The cyclic acetal is more stable; even if one oxygen comes off, it can come right back
on.
c. The cyclic acetal formation is actually more faalole energetically (enthalpy)
d. The cyclic acetal also has entropy advantages (entropy)
2. Methanol is simpler for making acetals from aldehydes, but often has problems for
ketones. Usenethanol for ALDEHYDES
3. Selective protection
a. Methanol can be used pootect an aldehyde, while a ketone or ester will go
untouched.
b. Ethylene glycol can be used to protect a ketone, while an ester will be untouched.

O o MeoH, H®

NN

4 o) 0] HO OH
I~
OMe y®
@
5 O/_\O H20, H

@
MeO
e Y\Ph Hzo, H

OMe

Equilibrium and Acetals

1. Normally favors the carbonyl, especially fatones
2. Push to the acetal side by using excess alcohol
3. Push to carbonyl side by using excess water

4. Equilibrium improves greatly for cyclic acetals.
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5. Hemiacetals have a favorable equilibrium if and only if a 5or 6-ring hemiacetal can
form. (This is cemtal to carboyhydrate/sugar chemistry.)

OH o) ©) OMlxeq

PN s Acetal®
H

OH 0 H® OCyclic

8 | AcetalO

® Hydrolysis
9 Cj\/> H0, H Of cyclic
o” © acetal

Hemiacetals, mixed acetals, and Sugar/Carbohydrate Chemistry (interest, not test)

OH OH O L@ OH
10 HO | H.O
H HO glucose
HO H
OH OH ! OOH
carboyhydrate
HOH ® HOH @ HOH
11 Ho H H
@) Ho
HO HO \ — HO
HO H HO HO H
@] Z-H @] H o)
H OH H H 7
OH
OH OH O MeOH H
12 o | Ho glucose
H o HO6 H mixed acetal
OH OH H O
H OMe

carboyhydrate

Notes:

1. Acetal orhemiacetal carbons have two sinrglend oxygens

2. When thinking about an acetal being hydrolyzed, the carbon with two-$iagbe
oxygens hydrolyzes to a carbonyl

3. Acetal or hemiacetal carbons dnighly reactive as {1 substratesthanks to cation
stabilization by oxygen donor

® ©) Z-H
H OR OR RO, Z
P -ROH )@\ /U\ ®
resonance -H

Carbohydrates exist as hemiacetals or acetals
Carbohydrates can polymerize or make complex derivatives via substitution at their acetal
carbons

ok
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Acetals as Protecting Groups in Synthesis (Section -11®)
1. Reactivity: Aldehydes > Ketones >> Esters
a. Aldehydes versus Ketones Why:
¥ Sterics, ketones are more cluttered and additions make things worse
¥ Electronics, ketones are more stable with two eleatimmating groups
b. Ketones versus Esters Why:
¥ Electronicsthe conjugation stabilizes esters
2. Selective protection
a. Methanol can be used to protect an aldehyde, while a ketone or ester will go untouched.
b. Ethylene glycol can be used to protect a ketone, while an ester will be untouched.

O O OH O

13 MH MH

O O
14 MOMe )J\)

1. ethylene glycol, H*

o) Mg

15
N

N

3, benzaldehyde
4, H,0, H*

Addition of H,N-Z Reagents (Section48-16,17)

OH
o5 j\ ZNH,, H* /|\ H*, -H,0 )'\J'\Z
iohyae 120 H',2ZNH, | R - R
20, R, - 2 H,O, H* .
Slrdfei?éﬂi tetrahedral 2 Imine
"aminol"
Cationic

¥ Mech Forward: ProtonatieAddition-deprotonation (aminol) Protonatiol
elimination deprotonation (imine). Mild nucleophile, cationic mechani
buffered conditions. Reversible.

¥ Note: sometimes addition precedes protonation, or is concerted with protor

¥ Mech Reverse: Protonatiokddition-deprotonation (aminol)  Protonatiol
elimination deprotonation (aldehyde or ketone). Reversible.

Notes:
¥ 0zO0 can be a carbon, nitrogesygen, or hydrogen atom/group.
¥ The@minolOcanlt be isolated, itOs only present at equilibrium.
¥ Equilibrium factors apply. Water drives to the carbonyl side; removal ol
water drives to the imine side.
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(@] H@ X . ,
1 )k + MeNH, —— OImineO
Ph™ "H (Z = alkyl)
o) @
2 )J\ + HoNNH,; SR Hydrazone
Ph”™ “H _
(Z =
Nitrogen)
o) @
3 Ph)LH + HNOH —1 Oxime
(Z = Oxygen)
NO, NO,
4 i . H@ hydrazone 2,4DNP
Ph™ H 2,4-DNP derivati
NO, NO, 4 erivative
n-NH

HoN-NH bt

2,4-dinitrophenylhydrazine Ph H
(2,4-DNPH)

