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21.4: CHEMISTRY OF ACID HALIDES

40 OBJECTIVES

After completing this section, you should be able to

1. identify the reagent normally used to convert a carboxylic acid to an acid bromide.
2. write equations to show how an acid halide may be converted into each of the following: a carboxylic acid, an ester, an amide.
3. write a detailed mechanisms for the reaction of an acid halide with each of the following: water, an alcohol, ammonia, a primary or
secondary amine.
4. identify the product formed when a given acid halide reacts with any of the following reagents: water, an alcohol, a primary or
secondary amine.
5. identify the acid halide, the reagents, or both, needed to prepare a given carboxylic acid, ester or amide.
6. identify the product formed when a given acid halide reacts with water, a given alcohol, ammonia, or a given primary or secondary
amine.
7. identify lithium aluminum hydride as a reagent for reducing acid halides to primary alcohols, and explain the limited practical value
of this reaction.
8. identify the partial reduction of an acid halide using lithium tri-tert-butoxyaluminum to form an aldehyde.
9. write an equation to describe the formation of a tertiary alcohol by the reaction of an acid halide with a Grignard reagent.
10. write a detailed mechanism for the reaction of an acid halide with a Grignard reagent.
11. identify the product formed from the reaction of a given acid halide with a given Grignard reagent.
12. identify the acid halide, the Grignard reagent, or both, needed to prepare a given tertiary alcohol.
13. write an equation to illustrate the reaction of an acid halide with a lithium diorganocopper reagent.
14. identify the product formed from the reaction of a given acid halide with a given lithium diorganocopper reagent.
15. identify the acid halide, the lithium diorganocopper reagent, or both, that must be used to prepare a given ketone.

Acid halides are highly reactive carboxylic acid derivatives. As such they are able to be used to synthesize many other carboxylic acid
derivatives.

FORMATION OF ACID HALIDES

Carboxylic acids react with thionyl chloride (SOCI,) to form acid chlorides. A nucleophilic acyl substitution allows for the replacement of
the carboxylic acid ~OH with a chloride atom.
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Earlier (Section 10.5), we saw that primary and secondary alcohols react with phosphorous tribromide (PBr5) to afford the corresponding
alkyl bromide. In a similar fashion, acid bromides can be formed from the corresponding carboxylic acid by reaction with PBrj.
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REACTIONS OF ACID HALIDES

The high reactivity of acid halides allows them to be easily converted into other acyl compound through nucleophilic acyl substitution.
Depending on the nucleophilic reagent applied, acid halides can be used to create carboxylic acids, anhydrides, esters, amides, or ketones.
Also, acid halides undergo a double nucleophilic addition with LiAlH4 to produce primary alcohols and Grignard reagents to produce
tertiary alcohols. Although this section will only represent reactions with acid chlorides, other acid halides undergo similar reactions.
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CONVERSION OF ACID CHLORIDES TO CARBOXYLIC ACIDS: HYDROLYSIS

Acid chlorides are converted into carboxylic acids through a nucleophic acyl substitution with water. This reaction follows the typical
mechanism where a water nucleophile attacks the electrophilic carbonyl carbon to form a tetrahedral alkoxide intermediate. The carbonyl
bond is reformed and Cl- is eliminated as a leaving group. Because water is a neutral nucleophile, an oxonium intermediate in produced.
The oxonium intermediate is deprotonated by the chloride anion to produce a neutral carboxylic acid and HCI. The HCI is commonly
removed from the reaction mixture by a basic work-up.

GENERAL REACTION
o] o}
|

d +  HO e ¢ +  Hel
R™ ~CI R™ TOH
Hydrochloric Acid
Acid Chloride Carboxylic Acid
EXAMPLE
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HaC l:| + HO —————» Hc l:| Hcl
e el - SoH
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Propanoyl Chloride Propancic Acid
MECHANISM
1) Nucleophilic attack by water
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Water Tetrahedral Intermediate

2) Leaving group is removed
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CONVERSION OF ACID CHLORIDES TO ANHYDRIDES

Acid chlorides react with carboxylic acids to form anhydrides through a nucleophilic acyl substitution. Because the carboxylic acid
nucleophile is neutral, HCI is produced as a side-product during the reaction and is typically removed as part of a basic work-up. Both
symmetrical and asymmetrical anhydrides can be created using this reaction. Carboxylates can also be used to form anhydrides in a similar
reaction under basic conditions.

GENERAL REACTION

i 1
+ _ + HC
- C e '
Acid Chloride  Carboxylic Acid Acid Anhydride
EXAMPLE
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~e * ¢ 0" "CH, * HCI
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Acetic Acid
Benzoyl Chloride Acetic Benzoic Anhydride
MECHANISM
1) Nucleophilic attack by a carboxylic acid
j Q“d'
Acid Chloride (|:| ’ | ’
R J\CI R—C—cClI
i @“g 0
. |
Carbaxylic Acid

2) Leaving group removal
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CONVERSION OF ACID CHLORIDES TO ESTERS: ALCOHOLYSIS
Acid chlorides react with alcohol nucleophiles to produce esters. This reaction is the preferred method for preparing esters. Pryidine is often
added to the reaction mixture to remove the HCI produced.

GENERAL REACTION

i i
_C.. + HOR —_— C._F + HCI
R Cl R (0]
Acid Chloride Alcohol Ester
EXAMPLE
1 i
@/me + HO—CH,CH;, —— = @/C\O/CHZCH3
Ethanol
Benzoyl Chloride Ethyl Benzoate
MECHANISM
1) Nucleophilic attack by an alcohol
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3) Deprotonation
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This reaction is particularly affected by steric hindrance so bulky alkyl groups on either the acid chloride or the alcohol significantly
decrease the rate. For a given acid chloride there is a reactivity order among alcohols of primary > secondary > tertiary. If a compound has
multiple alcohols the less hindered one will be selectively esterified.

