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Acyl Chlorides

Production of Acyl Chlorides

= Duetotheincreasedreactivity of acyl chlorides compared to carboxylic acids, they are often used as
starting compounds in organic reactions
= Acylchlorides are compounds that contain an -COCI functional group and can be prepared from the
reaction of carboxylic acids with:
= Solid phosphorus(V) chloride (PCls)
= Liquid phosphorus(lll) chloride (PCls) and heat
= Liquid sulfurdichloride oxide (SOCl,)
= Propanoyl chloride can this way be prepared from propanoic acid using the reactions above

Using propanoic acid to form propanoyl chloride

0 0
7 7
CH;—CH,—C_ + PCl; —> CH,—CH,—C_ + POCl; + HCL
OH Cl
| PROPANOIC ACID | | PROPANOYL CHLORIDE |
y HEAT Yy
3CH,—CH,—C_ + PCl, —> 3CH,—CH,—C_ + HPO,
OH ClL
| PROPANOIC ACID | | PROPANOYL CHLORIDE |
//O //O
CH;—CH,—C_  + SOCL, —> CH;—CH,—C_ + SO, + HCl
OH Cl
| PROPANOIC ACID | | PROPANOYL CHLORIDE |

Propanoic acid can be used to produce propanoyl chloride with different by-products depending on
the reagent used
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Reactions of Acyl Chlorides

= Acylchlorides are reactive organic compounds that undergo many reactions such as addition-
elimination reactions
= |naddition-eliminationreactions, the addition of a small molecule across the C=O bond takes place
followed by elimination of a small molecule
= Examples of these addition-elimination reactionsinclude:
= Hydrolysis
= Reactionwith alcohols and phenols to form esters
= Reactionwithammonia and amines to form amides

Hydrolysis

= The hydrolysis of acyl chlorides results in the formation of a carboxylic acid and HCI molecule
= Thisis an addition-elimination reaction
= Awater molecule adds across the C=0O bond
= Ahydrochloric acid (HCI) molecule is eliminated
= Anexampleis the hydrolysis of propanoyl chloride to form propanoic acid and HCI
Hydrolysis of acyl chlorides

o 0 CARBOXYLIC
Y Y, ACID
CHy—CH,—C + H0 —> CH—CH,~€_ + HClL
Gl OH
| PROPANOYL CHLORIDE | | PROPANOIC ACID |

Acyl chlorides are hydrolysed to carboxylic acids

Formation of esters

= Acylchlorides canreact with alcohols and phenols to form esters
= Thereactionwith phenolsrequires heat and a base

= Esterscanalso be formed from the reaction of carboxylic acids with phenol and alcohols however, this

is a slower reaction as carboxylic acids are less reactive and the reaction does not go to completion
(solessproductis formed)
= Acylchlorides are therefore more usefulin the synthesis of esters
= The esterification of acyl chlorides is also an addition-elimination reaction
= The alcohol orphenoladds across the C=0O bond
= AHCImoleculeis eliminated

Esterification reactions using acyl chlorides
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—>ESTER
0 0]
4 4
CHy—CH,—C{_  + CH;—CH,—OH —> CH;—CH,~C_ + HCL

PROPANOYL [ETHYL PROPANOATE

CHLORIDE

i —=>ESTER
0] 0]
4 NaOH 4

HEAT o)
PROPANOYL | PHENOL |
CHLORIDE

PHENYL PROPANOATE

Acyl chlorides undergo esterification with alcohols and phenols to form esters

Formation of amides

= Acylchlorides can form amides from their condensation reaction with amines and ammonia
= Thenitrogenatominammonia and amines has alone pair of electrons which can be used to attack the
carbonyl carbon atomin the acyl chlorides
= The productis a non-substituted amide (whenreacted with ammonia) or substituted amide (when
reacted with primary and secondary amines)
= Thisisalso an example of an addition-elimination reaction as
= The amine orammonia molecule adds across the C=0O bond
= AHCImoleculeis eliminated

Amide formation reactions using acyl chlorides
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//O /Or—BAMIDE ,
CH;—CH,—C_ + NH; —> CH;—CH,~€_ + HClL Yournotes
cl NH,
PROPANOYL | | AMMONIA | | PROPANAMIDE |
CHLORIDE
PRIMARY SUBSTITUTED
/ AMINE //O = AMIDE
CHy—CH,—C_ + CHy—NH, —> CHy— CH,—€{ + HCl
Cl NH=-CH,
PROPANOYL | METHYLAMINE | N ~METHYLPROPANAMIDE
CHLORIDE
BB DARY SUBSTITUTED

y ﬂAMwNE AMIDE
Cl CH,

PROPANOYL DIMETHYL N, N/ —DIMETHYLPROPANAMIDE
CHLORIDE AMINE

Acyl chlorides undergo condensation reactions with ammonia and amines to form amides
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Addition-Elimination Reactions of Acyl Chlorides

