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Synthesis of Ketones and Aldehydes 
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Reactions of Ketones and Aldehydes 
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R' R

O

aldehyde 
or ketone

1.  RMgBr 

2.  H+ R' R

O

R

Protonate

R' R

OH

R
anion intermediate  

Anionic 
Mech:  Addition-Protonation.  Strong nucleophile, Strongly anionic.  Irreversible. 
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R' R

O

aldehyde 
or ketone

NaBH4

  or
LiAlH4

R' R

O

H

Protonate

R' R

OH

H
anion intermediate  

Anionic  
Mech:  Addition-Protonation. Strong nucleophile, Strongly anionic.  Irreversible. 
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R' R

O

aldehyde 
or ketone

R' CN

O

R

Protonate

R' CN

OH

R
anion intermediate

KCN, HCN

 
Anionic  
Mech:  Addition-Protonation.  Medium nucleophile, Weakly anionic; literally 
buffered.  Reversible. 
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22 R' R

O

aldehyde 
or ketone

R' OH

OH

R

H2O, OH-

tetrahedral
"hydrate"

"Hydrates" are present only
as transient equilibrium species.
They never form to 100% and are
never isolable.  Always in equilbrium 
their aldehyde or ketone.

 
Anionic   
Mech Forward: Addition-Protonation.  Nucleophile, anionic mechanism.  Reversible. 
Mech Reverse:  Deprotonation-Elimination.  Anionic mechanism.  Reversible. 
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23 R' R

O

aldehyde 
or ketone

R' OH

OH

R

H2O, H+

tetrahedral
"hydrate"

"Hydrates" are present only
as transient equilibrium species.
They never form to 100% and are
never isolable.  Always in equilbrium 
with their aldehyde or ketone.

 
Cationic    
Mech Forward:  Protonation-Addition-deprotonation.  Weakly nucleophile, cationic 
mechanism.  Reversible. 
Mech Reverse:  Protonation-Elimination-deprotonation.  Cationic E1-type 
mechanism.  Reversible. 
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R' R

O

aldehyde 
or ketone

ROH, H+

R' OR

OH

R
tetrahedral
"hemiacetal"

ROH, H+

R' OR

OR

RH2O, H+ H2O, H+
acetal

 
 
Cationic    
Mech Forward:  Protonation-Addition-deprotonation (hemiacetal)  Protonation-
elimination-addition-deprotonation (acetal).   Weak nucleophile, cationic 
mechanism.  Reversible. 
 
Mech Reverse:  Protonation-Elimination-Addition-deprotonation. (hemiacetal) 
protonation-elimination-deprotonation (aldehyde or ketone).  Reversible. 
 
Notes: 

¥ Reactions are reversible 
¥ The ÒhemiacetalÓ is an intermediate, and can never be isolated  
¥ The acetal can be isolated.   
¥ Equilibrium considerations (LeChatelierÕs principle) apply.  When water is 

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

¥ Use H2O/H+ to hydrolyze an acetal back to an aldehyde or ketone 

¥ Use MeOH/H+ to convert an aldehyde to an acetal 
¥ Use HOCH2CH2OH/H+ to convert a ketone to an acetal 
¥ Aldehydes or ketones can be temporarily ÒprotectedÓ as their acetals, then 

later ÒdeprotectedÓ by hydrolysis 
 
 

 
18.18, 
18.19 
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R' R

O

aldehyde 
or ketone

ZNH2, H+

R' NHZ

OH

R
tetrahedral
"aminol"

H+, -H2O

H2O, H+, -ZNH2 H2O, H+
imine

R' R

NZ

 
 
Cationic    
Mech Forward:  Protonation-Addition-deprotonation (aminol)  Protonation-
elimination- deprotonation (imine).   Mild nucleophile, cationic mechanism, buffered 
conditions.  Reversible.  Note:  sometimes addition precedes protonation, or is 
concerted with protonation.   
 
Mech Reverse: Protonation-Addition-deprotonation (aminol)  Protonation-
elimination- deprotonation (aldehyde or ketone).  Reversible. 
 
Notes: 

¥ ÒZÓ can be a carbon, nitrogen, oxygen, or hydrogen atom/group.   
¥ The ÒaminolÓ canÕt be isolated, itÕs only present at equilibrium. 
¥ Equilibrium factors apply.  Water drives to the carbonyl side; removal  of 

water drives to the imine side. 
 

 
18.16, 
18.17 
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26 

R' H

O H2CrO4 or Ag+ etc.

R' OH

O

 
 
No Mech Responsibility   
 ÒTollens testÓ is a common chemical test for aldehydes.  Ag+ undergoes redox 
reaction with aldeydes to produce shiny Ag metal, or a Òsilver mirrorÓ. 
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27 R' R

O

R' R
Zn(Hg), HCl Acidic!  

Works best for aromatic ketones.  
 
Notes: 

¥ Acidic conditions.  DoesnÕt work well for molecules with acid-sensitive 
functionality.   

¥ Works best for aromatic carbonyls.  Saturated carbonyls are slower and less 
efficient. 