Notes:
1. C=N species can sometimes be hydrolyzed back to carbonylstiH
2. OlminesO are frequent biology intermediates
3. 2,4DNP derivatives are easily made and usually crystalline
a. reaction of an unknown with DNPH to make a solid Déé®ivative is proof of
aldehyde or ketone
b. The melting point of DNRlerivatives permits identification

/N\/\/
5 — J

NOCH,
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Draw the mechanism for the following:
j\ H,NMe, HO OH

Ph” “H

Phase 1: H
Aminol Formation aminol
(an addition reaction)

Draw the mechanism for the following:

NMe H,0, H® NHMe
Ph” "H Ph” | ~OH
Phase 1: H
Aminol Formation aminol

(an addition reaction)

Notes:

Ph/}\NHMe

“H,0,H @ NMe

Phase 2:
Aminol to Imine
(an elimination reaction)

- MeNH,, H @ o

Phase 2: Ph H

Aminol to Imine
(an elimination reaction)

1. All steps are reversible, under equilibrium control
2. 10m writing these as cationic, acatalyzed steps

a. Conditions are actually buffered;
b. 1RNH, + 0.5 H'!

0.5 RNH + 0.5 RNH" |
c. In some cases, nucleophilic addition addition by the neutral but reactive amines (to

a buffer system.

give oxyanions) may actually precede protonation
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Oxidation of Aldehydes (Section 18.20)
O H,CrO, or Ag* etc. o
26 o 18.20

No Mech Responsibility
OTollens testO is a common chemical test for aldehyde§ unigrgoes redo:

reaction with aldeydes to produce shiny Ag metal, or a Osilver mirrorO.

Review: Chromic Acid Oxidation proceeds in water via hydrate

HoCrOy, O
0 2 4 OH H,CrO,, )J\

)J\H H*, H,0 Ph/L\OH Ph

OH

Ph

New: Ad salts oxidize aldehyab in presence of alcohols, ketones
Tollensreagent Ag(NHs)," Chemical test foaldehydes

¥ A silver mirror forms

H,CrO, H Tollens

HO

Chemical Tests
\ DNP | Tollens | HyCrO,

\ Class |

Aldehydes /\)L H
Ketones /\[(

Alcohols /\(

OH
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Chem 36@Jasperse  Chapter 22 (Enolate Chemistry) Reaction Summary

PROTON as ELECTROPHILE
OH

)Ok base, ROH /&
1. z
Ph Ph

-Basecatalyzed keteenol equilibrium
-know mech (either direction)
-know impact of substitents on enol concentration

0O
5 base ROH
Ph” ™3

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

-Mech

HALOGEN as ELECTROPHILE

O
3 )k/ excessBr, (Cl,)
Ph base Ph

Br  Br
-Base catalyzed halogenation

-with excess halogen, alkhydrogens get replaced

-Mech
@] 0] @]
)|\ 1. 31, 3 NaOH, H,0 | |
4. )\ + CHIg| —= /K + CHl3
Ph 2. H* Ph ONa Ph OH
after basic step one after step two acidification

-lodoform reaction.
-chemical test formethyl ketones
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ALKYL HALIDE as ELECTROPHILE
O

O
1. LDA |
D QI
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
-S\2 alkylation restricts B to active ones

M m s i 1 H5O", heat T
—> 1
! OR 2 RX > 'R

OR \

R
-Enolate alkylation of 1;&etoester

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

-Syv2 alkylation restricts X

-position of alkylation is unambiguous

-acid-catalyzed hgrolysis/decarboxylation

O 0
. L NaOR 30 heat o
. \ R
RO OR 2 R-X HO \

-Enolate alkylation of 1;8liester

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

-Syv2 alkylation restricts X

-acid catalyzed hydrolysis/decarboxylation

-Final product is an ACID (Diestér Acid)

Q Q o H< H
H.0", heat 6‘ ?)) - o~
9. —_— €O,
z OH -CO, Z Z)M%O Z)\
R

R

-decarboxylation of a 1;8arbonyl 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 dtdity of the enol intermediate
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ALDEHYDE/KETONE as ELECTROPHILE

O OH (@]
base
10 r AL 25 e L
H  RoH ‘ H
R
-Aldol Reaction
-Mech
Q 7z OH O base, ROH 4 0]
11 R\)’k ﬁe» R\)Z heat R
. ,/ e
2 ’ H | (or acid) N 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, cancgt at aldol if you donOt heat

-Mech
7z OH O base, ROH z (0]
heat
12 R\)Z/ —» R
’ H  (or acid) N Z
R R

-Aldol dehydration
-Mech under basic conditions

o 0 oH Q base, ROH ©
13 )L + R\)’k base )\ ’ heat
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 #lectrophile

-Mech
@]
) O base, ROH
base heat
H T (or acid)

HO
-Intramolecular aldol
-Mech
-many variations
-Normally only good for 5, énembered rings
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ESTER as ELECTROPHILE
O