Mechanism of Addition - Eliminationin Acyl Chloride Reactions

= Acylchlorides undergo addition-elimination reactions such as hydrolysis, esterification reactions to
form esters, and condensation reactions to form amides
= The general mechanism of these addition-eliminationreactions involves two steps:
= Step1- Addition of a nucleophile across the C=O bond
= Step 2 - Elimination of a small molecule suchas HCl orH,O

Mechanism of hydrolysis of acyl chlorides

= Inthe hydrolysis of acyl chlorides, the water molecule acts as a nucleophile
= Thelone pair of the oxygen atom from water carries out an initial attack on the carbonyl carbon
= Thisis followed by the elimination of a hydrochloric acid (HCI) molecule
Reaction mechanism of the hydrolysis of acyl chlorides

STEP 1: NUCLEOPHILIC ADDITION

Co~ 7

S+
CH4CH,— C ———>  CH,CH,— <|: —ClL
PROPANOYL Cl o'
CHLORIDE H 1 H
:0
N
H

STEP 2: ELIMINATION
HeR
|é> //o
CH3CH2—C—K§|. —> CH3CH,— C\ + HClL

L. OH
28
H | PROPANOIC ACID |

The two-step addition-elimination reaction mechanism of propanoyl chloride to form propanoic acid

Formation of esters: reaction mechanism
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= |nthe esterificationreaction of acyl chlorides, the alcohols or phenols act as a nucleophile
= Thelone pair of the alcohol / phenol oxygen atom carries out aninitial attack on the carbonyl
carbon
= Thisis again followed by the elimination of an HCI molecule
= With phenols, the reactionrequires heat to proceed and needs to be carried out in the presence of a
base
= The base deprotonates the phenol to form a phenoxide ion which is a better nucleophile than the
phenol molecule
= The phenoxide ion carries out aninitial attack on the carbonyl carbon
= Asmallmolecule of NaClis eliminated

Reaction mechanism of the esterification of acyl chlorides with alcohols

STEP 1: NUCLEOPHILIC ADDITION

Pl _
Co O
G+ 7 |
CH;CH,—C ———>  CH;CH,— <|: —Cl
PROPANOYL Cl O—H
CHLORIDE I
:0— CH.CH CH,CH;
| 2 3
H

STEP 2: ELIMINATION

HoR
< P
CH;CH,—CTCL  ———>  CH,CH,—C_ + HCL
& O—CH,CH,
O*H

| ETHYL PROPANOATE |

CH,CH,

The two-step addition-elimination reaction mechanism of propanoyl chloride and ethanol to form ethyl
propanoate and water

Reaction mechanism of the esterification of acyl chlorides with phenols

Page7of13

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

STEP 1: GENERATING THE NUCLEOPHILE

CH O Nd*
HEAT
+ NaOH ————> + H,0
PHENOXIDE

STEP 2: NUCLEOPHILIC ADDITION

/E NUCLEOPHILE |

é()/zo Nq ?_Nq+
Cr7
CH,CH,—C> ——>  CH—CH—C—cl
Cl 0
PROPANOYL SODIUM
CHLORIDE PHENOXIDE 10N

STEP 3: ELIMINATION

O~ Na* 0
|)[w Y
CH3—CH2—({,— Cl _— CH3—CH2—C\ + NaCl
@)
@)

PHENYL PROPANOATE

The three-step addition-elimination reaction mechanism of propanoyl chloride with phenol to form
phenyl propanoate

Formation of amides: reaction mechanism
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= The nitrogen atomin ammonia and primary/secondary amines act as a nucleophile
= Thelone pair of the nitrogen atom carries out aninitial attack on the carbonyl carbon
= Thisis followed by the elimination of an HCImolecule
= Bothreactions of acyl chlorides withammonia and amines are vigorous however there are also
differences
= \Withammonia - The product is a non-substituted amide and white fumes of HCl are formed
= Withamines - The productis a substituted amide and the HCl formed reacts with the unreacted
amine to form a white organic ammonium salt

Reaction mechanism of the formation of amides from acyl chlorides with ammonia

STEP 41: NUCLEOPHILIC ADDITION

- o}
59/0 |
CH,;CH,— C\ —_— CH3CH2—(|3—CL
Cl

PROPANOYL H—NZH
CHLORIDE
:NH, i
STEP 2: ELIMINATION
:0= O
< i
CHyCH,—C TGl ————> CHCHC—NH, + HCl
H-N™—H PROPANAMIDE |
E) |