¥ Acidic nature is complementary to the basic analog below.   
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28 

R' R

O
R' R

1. H2N-NH2

2.  KOH, heat
Basic!

 
 
No Mech Responsibility    
Notes: 

¥ Basic conditions.  DoesnÕt work well for molecules with base-sensitive 
functionality.   

Basic nature is complementary to the acidic analog above. 
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H+, H2O

R' CN

OH

R
R'

OH

R
O

OH

hydroxy-acid
(for prep,
see Rxn 21)  
 
No Mech Responsibility   
Notes: 

¥ Unique access to 2-hydroxyacids..   
Used in combination with reaction 21, the formation of the hydroxy-nitrile. 
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Ch. 18 Mechanisms 
Some New Mechanisms Associated with the Syntheses of Aldehydes and Ketones 
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Enol to Carbonyl, Base Catalyzed 
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Acid-catalyzed elimination of a 
hydrate to a carbonyl 
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N

H+ Ph R

NH
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HO NH2
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Ph R

NH2

H2O Ph R

NH2

OH
H

protonate deprotonateadd
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15 
phase 
1 
 

Ph R

NH
"imine"

H+, H2O

MECH

Ph R

HO NH2
tetrahedral
"aminol"  

Acid-catalyzed addition of water 
to an imine 
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15 
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Ph R

O

Ph R

HO NH2
tetrahedral
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H+, H2O

MECH
ketone

 
Acid-catalyzed elimination of 
amine from an aminol to give a 
carbonyl 
 

Ph R

O

Ph R

HO NH3H+

Ph R

HO NH2

-NH3 Ph R

O
H

-H+

"aminol"

protonate deprotonateeliminate  

 
 
Review:  Several Pertinent Mechanistic Principles 

1. Recognize anionic mechanisms (when a strong anion is involved)  
¥ In an anionic mechanism, a strong anion will drive the first step 
¥ In an anionic mechanism, intermediates should avoid positive 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 
 

3. Focus on bonds made and broken 
4. Draw in hydrogens on carbons whose bonding changes 
5. Keep track of lone pairs on reacting centers (in your head if not on paper) 
6. Always draw in formal charges where appropriate 
7. Arrows show electron flow, from giver to receiver 
8. A good mechanism illustrates not only where electrons go as bonds 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.   
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Some Mechanisms Associated with the Reactions of Aldehydes and Ketones 
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R' R

OH

R'

O 1.  RMgBr

2.  H3O+R" R"  
Grignard Addition of a Carbanion 

H+

R' R"

O

R' R

O

Protonate

R' R

OHR

Add R" R"
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R' R

O

aldehyde 
or ketone

NaBH4, ROH 

  or
1.  LiAlH4
2.  H+

R' R

OH

H

 
Hydride addition. 
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O
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R' CN

OH

R'

O

+ HCN
KCN

R
R

 
HCN addition, anionic mech. 
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R' R

O

aldehyde 
or ketone

R' OH

OH

R

H2O, OH-

tetrahedral
"hydrate"  

Water addition, anionic mech. 
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O
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O
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O
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R' OH

OH

R
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tetrahedral
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R' R

O

R' OH

O

R' OH

O OH

RR

H

Deprotonate eliminate
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R' R

O

aldehyde 
or ketone

R' OH

OH

R

H2O, H+

tetrahedral
"hydrate"  

Water addition, cationic mech. 
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OH

R
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R R'
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R
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R' R

O

aldehyde 
or ketone

ROH, H+

R' OR

OR

R
acetal

 
 
Acetal formation 
 

H

R' OR

OH

R

H

R' OR
R

ROH

R' OR

OR

R

H

R' OR

OR

R

protonate

eliminate add deprotonate

R' R

O

R' R

OH

R' OR

OH

R
R' OR

OH

R

H+ ROH -H+

Hprotonate ADD

deprotonate
hemiacetal

R' OR

OH

R
hemiacetal

Phase 1:
Hemiacetal Formation
(an addition reaction)

Phase 2:
Hemiacetal
to Acetal
(a substitution
reaction)

 
 
 
 
 
 

24r 
H2O, H+

R' OR

OR

R
acetal

R' R

O

aldehyde 
or ketone  

 
Acetal hydrolysis. 
 

Phase 2:
Hemiacetal Collapse
(an elimination reaction)

Phase 1:
Acetal to
Hemiacetal
(a substitution
reaction)

R' OR

OR

R

H

R' OR

OR

R

H

R' OR
R

OH2

R' OR

OH

R

H

protonate eliminate add
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R' OR

OH

R
hemiacetal

R' OR

OH

R
hemiacetal

R' R

OH
R' O

OH

R R'

O
H

R
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deprotonate

eliminate
R

H
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25 

R' R

O

aldehyde 
or ketone

ZNH2, H+

imine

R' R

NZ

 
 