-Claisen Reaction
-Mech
-Produces 1:&etoester

M

base )L T/L
ketoneor ester
-Crossed Claisen

-May include cyclic Claisen reactions

-If the OenlateO carbonyl is a ketone, get adiketone
-If the OenolateO carbonyl is an ester, getkeig@ster
-Mech

base

OR ROH

WITTIG REACTION
1, - %es
+ PPh
A B ¥y :

-Mech

=

Br PPhy+

2. /k 1. PhyP

R R; 2. BuLi (or some

other base)

-Mech

Enolate Chemistry4
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Chem 36@Jasperse  Chapter 22 (Enolate Chemistry) Reaction Mechanisms
Summary
¥ Note: in many of these reactions, | simply write in 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
O base, ROH ~O H-OR OH
| ﬁ. : @
1.
Ph)\6 Ph)C@ = oS\
o®
Ph/&
Enol Back to Ketone:
N

S,anse, ROH /l )l\/H
1.-reverse )\ — Ph <~ ph
PhX 1

1
A

Deprotonation/Reprotonation to Racemize an optically attiehiral center

O] 0 o
Ph Ph — Ph >

H' Ch, CH3 CH‘; 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'aliyteogens

are replaced.

¥ Note: addition of an electronegative, eleatwithdrawing 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 canOt just stop with a sialgigenation under base
conditions. (But you can under acid conditions, via an enol rather than enolate

mechanism.)
O] O]
| BB )@se | B Br ?
Ph Ph h
H O Br Br Br
Br

H H excess

Br2 H
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ALKYL HALIDE as ELECTROPHILE
With Strong LDA as Base, using a Monocarbonyl

o G%\I(iPr)z o) /\R-@r 0
z /kﬁ }-(\ z )l\@ 7 J\,R

Z can be anything: works for ketones, estaidehydes, esters,E

OLDAO 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.

4. unsymmérical ketones give isomer problems. If there'afieydrogens on both left
and 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 laglded 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

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

reasons

wN P

Using1,3-Dicarbonyls, Such that Weaker Oxygen Bases are Strong Enough
Strong LDA as Base, using a Monocarbonyl

e e o

HH N
Test Responsible J
o |O o) OH H*H,0O O
| J|\ heat )|\ heat . |
R OR oH| | | 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 esponsible for the acid/catalyzed ester hydrolysis or thedatlbdecarboxylation
mechanisms

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

’ )B/k
RO OR @ >
MH ;
H
Test Responsible J
o HO OH +
| J|\ heat )I\ heat |
RO OR ol | HOTX — o
R s?veral enol R o !
eps
ester-ester aC|d acid
ester hydrolysis decarboxylation acid catalyzed
enol hydrolysis
N Not Test Responsible ) (ch. 18)

-alkoxide base strong enough to completely generatetenola

-Syv2 alkylation restricts X

-acid-catalyzed hydrolysis/decarboxylation

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

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

bond ((;H\o heat o’H H*, H,0O 0
O (0] . |
9 | | rotation | Co, “ /H
. —_— e
Z)\H\OH _—>| z \O — z (ch 5 7
R 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;8arbonyl acid

-0z0 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 beer; conjugated enol alkene will form fasterE.)

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

Simple Aldol Reactiongiving a#-hydroxy-carbonyl. In which the same carbonyl functions
as both enolate precursor and electrophile.

-Deprotonge-reactprotonate
-Notice in this case that itOs 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.

o 2R S BT, — e A,

Aldol
formation
(see #10)

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

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

-Ketones as wkas 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 and/or if you stop quickly enough

General Dehydration gf-hydroxy Carbonyls to Give# -unsaturated carbonyls
z OH O G%)R Z H O 4 (0]

-Aldol dehydration

-Mech under basic conditions

- #-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 gelgcs the Enolate
Precursor and a different one (usually aldehyde) as the electrophile

. - 5, g
13.!@, @H R\)N/L R%%

R R

i Deprotonate

i Eliminate
hydroxide
(see mech 12)

H O
R\)\\T)l\ 5
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 #lectrophile

-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 aldehydesveibrwith 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-18.

Aldol Cyclization: Basically a crossedldol reaction in which both carbonyls are tied
together, and in which aldol reaction results in formation of a cyclic rather than an#cylic

hydroxy carbonyl
0 )
) 0 base mR, H-OR | |
| | heat S
14. (! eal
C H ROH [~
H HO HQ)

\‘\/%R HOR

-Intramolecular aldol

-many variations

-Normally only good for 5, énembered rings

-There areoften multiple" -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 >>meémbered rings >>-34-, or !8-membered rings)
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ESTER as ELECTROPHILE
Simple Claisen Reactiorgiving a#-ketoester. In which the same ester functions as both
enolate precursor and electrophile.

ﬂ_\ o Oy O 5 o o

| COR R O L

15. HD')\OR H\OR OR R\)F'\)\OR R I oR
R R CORR R

-Produced,,3-ketoester

-The alkoxide used as base should match Hgeodp 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 adton, the tetrahedral intermediate is *not* stable, and eliminates
alkoxide to regenerate the carbonyl.

