Textbook Assignment: Chapter 16 Cont'd
Homework (for credit): POW 6 posted

Today's Topics: Additions to carbonyls-acidic a-hydrogens

Office Hrs: T & Th 9:30-11 and 1-2

Aldehydes
And
Ketones

Acetals as Protecting Groups
 Tetrahydropyranyl (THP) protecting group

THP group
e e
RCH,OH + | —
RCH,0” >0

Dihydropyran A tetrahydropyranyl
ether

—the THP group is an acetal and, therefore,
stable to neutral and basic solutions, and to
most oxidizing and reducting agents

—itis removed by acid-catalyzed hydrolysis




Addition of Nitrogen Nucleophiles

« Ammonia, 1°aliphatic amines, and 1°aromatic
amines react with the C=0 group of aldehydes
and ketones to give imines (Schiff bases)

« Water is removed by Dean-Stark trap or
chemical dehydration (e.g. molecular sieves)

Q +
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CH3CH + H2N—© Lt CH3CH:N—© + Hy0

Acetaldehyde Aniline An imine
(a Schiff base)
H+
<:>=o + NH; === <:>=NH + Hpy O
Cyclohexanone Ammonia An imine
(a Schiff base)

Addition of Nitrogen Nucleophiles
Formation of an imine occurs in two steps
Step 1: carbonyl addition followed by proton

transfer
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Step 2: loss of H,O and proton transfer to solvent
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Addition of Nitrogen Nucleophiles

—a value of imines is that the carbon-nitrogen
double bond can be reduced to a carbon-
nitrogen single bond

o

Cyclohexanone Cyclohexylamine

OO OO

(An imine) Dicyclohexylamine

Does not have to isolated




Addition of Nitrogen Nucleophiles
» Secondary amines react with the C=0
group of aldehydes and ketones to form
enamines (alkene and amine)

Hiw
o + H-N S N + HyO

Cyclohexanone Piperidine An enamine
(a secondary amine)

—the mechanism of enamine formation involves
formation of a tetrahedral carbonyl addition
compound followed by its acid-catalyzed
dehydration

H\N@
HO

Protonated

Ketone N-Protonated
Amino-alcohol

®
H
HQ‘ Amino-alcohol

Amino-alcohol O-Protonated 2° Carbocation
Amino-alcohol

)

N

H
Enamine Product




Addition of Nitrogen Nucleophiles

— the carbonyl group of aldehydes and ketones reacts
with hydrazine and its derivatives in a manner similar
to its reactions with 1°amines

Oy — Do @

Hydrazine A hydrazone
Reagent, HN-R Name of Reagent Name of Derivative Formed
H, N-OH Hydroxylamine Oxime
H, N—NH-@ Phenylhydrazine  Phenylhydrazone
H, N-NH: NO, 2,4-Dinitophenyl- 2,4-Dinitrophenylhydrazone
hydrazine
O,N
Hy N-NHCNH, Semicarbazide Semicarbazone

Acidity of a-Hydrogens

Hydrogens alpha to a carbonyl group are
more acidic than hydrogens of other
hydrocarbons (e.g. alkanes, alkenes,
aromatic). The acidity is measured as K,

0
H H

{HA + HyO == H30* + A’
_ H30'1[A]
Note: andsare [HA] [H 20]
not used in K [H O+] [A ] \
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Acidity of a-Hydrogens

Hydrogens alpha to a Type of Bond pKy
carbonyl group are more
acidic than hydrogens of CH3 CHZO-H 16
alkanes, alkenes, and 9
alkynes but less aCidiGu, CCH--
than the hydroxyl CHs oH 20
hydrogen of alcohols CH;CG=CGH o5

CH,=CHH 44
Giaph o

a-Hydrogens are more acidic because the
enolate anion is stabilized by:
1. delocalization of its negative charge

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

I?’ Ve T~ — )
CH3-O@-H A — CH3-CfCH2 <—>» CH3-C=CH, + H-A
Resonance-stabilized enolate anion

Keto -Enol Tautomerism

— protonation of the enolate anion on oxygen
gives the enol form* ; protonation on carbon
gives the keto form

CH3-C-CHy <—> CH3-C=CH,

Enolate anion
H- H-A
N oH

I -
A" + CH3-C-CHg CH3-C=CH, +A

Keto form Enol form

*Enol: made from 2 functional groups-alkene and alcohol




Keto -Enol Tautomerism

—acid -catalyzed equilibration of keto and enol
tautomers occurs in two steps

Step 1: proton transfer to the carbonyl oxygen

?/—\ fast and 5o
A _reversiblg | .
CH3-C-CH3 + H'A —————="= CH3-C-CH3 + :A
Keto form The conjugate acid
of the ketone

Step 2: proton transfer to the base A

+..H 0g
slow :?H
AN,
CH3-CYoR)-H + A === CHy-C=CH, + H-A
Enol form

Keto -Enol Tautomerism

Keto-enol .
eqUi”bI’ia Keto form Enol form  Equilibrium
for simple g om
aldehydes CHgCH —== CHp=CH  6x10°
and 9 QH

. CH3CCHz === CH3C=CH;  6x107
ketones lie

o] . OH
far toward Q/ - ®/ 1x10°
the keto 0 OH
form (/Y - C( 4 x10°

Keto -Enol Tautomerism

For certain types of molecules, however, the enol
is the major form present at equilibrium

— for b-diketones, the enol is stabilized by conjugation
of the pi system of the carbon-carbon double bond
and the carbonyl group

— for acyclic b-diketones, the enol is further stabilized by
hydrogen bonding (i.e.1,3 diones)

hydrogen
bonding

0 0 0 o %‘-ﬁo
@ — @ A = 2
(¢} OH

20% 80%
1,3-Cyclohexanedione 2,4-Pentanedione
(Acetylacetone)
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Oxidation of Aldehydes

« Aldehydes are oxidized to carboxylic acids by a
variety of oxidizing agents, including *H,CrO,

A~CHO  HoCT0s |~ -~ COOH
Hexanal Hexanoic acic
¢ They are also oxidized by Ag(l)

— in one method, a solution of the aldehyde in aqueous
ethanol or THF is shaken with a slurry of silver oxide

2
CHg ﬁH CH3 Lon
OU + Ag,0THFE. HaQ  HCI + Ag
o NaOH  H,0 HO

H
Vanillic acid

Vanillin
* See 10.8 for Jones reagent & PCC: pyridine*«CICrO5

Oxidation of Aldehydes

Aldehydes are oxidized by O, in a radical
chain reaction

—liquid aldehydes are so sensitive to air that
they must be stored under N,

(6] (6]

Il Il
2 CH + 0, —p2 COH

Benzaldehyde Benzoic acid




Oxidation of Ketones
— ketones are not normally oxidized by chromic
acid (H,CrO,)
—they are oxidized by powerful oxidants at high
temperature and high concentrations of acid

or base
) OH o
HNO3; H
O = () eyt
o
Cyclohexanone Cyclohexanone Hexanedioic acid
(keto form) (enol form) (Adipic acid)

One of the starting
materials for Nylon 6,6