Imine Formation 
 

R' R

O

R' R

OH

R' NHZ

OH

R
R' NHZ

OH

R

H+ ZNH2 -H+

H
protonate ADD

deprotonate

aminol

H

R' NHZ

OH

R

H

R' R

NZ
H

protonate eliminate deprotonate

Phase 1:
Aminol Formation
(an addition reaction)

Phase 2:
Aminol
to Imine
(an elimination
reaction)

R' NHZ

OH

R
aminol

R' R

NZ

imine

-H2O

 
 
 

 
 
25r 

R' R

O

aldehyde 
or ketone

H2O, H+

imine

R' R

NZ

 
 
Imine Hydrolysis 
 

R' R

NHZ

R' NHZ

OH2

R
R' NHZ

OH

R

H+ H2O -H+

protonate ADD

deprotonate

aminol

H

R' NHZ

OH

R R' R

O
H

protonate eliminate deprotonate

Phase 1:
Aminol Formation
(an addition reaction)

Phase 2:
Aminol
to Carbonyl
(an elimination
reaction)

R' NHZ

OH

R
aminol

R' R

O

R' R

NZ

H carbonyl

-ZNH2

 



 Chem 360 Jasperse 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 acid- or base-catalyzed addition reaction, 
elimination reaction and/or substitution reaction.   

¥ To predict what product forms that can be isolated, 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 either direction.   

¥ The sequencing of many of the mechanistic steps is dependent on whether you are under 
acidic (cationic) conditions or basic (anionic) conditions.   

ADDITION REACTIONS. 
 
19 

Me

OHO 1.  MeMgBr

2.  H3O+
 

Grignard Addition of a Carbanion 

H+

H

O

Me

O

Protonate

Me

OHMe

Add H H
 

 
20 

OHO 1.  LiAlH4

2.  H3O+

 
Hydride addition. 

H+

H

O

H

O

Protonate

H

OHH

Add
H H
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CN

OHO

+ HCN

cyanohydrin

KCN

 
HCN addition, anionic mech. 

H-CN
H

O

CN

O

Protonate

CN

OHCN

Add H H
  

 
22 

OH

OHO

Hydrate
+ H2O

OH-

 
Water addition, anionic mech. 

H-OH
H

O

OH

O

Protonate

OH

OHOH

Add
H H
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OH

OHO
+ H2O

Hydrate

H+

 
Water addition, cationic mech. 

H

O

H

OH

OH2

OH

H
OH

OH

H

H+ OH2 -H+

 
 
24 

OMe

OHO

Hemiacetal

+ MeOH
H+

 
Alcohol addition, cationic mech. 

H

O

H

OH

OMe

OH

H
OMe

OH

H

H+ MeOH -H+

H  
 
25 

NHMe

OHO

+ MeNH2
H+

Aminol  
Amine addition, cationic mech. 

H

O

H

OH

NHMe

OH

H
NHMe

OH

H

H+ MeNH2 -H+

H  
 

 
25r 

OH

NHMeNMe

+ H2O
H+

AminolImine  
Water addition to imine, cationic 
mech 

H

NMe

H

NHMe

OH

NHMe

H
OH

NHMe

H

H+ -H+

H

H2O
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Elimination Reactions.   
22r 

R' R

O

aldehyde 
or ketone

R' OH

OH

R

H2O, OH-

tetrahedral
"hydrate"  

R' R

O

R' OH

O

R' OH

O OH

RR

H

Deprotonate eliminate
 

23r 

R' R

O

aldehyde 
or ketone

R' OH

OH

R
tetrahedral
"hydrate"

H2O, H+

 

R' R

O

R' OH

OH

R

H

R' OH2

OH

R
R'

O
H

R

protonate deprotonateeliminate  

24r 

R' R

O

aldehyde 
or ketone

R' OR

OH

R
tetrahedral
"hemiacetal"

H2O, H+

 

R' R

O
R' OR

OH

R

H
R' O

OH

R R'

O
H

R

protonate deprotonate
eliminate

R

H

 
25r 

R' R

O

aldehyde 
or ketone

R' NHZ

OH

R
tetrahedral
"aminol"

H2O, H+

 

R' R

O
R' NHZ

OH

R

H
R' NH2Z

OH

R R'

O
H

R

protonate deprotonate
eliminate  

25b 

R' R

NZ

imine
R' NHZ

OH

R
tetrahedral
"aminol"

H2O, H+

 

R' R

NZ

R' NHZ

OH

R

H
R' NHZ

OH2

R R'

N
H

R

protonate deprotonateeliminate

Z

 
 
 
Substitution Reactions.     
24b 

R' OR

OH

R
"hemiacetal"

ROH, H+

R' OR

OR

R
"acetal"  

R' OR

OH

R

H

R' OR

OH

R

H

R' OR
R

ROH

R' OR

OR

R

H

R' OR

OR

R
protonate eliminate add deprotonate  

24r 
HOH, H+

R' OR

OR

R
"acetal"

R' OR

OH

R
"hemiacetal"  

R' OR

OR

R

H

R' OR

OR

R

H

R' OR
R

OH2

R' OR

OH

R

H

R' OR

OH

R
protonate eliminate add deprotonate  

 