-Note: Under basic reaction conditions, the ketter is normally deprotonated to a stabilized
enolate. Following acidic workup, the enolate isroégnated to give the actual kedster
product. The enolate formation is actually crucial, because it OprotectsO the ketone from
nucleophilic attack.

O OI % 0 FH‘“ workup O O
R R o | o |

R H R R H

Crossed Claisen Reactiogiving either a#-ketoester or a 1;8iketone. In which either a
ketone oran ester functions as the enolated precursor, and a different ester functions as
electrophile.

IR R S 5
R . | .
R R CORR R
ketone or
ester

-Crossed Claisen

-If the OenolateO carbonyl is a ketone, get-dikeBone

-When ketones and esters are mixed, the ketone usually functions as the eddla¢eemster

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 OenolateO carbonyl is an ester, get-ketg@ser. These work best if only one of the

esters ha%-hydrogens, so that you have just one enolate available.

-May include cyclic Claisen reactions (see example below)

o) o)
o) o) o) o)
| | base @)I\/\SI\ | |
C OR ROH OR—> o AL -
: S0
R

OQ)R O
\/
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WITTIG REACTION

L x A X _
19. )I\B +Y§1@Ph3 B>_:Y (and O=PPh,)

T\

@A@
A_o PPI‘E O—PPh;
B X A Y
B X
20.
SN

Base -
G T T

Enolate Chemistrid
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Ch. 22 Additions and Condensations of Enols and Enolatens

A.

Things in Common

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)

reactionsk

O

Ph)k/ + Br-Br

NaOH

o
e

Br

NaOMe o O

MOMe

CHs

O O
)J\/U\ + CHg-l
OMe

NaOMe Q OH

%oty

e) (@]

I 2y A

NaOH /\)(L/\
Ph" X" 7" ph

O

o O O
+ NaOMe
crg * I
MeoJ\/ MeO Ph MeOMPh
CHj
0 NaoH 0
)K@ Ph *H20 X pht )%(\Ph
H CH, H CH, HsC H

optically active racemic mixture

KEY:

1.

Key Intermediate
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TYPICAL MECHANISM: Via ENOLATE Anion

@] O
Br CHj,
Br, CHg-l
Q o o
@] O]
)Q/ '/@)R (Base) H)]\Ph M
| H Z Ph
VA X) @
Z O
Z = H (Aldehyde) )J\
Z = R (Ketone) j Me© Ph
Z = OR (Ester) @ e} o@ j\/ﬁ\
|
o] ! - '
o z)%% 2
. COMe
@)
E)rr]10|ate )H, (original stereo
2 !
H,0 forgotten)
H
OH

pe

Under base conditions, a carbonyl compound with aft -hydrogen can be
deprotonated to give a resonancstablized, delocalized OenolateO anion,

which is nucleophilic at the" -carbon.

¥ Normal GH bonds are very neacidic. But GH bonds" to a carbonyl are much more
acidic because the resulting anion is resonance stabilized and is shared by the oxygen.

(@]
)J\!/ H A
Ko =102 Ka = 1070
! |
(@]
NO
Stabilized Unstabilized

¥ The" -carbon has two other attachments in addition to the carlamaythe H shown in
this page. The other attachments will remain attached as spectators, and need to be

accounted for in drawing products.
¥ " -Hydrogens are only slightly less acidic than is water or alcohol hydrogens



¥ B: Acid/Base Considerations (Sectian22.2, 15) Acidity Table
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Acid Base
Class Structure Ka Strength Anion Strength
Strong H-ClI 107 e
Acids Cl
Carboxylic 0 10° j\
Acid J\O
R H R O@
Phenol ©/0H 1010 ©
1,3-Dicarbonyl| O © 1012 O o
MOMe MOMe
H
Water HOH 10%° )
HO
Alcohol ROH 10%° )
RO
Ketones and o) 10%° o
Aldehydes )J\!/H )%
Ester O 10% o
H\Ei)'L !)J\
OMe @ OMe
Amine (N-H) (iPrN-H 103 (iPr),NCLI®
OLDAO
Alkane (GH) RCH3 10> O
RCH,
© e : . . . .
H-A +B A~ +B-H Relative stability of anions dictates equilibrium

Notes to remember

1. Carbonyls acidify' -HOs (anion stabilized)

o

N o

2. 1,3Dicarbonyls are much more acidic than monocarbonyls (anion is more stabilized)
3.
4. A OlowerO anion on the chart can favorably deprotonate any acid thatOs OhigherO on

Ketones arenore acidic than esters

chart. Because any adidse equilibrium will always favor the more stable anion.
OLDAO is strong enoughdompletely deprotonatéetones esters or 1,3

dicarbonyls

NaOH, NaOR cacompletelydeprotonate 4,3-dicarbony! (but not ketones or esters)
NaOH, NaOR dmot completely deprotonatetones or esterbut do provide a

usable equilibrium supply of the enolate that can procede to produchersactions.
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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 from deprotionation at the three spots, and any pertinent
resonance structures.