The two-step addition-elimination reaction mechanism of propanoyl chloride and ammonia to form
propanamide

Reaction mechanism of the formation of amides from acyl chlorides with primary amines
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STEP 41: NUCLEOPHILIC ADDITION

G- o}
d+§o |
CH,CH,— C\ _— CH3CH2—(|:—CL
Cl

PROPANOYL H—N"—CH
CHLORIDE (l:Hs | 3
:||\| —H H
H

STEP 2: ELIMINATION

® I
CHyCH,—C Gl ———> CHyCH;—C—NH—CH, + HCL
HDITILCH3 [ METHYLPROPANAMIDE |

H

STEP 3: ACID-BASE REACTION

‘[ESAME NUCLEOPHILE]
HCL + — > CH,NHCr

[ AMMONIUM SALT |

The addition-elimination reaction mechanism of propanoyl chloride and methylamine to form
methylpropanamide

Reaction mechanism of the formation of amides from acyl chlorides with secondary amines
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STEP 41: NUCLEOPHILIC ADDITION

o- 0
Co |

¥
CH,CH,— C\ —_— CH,CH,—C—Cl

S |
PROPANOYL Cl H— N+_ CH3
CHLORIDE
CH,
&E NUCLEOPHILE |
STEP 2: ELIMINATION
HoR 0O
< [
CH3CH2—<|3—Q;l — CH3CH2—C—r|\l—CH3 + HCL
HDITIL CH, CH,
CH3 | DIMETHYLPROPANAMIDE l

STEP 3: ACID-BASE REACTION

\[ESAME NUCLEOPHILE]
HCL + > CHNHICT

[ AMMONIUM SALT |

The addition-elimination reaction mechanism of propanoyl chloride and dimethylamine to form
dimethylpropanamide
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Relative Ease of Hydrolysis

Hydrolysis of Acyl Chlorides, Alkyl Chlorides & Halogenoarenes

Hydrolysis is the breakdown of acompound using water

The ease of hydrolysis for different organic compounds may differ

Forexample, the ease of hydrolysis, starting with the compounds most readily broken down, is: acyl
chloride > alkyl chloride > aryl chloride

This trend can be explained by looking at the strength of the C-ClI

Strength of C-Clbondin acyl chlorides

Acyl chlorides are hydrolysed most readily at room temperature

Thisis because the carbon bonded to the chlorine atom s also attached to an oxygen atom

There are two strong electronegative atoms pulling electrons away from the carbonyl carbon, leaving
itvery &*

The C-Clbondis therefore weakened and nucleophilic attack of the carbonyl carbonis much more
rapid

Hydrolysis of acyl chlorides
VERY ELECTRON DEFICIENT

TWO ELECTRONEGATIVE

ATOMS
@] O
- HEAT Y
R_Cj ROOM TEMP R_C< + HCL
Cl ' OH

WEAKENED C-CL BOND
| ACYL CHLORIDE |

The hydrolysis of acyl chlorides occurs most readily

Strength of C-Clbondin alkyl chlorides

The carbonyl carbonin alkyl chlorides is only attached to one electronegative atom which pulls
electrons away fromit

This carbon atomis therefore not very 8+ and the C-Clbond s stronger than the C-Clbondin acyl
chlorides

The hydrolysis of alkyl chlorides, therefore, requires a strong alkali (such as OH") to be refluxed with it
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= An OH~ionwillhydrolyse the alkyl chloride as it is a stronger nucleophile than H,O ,

Hydrolysis of alkyl chlorides Your notes

ELECTRON DEFICIENT
RELATIVELY STRONG C-Cl BOND
ONE ELECTRONEGATIVE ATOM

/’ NaOH

R—C=Cl ———> R—C—0OH + NaCl
HEAT

| ALKYL CHLORIDE |

The hydrolysis of alkyl chlorides requires a strong nucleophile

Strength of C-Clbondin aryl chlorides

= |narylchlorides, the carbon atom bonded to the chlorine atomis part of the delocalised 1t bonding

system of the benzenering
= One of the lone pairs of electrons of the Clatom overlaps with this delocalised system

= The C-Clbond, therefore, has some double-bond character causing it to become stronger
= Asaresult, the C-Clbondis difficult to break and hydrolysis will not occur

Hydrolysis of aryl chlorides

C-Cl HAS PARTIAL
DOUBLE BOND CHARACTER
AND IS VERY STRONG

Cl
H,0 NO HYDROLYSIS
: REACTION

| ARYL CHLORIDE |

Due to the strong C-Clbondin aryl chlorides, these compounds will not undergo hydrolysis
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