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19.1 General Mechanism

L: Leaving group

Tetrahedral intermediate          
(sp3 hybrized carbon)  

If L = -CH3 or -H (ketone or 
aldehyde), it stops here. 

L t b b tt l i th CH H
y )

Because they are poor 
leaving group, or H- and CH3

-

are both too basic (unstable). 

⇒ L must be a better leaving group than -CH3 or H- .

2

⇒L =
⇒ less basic



Reactivity of carbonyls

1. Steric effect: Steric hindrance decrease the reactivity

BulkyBulky

2 I d ti ff t2. Inductive effect: e- w/drawing group → increase the reactivity 

because the carbonyl carbon becomes more electrophilic

3 Resonance effect: /d i

: e- donating group → decrease the reactvity 

3. Resonance effect: resonance e- w/drawing group 

→ increase the reactvity 

b th b l b b l t hili

3

because the carbonyl carbon becomes more electrophilic

: resonance e- donating group → decrease the reactvity 



Examples

⇒ decrease the reactivity very much ⇒ increase the reactivity slightly

⇒ decrease the reactivity slightly ⇒ increase the reactivity very much

4
Therefore acyl chloride is much more reactive than amide ! 



Reactivity scale

5⇒ determines the equilibrium



19.2 Preparation of Acyl Chloride
Why?  

Because acyl chloride has the highest reactivity. y g y
Conversion to other compounds is very easy. 

How?  

Use thionyl chloride(SOCl2)  or phosphorus pentachloride (PCl5).

Gas formationGas formation 
makes thionyl 
chloride very 
reactive.
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Mechanism
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19.3 Preparation of Anhydride
How?  

1. Using a carboxylic acid or its conjugated base1. Using a carboxylic acid or its conjugated base 
with an acyl chloride

R CO - M+ also can be usedR-CO2
- M+ also can be used

Pyridine is added or used as a solvent

a. Salt formation → precipitaion
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b. Prevent the reaction mixture from becoming strongly 
acidic



How?  

2. Using a carboxylic acid with an other anhydride

Removal of the acetic acid can drive the equilibrium q
to the product
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19.4 Preparation of Esters
H ?How?  

1. By reaction of an alcohol with ether an acyl chloride 
or an anhydride
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How?  
2 B ti f l h l ith b li id2. By reaction of an alcohol with a carboxylic acid

⇒ Fisher esterification

a. Using excess amount of alcohol: although K (0.1~1)a. Using excess amount of  alcohol: although K (0.1 1)
is low, anyhow the product will be obtained

b. Removal of the water  can derive the equilibrium to right
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Fisher esterification

Good leaving 
group

12

Acid such as sulfuric acid, hydrochloric acid, or p-
toluenesulfonic acid is used as a catalyst.



Examples
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19.5 Preparation of Carboxylic Acids19.5 Preparation of Carboxylic Acids
How?  

Carboxylic acid derivatives CarboxylicHydrolysisCarboxylic acid derivatives

+             H2O

Carboxylic 
acid

Hydrolysis

Acidic or basic condition

1. From an acyl chloride or an anhydride
Just add some water → Vigorous reactionJust add some water → Vigorous reaction
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2. From Esters
Ester can be hydrolyzed under either acidic 
or basic conditions

a. Acidic condition: the reverse of the Fisher 
esterification

b. Basic condition: saponification

Stronger base
weaker base; 
more stable

15



Examplesp
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ClClue
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3. From Amide (Amide Hydrolysis)
Amide is less reactive than ester!

Therefore it requires vigorous heating in acidic or basic conditions

Mechanism in basic condition
-NH3

+ is bettern leving group 
than –NH2
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Examples
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4. From Nitrile (Nitrile Hydrolysis)

Nitrile  → Amide  → Carboxylic acid
basic or acidic conditions

20Carboxylic acid



Examples
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19.6 Preparation of Amides
By the reaction of an acyl chloride or an anhydride 
with ammonia or an amine
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To make the rxn condition not too acidic: HCl is the by product.

In acidic condition → hydrolysis



How about carboxylic acid + amine ?

Th b l i d h i i f d !Then carboxylate anion and the ammonium cation are formed !

Because of the acid base reaction.

Vigorous heating: water is distilled off

Amide
Example
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19.7 Reaction with Hydride Nucleophilesy p

Mechanism
workup
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H- is a very strong nucleophiley g p
1. One LiAlH4 can reduce two ester

2. If less LiAlH4 is used, still ester and alcohol is formed 
(no aldehyde), because the aldehyde reacts with the 
hydride as fast as it is formed Aldehyde is morehydride as fast as it is formed. Aldehyde is more 
reactive than ester!

E lExamples

Not the double bond !
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Reduction of amide with LiAlH4

Reduction of Nitrile with LiAlH4Reduction of Nitrile with LiAlH4
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Mechanism for the reduction of  an amide to an amine
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Reduction of carboxylic acids

Same as 
before

28workup



Sodium borohydride (NaBH4)Sodium borohydride (NaBH4) 

→ much less reactive than LiAlH→ much less reactive than LiAlH4

→ can reduce aldehydes or ketones, while cannot reduce esters

29



19.8 Reduction of Acid Derivatives to 
AldehydeAldehyde

O
RCOR'

O
RCH2OH + R'OH

LiAlH4

RCH
O

How can we get aldehyde?

RCOCl > RCO2COR > RCOH > RCO2R > RCO2H > RCONH2 > RCO2
-

Unstable (high reactivity)                                         Stable (low reactivity)

To get aldehyde use RCOCl or RCO2COR + lithium tri-t-

30

To get aldehyde, use RCOCl or RCO2COR + lithium tri t
butoxyaluminum hydride



1. use RCOCl or RCO2COR + lithium tri-t-

Lithium tri-t-butoxyaluminum hydride
butoxyaluminum hydride
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At low temperature (-78 oC), it does not react with aldehyde, probably due to 
the steric effect



Examples
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2 Use diisobutylaluminium hydride to reduce2.Use diisobutylaluminium hydride to reduce 
esters to aldehyde at low temperatures

E lExample
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19.9 Reactions with Organometallic 
N l hilNucleophiles

The reaction of Grignard reagents with estersThe reaction of Grignard reagents with esters
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Examples
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19.10 Preparation of Ketones
Cannot be prepared using Grignard reagent

Rapid reaction

Then how?

1 Using lithium diorganocuprate with acyl chloride1. Using lithium diorganocuprate with acyl chloride

ExamplesExamples
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2. Using Grignard reagents with Nitriles

Mechanism

Example
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19.11 Derivatives of Sulfur and 
Phosphorus Acids

38

The Chemical behavior is similar to that of carboxylic acids,

While they are stronger acid than the carboxylic acids!



Examples
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Summary

Resonance effects: Electron donors slow the reaction;Resonance effects: Electron donors slow the reaction; 
withdrawers accelerate it

Inductive effects: Electron withdrawers accelerate the reaction

Streric effects: Steric hindrance slows the approach of the 
nucleophiles
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