o o
a b
)J\)]\O/

2. For the followingcompounds, 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%).

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

C. Enolates and Enols: Protons as Electrophile (22.2)

PROTON as ELECTROPHILE

OH
base, ROH

0

P Q-
Ph Ph
-Basecatalyzed keteenol equilibrium

-know mech (either direction)
-know impact of substituents on enol concentratio

Notes:
1. Rapid equilibrium exists between tketo and the enol form
2. Both acid and base catalyze the equilibrium
3. All carbonyls with" -hydrogens can equilibrate with enols
¥ But if there are nd -hydrogens, a carbonyl caot have any enol (or enolate!)
4. Ranking the population of enol:
a. Normally, <5% enoWill 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 enol-B to some other heteroatom
(stabilizing)
¥ Conjugation of thenol alkene (stabilizing)
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1. For the following compounds, draw the best possible enol (if any) rank them according to
which would have the greatest amounenbl isomerpresent at equilibrium, 1 being
most.

0 O O 0 o
PhJj\ )J\/LE\ Ph)cJ:\Ph )J\/\
A D

Mechanism for Bas€atalyzed KeteéEnol Equilibration: )
2. 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

lH = Ph
“Ph

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

Racemization of -chiral Compounds via Enolates

-Racemization of "

o) )
2. . _base ROH chiral optically active
PR™ 3 carbonyls

H' CH, H CHs, CH3 H -Mech

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

HALOGEN as ELECTROPHILE -Base catalyzed halogenation
o o -with  excess halogen, all" -
3 )k/ excesBr, (C,'Z) hydrogens get replaced
Ph base Ph -Mech
Br Br

1. Draw the product and mechanism for the following
O Br,, NaOH

.

2. Draw products for the following reactions

o 2 Br,, 2NaOH
21
Ph)J\/
H,0
O 3 Cl,, 2NaOH

)’J>< HZO

Polyhalogenation versus monohalogenation

¥ Under base conditions, if you add only one equivalent p{@rCL) when an' -
carbon has more than ohehydrogen, clean monrbalogenationgroductB) does not
occur

¥ Instead messy mixtures result

¥ The major product is polyhalogenatéz) (combined with a bunch of unreacted
starting material/)

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

O 1 Br,, 1 NaOH Q
21
+
! Ph)J\/ Ph)g(
A H20 H H
less reactive A
toward enolate 45%

formation less reactive

toward enolate
formation

(@] O
Ph * Ph
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, (Cly) )S( -can achieve selective mon
Ph acid > ph halogenation
Br' 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 andecelerated enol formation

0 o ©
1 1 Brg, 1 HY ¢ OH —pf  OH Q
Ph )& o N T T
A H,0 PR Ph PhE P o7
more reactive . OHz2 oo H 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
0

0 o)
| 1. 31, 3 NaOH, H,0 ‘ ‘
4. )\ + CHIg| — )\ +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 testvolves formation of CHJ(iodoform), which is a yellow precipitate
(and smelly)

¥ Mechanism (not for test):

K K K

(0] o (e} o) o (@]
R)J\CH3+OH —’._R)J\?Hz S “on = RJ\?HI 2
] irreversible R~ "CHyl ) irreversible R~ "CHI,
o anion, anion,
l OH resonance resonance MOH'
reversible S)
3 © OH O I, o
0 o e e
. |R7 ~cl, | ireversible R7 SCl,
R/i\CH reversible 3
OH™ 3
irreversible
(0] (6]
S -
RJ\OH +7Cl3 R)J\o@ + CHI3 Yellow Solid
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1. Draw products for the following reactions

o)
2 Bry, 2NaOH
Ph)J\/
H,O
O 1. 31, 3 NaOH, H,0

o

2. H*
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E. Enolate Alkylation: Alkyl Halides or Tosylates as Electrophiles

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

o 0
) 1. LDA -
6. PS D Z)\\_\R

=

Sn2 alkylation reaction restricts-R (or ROTS) to active, 1% electrophile
2. Ketones, Esters, Amides, Aldehydes all work, so long as they hawhyrogen
that can be deprotonated
¥ Forunsymmetrical ketones, isomer problems can occur (which enolate forms?)
3. Predict the products: Attach the electrophile R group t6 tbarbon
¥ This is a substitution reactioh:C-H + R- X! "-C-R
4. Mechanism: Deprotonate first, add the electrophile second

¥ TreatLDA as© NR;
Practice Draw products and mechanisms for the following alkylation reactions.

O 1. LDA

1 ph)K/Ph 2. Me-l

(@]
1. LDA
2. Br/\/
2.
(@] 1. LDA

3. /\)K/ 2. Me-|




Chem 360 Jasperse Ch. 22 Notes. Enolate Chemistrgl

Acid Base
Class Structure Ka Strength Anion Strength
1,3-Dicarbonyl| O © 1012 O O
MOMe MOMe
H
Water HOH 1016
HOe
Alcohol ROH 10
ROe
Ketones and o] 10%° o]
Aldehydes Mn Mo
. - 33
Amine (N-H) (iPr),N-H 10 (iPr),N @Li®
OLDAO

For Monocarbonyls, why must we use LDA as base, rather than a normal oxygen base (NaOH
or NaOCH) or a simpler Nitrogen base (NaMH
| LDA is strong and bulky |

1. Base Strength the LDA base must be strong enoughctmpletely deprotonate the
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 which attacks the electrophile

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

Oxygen Base Nitrogen Base
O o 0 (0] o 0
i +Con Joemon  HAn-Gr e,
| Rx | rRx

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

Bulky Baseg(LDA) Small Base

O
)OK/H +@|\>;_, )K/H +@NH2 -
)i

small

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

l NaOR
2 R-X

O O
8 M
RO OR

1 NaOR

2. R-X M \\,R
—_—— \
M I

3O heat

3O heat

\.R
HO \

Stage One: Alkylation of a I:Bicarbonyl

Position of alkylation is unambiguous:

arwnNpE

S\2 alkylation reaction restricts-R (or ROTS) to active, 14 electrophile
The dicarbonyl can be a idiketone, dl,3 ketoester, or a k@lester
Predict the products: Attach the electrophile R group to-terbon

in between the two carbonyls
Mechanism: Deprotonate first, add the electrophile second

¥ © OR bases arfine, no need for LDA

Stage Two: Acid/water hydrolysis of any esters, and decarboxylation -@afdnyl

acids
HsO*, 1. Upon treatment with #0/H*, any
)\(k heat_ )\H\OH . )\ esters hydrolyze to carboxylic acids
ketofjster K ketoﬁe 2.  Under heat conditions, a 1,
etoaC|d . .
carbonyl acid (whetherketoacid or
iaci i
e o o o diacid) _Ioses one CPvia an enol
| | mechanism
heat I
HO OH —™ Ho
R R
diester diacid acid
O 0 B He H
H,0", heat (‘ 73) " o~
9. — .
Z OH -CO, Z ZMO > Z)\
R R R R

Decarboxylation of a 1;8arbonyl acid

wnN P

Mechanism responsibility

0Zz0 can be anything so that you end with a ketone, aldehyde, or acid at the end

a. Be able to write the acidatalyzed enol tocarbonyl isomerization (see chapter 18)
b. Know that an enol is involved in the radetermining step
¥ -rate will 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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1. Which ofthe following would undergo decarboxylation? And which would go fastest?

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

Draw products for the following alkylation reactions, often involving ester hydrolyses and
thermal decarboxylations.

o)
1. LDA
) é 2. B >

O (@] 1. NaOEt
3 EtOMOEt 2. Bra_~_~
1. NaOEt
0O O 2. B o~
EtOMOEt 3. NaOEt
4 4. BrCHch:CHz
1. NaOEt
O O 2. Br__Ph

3. H*, H,0, heat

1. NaOEt
o o 2 Br\)\

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

/\)J\OEt
v 2. Br\/K

Some Synthetic Stratedyps

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

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

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

¥ Alkylation resulting in anono-ketone where unambiguous LDA deprotonation would
nothave been possible: from ketster using NaOR, then subsequent ester
hydrolysis/decarboxylation

Provide reagents for the following:

O o0 o
8. EtOMOEt Ho)vph

JCJ)\/\ i
9 =

10. Shown below are two possible precursdrandB for making target keton€. One
works well, the other has a problem. Which is the good precursor, and which
precursor/route will have problems?

1. NaOMe

0 1. LDA O
Route Q 9 -— Route
\)J\)J\ 2. Br 2. B
A OCHj,4 Br By
Good, k k B ad,
clean! A Ph C Ph Ph a side
3. H,0, H*, heat product!
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F. Aldehydes or Ketones as Electrophiles: The Aldol Reaction{PP).7
The basic aldol reaction in which the same aldehyde functions as both enolate and

electrophile, and in which#&hydroxyaldehyde is produced.

O OH (@]
base
10. R\)k —> R\)\/’
H  RoH 4 H
R

1. Try to draw the mechanism for thalowing.

\)?\ NaOH OH O

H H,0

Notes:

a.
b.

K @

Product: #-hydroxycarbonyl

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

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

Products and spectators: The&arbon loses an H to make the enolate, but otherwise both

the enolate and the electrophile retain all their spectator attachments

3-step mechanism: deprotonate (to make enoatedct (with electrophijebprotonate

¥ the reaciprotonate steps are like normal Grignard addipostonation

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

With ketones, either you donOt isokateydroxycarbonyl. Either you proceed on to

alkene (see below) or else you just recover starting ketone

Aldol Condensationt In which a#-hydroxycarbonyl is formed but then is pushed on via loss

of H and OH to produce an Oenorig®-(nsaturated carbonyl)

Q 7z OH O base, ROH 4 0]
base heat
11 R\)k — R\)Z,/ —  w R
Z <€--- ’ H | (or acid) N Z
i R | R

Elimination is irreversible

Ketones asvell 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 time or extra heat

Two ahydrogens must be available femoval; otherwise product retains all spectators
Mechanism required
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General Process for Dehydration o#-Hydroxy Carbonyl Compounds

7z OH O base, ROH z 0]
heat
12 R J/ —— > R N
’ H  (or acid) Z
R R

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

1. Try to draw the mechanism for the following.

OH O NaOH o

| |
H H,0 N H

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

base, ROH Q
13 )L \)k base heat
(or acid) RN Z
R

a. Mechanismsequired
b. Many variations, but there must be some differentiation so that one carbonyl acts
selectively 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 et¢rophile
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. Sometimes conjugation favors formation of one enolate over another

Ring-Forming Aldol Reactions

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 for 5, Bnembered rings

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

NaOH, H,0 OH O NaOH, H,0 o
1 H' cold H  warmup MH
O NaOH, H,0 OH O NaOH, H,0 0
Ph Ph Ph
H  cold J\/U\H warmup MH
2. Ph Ph
¥ With aldehydes, you can usually stop at#Heydroxy carbonyl stage or proceed on to the
" # -unsaturated carbonyl, depending on time and temperature.
O o}
NaOEt EtOH NaOEt, EtOH éﬁ
3. Heat
¥ With ketones as electrophiles, the aldol reaction to givé-tmgdroxy carbonyl is
normally reversible with an unfavorable equilibrium. However, while it is not possible to
isolate highyields of the#-hydroxy ketone, further dehydration to give the enone is
irreversible and can give good yields of the enone.
0 O NaOMe OH 0
>%LH N Ph\)J\ 0 NaOMe
MeOH MeOH N
e
0 Ph warmup Ph
4. more time
¥ With two different carbonyl compounds, one must function selectively as the enolate
precursor, and the other as tlectrophile.
¥ Since aldehydes are much more electrophilic, when mixed with a kb®aédehyde
will always be the electrophile
¥ If there are more than one site where an enolate might form, the most acidic site that
would give a stabilized anion will forpreferentially
o o
P \)J\ NaOEt OH O NaOEt o
+
Ph™ "H OEt
EtOH Ph)YkOEt EtOH Phﬁ)LOEt
0% warmup
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 13) or different (examples 4 and 5)
¥ Lossof an" -H, replaced by ah# C-C bond.



OH O e}
example: Ph),\’j)ko/ <: PhJ + %O/
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All of the following molecules can be made by an algple reaction or an alddype
condensation (aldol followed by loss of®). Draw the carbonyl compound or
compounds from which each is derived.

O

Strakgy:

¥

6.

Identify the carbonyl in the product, and mark off which aré'tla@d# carbons.The
key bond connection will have been between te and # carbons

# was originally a carbonyl (the electrophile carbonyl)

" originally had HOs (it was the enoledebanion)

Note: any attachments on thé' and # carbons are spectators If they are there at the
end, they must have been attached at the beinning!

&/ﬁ(
OH O
MH
o
\)H/\/
OH O
Ph
\/K(LLO/

Draw the mechanism for the following reaction.

@) o] NaOMe O OH

+
)K lph MeOH )J\)\Ph

0w
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Provide products for the following aldol reactions.

O NaOH, H,0

Ph H
7. cold
NaOMe, MeOH
heat
8.
O O NaOEt
Ph)LH * \)J\/ EtOH
9 (017
o 0 NaOEt
+
1,
10. 0
Q NaOH
MH
H,O
11 o cold
H HOCH;
12 cold

13.Draw the mechanism for phase one and then phase two of the reaction in problem 10.

NaOH, H,O

heat

NaOEt

EtOH
heat

NaOEt

EtOH
heat

NaOH

H,O
hot

NaOCH3

HOCH,
hot
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G. Esters as Electrophiles. The Claisen Reaction. (22-12)

0O o) o)
base
T . G-
OR  ROH ‘ OR
R

-Claisen Reaction
-Mech
-Produces 1:&etoester

Atz A,

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, getketg@ster
-Mech

Mechanism: enolate formatidadditionto ester carbonyDelimination of alkoxy anion
1. Draw the mechanism for the following reaction. (Claisen reaction).

0] NaOCH3 e) 0]

OMe HOCH3 \)KKU\OME

Notes
a. Product: #-keto ester (or ketone). Thecarbonyl was an ester, and thearbon was
enolate
b. In actual laboratory, aacid workup is always required
¥ The product, which has a igcarbonyl, 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 stable to attack estaxsjt doesnOt compete as a
nucleophile
c. Mechanism: doesot involve directSy2 displacemenbn ester; addition to the carbonyl
first to make a tetrahedral carbon (just like a Grignard addition) is followed by rapid
fragmentation of the alkoxy 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 converted to enolates
¥ While ketons 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}
1.
/\)OJ\ NaOCH,
o NaOEt
%OEt HOEt
3.
(o) 1. NaOMe, MeOH 2
\)kOMe 2. NaOMe 3.
4 3. BrCH,CH=CH,
e) 1. NaOMe, MeOH 4

\)kOMe 2. NaOMe
3. BrCHch:CHZ

5. 4. H*, H,0, heat

o o 1. NaOCHjz, HOCH3 5

MeO OMe
6. 2. H*, H,0, heat

NaOMe

o)
7 OMe \)J\OMe MeOH

o) 0 NaOMe

OMe MeOH
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H. The WITTIG REACTION. A process involving carbonyls for coupling carbons to make
alkenes. (18.13)

¥ No enolate chemistry is involved

¥ But this is process is complementary to the aldol condensation for making alkenes

¥ Very Powerful route to alkee synthesis

I ee
19, * + e @ _
A B v ’

a. The carbonyl can be an aldehyde or a ketone

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

c. The ylide carbon is strongly nucleophilic

Ylide Preparation:

® @
Br PPh; PPhs PPh;
20, J_  LPhaP o = N via . |H
R™OR; . R™ R, R _R; R” R
2. BuLi (or some B C AL
other base)

a. PPhis a decent nucleophile, produces phosphoniumAalt (

b. Alkyl bromide is best 1¥&mechanism), but 2%, can also work

c. The phosphonium salts are weakly acidic and can be deprotonated by strong base (LDA
also works) to produce Wittig reageit

d. Wittig Reagent B is really in resonance with version C
¥ B helps explain why the carbon is so nucleophilie
¥ Cis good for predicting alkene products

e. Bromide precursors for Wittig reagents are often available from alcohols, vja PBr
¥ PBr; DPPh - BuLi is a common seaunce for 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: \
M
/

Combo 2:
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1. PheP
2. BuLi

/\/Br
1 3. Benzaldehyde

OH

1. H,Cro, 2.

2.
1. PBrg
2. PPh; *H\
=
3. BulLi
4. acetone
3.

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.
0 Technically longer and more difficult than an aldol condensation, so should not
be used to make enones when an aldol condensation could be used instead.
¥ Aldol Condensations
o Great for making enone$# -unsaturated carbonyls). But limited to making
enones.
o If you see an enone target, make via aldol condensation.
o Useful for makingmore 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 intanother.
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4. For the following alkenes, which method should you use, and what would be the
immediate precursors that would be suitable?

Ph/\)J\

5. Synthesis design. Design syntheses of the following products, startinglfronols of 4
carbons or less Some key reminder reactions:
¥ PCC for oxidizing 1% alcohols to aldehydes
¥ H,CrO, for oxidizing 2% alcohols to ketones
¥ PBr; for converting 1% or 2% alcohols to bromides needed for making Wittig reagents

\/\HJ\H
a.

o T
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|. Enones as Electrophiles (22-:18) Michael ReactiongtAddition (Not for Test)

General: Enones as Electrophiles. Nucleophiles that attack enones must choose between:
¥ Carbonyl addition
¥ #-Addition

o this isnOt bad, as it results in enolate formation

Carbonyl Addition O@ /\ Z@ o@
Y versus !+|r\/ )\/\Z

?) S M I+ " -Addition
W Z
|+ Z Enolate
v Alkoxide Formation
Formation

Carbonyl addition normally dominat¢ #- addition normally dominates with:
with: ¥ enolates of dicarbonyls
¥ RMgBr ¥ sometimes enolates of monocarbonyls (b
¥ RLi not always)
¥ NaBH, ¥ Cuprates (RCulLi)
z :::é”;é‘ Prep: 2RBr —»; i:ﬂ R,Culi

)k/ *R\)k — */T)k

enone ketoneor ester

-OMichael Addition
-1,5 dicarbonyls arevell suited for ringforming aldol or Claisen reactions

Draw the Products for the following Michael reactions

o O 0 NaOEt
+
1 OEt X EtOH
o O o} NaOEt
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Retrosynthesis Practice Design syntheses for the following targets, starting FROM
ALCOHOLS WITH NO MORE THAN 5 CARBONS.

¥ Cyclopentanol is allowed.

¥ Esters may be used.

¥ Aldehydes, ketones, or Wittig reagents must be built fromd&on alcohols.

OH O

T
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Chemical Tests Practice Problems For each of the formulas provided, provide a possible
structure given the chemical test results.

Common Chemical Tests, for this chapter:

| DNP | Tollens | lodoform | HuPt | Jones |
Tests for:
Problems:
| DNP | Tollens | lodoform | H/Pt | Jones |
Yes No No Yes,gives No
CBH]_ZO
CGH]_OO
| DNP | Tollens | lodoform | H2/Pt | Jones |
Yes Yes No Yes, gives Yes
CBH]_OO
CesHsO
| DNP | Tollens | lodoform | H2/Pt | Jones |
Yes No Yes Yes, gives No
CBH]_ZO

CeHsO
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