Secondary Alcohol
MoreStericaly Hindered Primary Alcohol
Less Reactive Less Stericaly Hindered
More Reactive

0
o] HO
HO- Pyndine O%
oH 7 ——
Ccl

CONVERSION OF ACID CHLORIDES TO ALDEHYDES: REDUCTION

Acid chlorides can be converted to aldehydes using a hindered reducing agent such as lithium tri-tert-butoxyaluminum hydride LiAIH(Ot-
Bu); or diisobutylaluminum hydride (DIBALH). These hydride sources are weaker reducing agents than lithium aluminum hydride in part
because they are sterically hindered. Also, they have only one equivalent of hydride which makes stoichiometric control of hydride addition

much easier.
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lithium tri-tert-butoxyaluminum hydride diisobutylaluminum hydride

The mechanism of this reaction is analogous to the hydride reduction of carboxylic acids. We have previously seen that LiAlH, will reduce
carboxylic acids to 1° alcohols thorough an aldehyde intermediate. In that case, the aldehyde intermediate was actually more reactive to
hydride reduction than the carboxylic starting material. This prevented the isolation of the aldehyde intermediate because of it quick
conversion to the 1° alcohol. LiAlH, would also convert acid chlorides to 1° alcohols but this reaction would be inefficient because it would
be easier to perform the reaction on the corresponding carboxylic acid.

Because acid chlorides are highly activated, they will still react with the weaker hydride sources, to form an aldehyde. Once formed, the
aldehyde competes with the remaining acid chloride for the remaining hydride reagent. However, acid chlorides are more reactive towards
nucleophilic attack than aldehydes. The acid chloride starting material is quickly consumed by hydride reduction before the aldehyde has a
chance to react allowing for isolation of the resulting aldehyde. Using a reaction temperature of -78 °C also helps to isolate the aldehyde as
the product by further slowing the aldehyde reduction reaction.

GENERAL REACTION
LiCl

(o] LiAIH(Ot-Bu);
| Lithium Chlonde

| B —— e

R Tl R~ H Al(Ot-Bu);

tri-tert-butoxyaluminum
Acid Chloride Aldehyde

EXAMPLE
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CONVERSION OF ACID CHLORIDES TO AMIDES: AMINOLYSIS

0—0

Benzaldehyde

Ammonia, 1° amines, and 2° amines react with acid chlorides to form 1°, 2° and 3° amides respectively. These reactions typically take

place rapidly at room temperature and provides high reaction yields.

The reaction is commonly run with an excess of the amine starting material. Without the excess the amine reactant would eventually
become protonated by the HCI produced by the reaction to form a non-nucleophilic ammonium compound. If the amine is not readily
available, the reaction is usually run with a base, such as NaOH or pyridine, to neutralize the HCI produced.

GENERAL REACTION

o
° I H
®
‘u + 2 H—N —_— R/C\\N/ + >N< el ®
R al ‘ H
Protonated Amine
Acid Chloride Amine Amide
EXAMPLES
o}
; ) ||
H + 2 H—N —_— A M + NH,4CI
L HsC N
H3C cl H |
H Ammonum Chlonde
Ethanoyl Chlonde Ammonia
Ethanamide
(A 17 Amide)
o]
o | o o
+ 2 H;N—CH;CH; — = P + H3CH;C—NH; CI
1 H;N—CH,CH C. ~CHLHs 1CH, 5
S H;C N
HsC Cl |
L H
Ethy] Amine Ethy] Ammonium Chleride
Ethanoy] Chlaride (A 17 Amine) MN-Ethy] Ethanamide
(A 27 Asmide)
0
(o] CH,CH;4 Il H CH,CH,
I + 2 H— [ /C\‘ /CHZCHS + =} \
/C\ H,C N Cl "/
H,C cl \CHZCHg H \CHQCHs
H,CH,
Ethanay! Chloride Diethylamine N.N-Diethylethanamide Diethvlammonnun Chloride
(A 2% Anune) (A 3° Amide)
MECHANISM

The mechanism of aminolysis follows a typical nucleophilic acyl substitution. The

amine nucleophile attacks the carbonyl carbon of the

acid chloride forming an alkoxide tetrahedral intermediate. The -ClI leaving group is eliminated, allowing the carbonyl bond to be reformed.
Because amines are neutral nuleophiles a protonated amide is produced after this step. In the last step of the mechanism, a second amine

acts as a base, removing a proton, and allowing for the amide product to be formed.

1) Nucleophilic attack by an amine
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v EXAMPLE 21.4.1

How could the following molecule be synthsized using an aminolysis of an acid chloride?

N7
H

Solution
The key bond formed during this reaction is the C-N sigma bond between the carbonyl carbon and the nitrogen. Breaking this bond
separated the target molecule into the two required starting materials. The carbonyl carbon gains an —Cl to become an acid chloride and
the nitrogen fragment gains an H to become a 1° amine. The acid chloride and the 1° amine can then be joined to form the product.
O
I Add €l
— Cl

o / Br
@Aj SN
H
\ Add H

https://chem.libretexts.org/@go/page/474176



https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://chem.libretexts.org/@go/page/474176?pdf

LibreTextsm
o o]
©)'LCI + NS ©)Lﬁ/\

. Ethyl Amine N-Ethylbenzamide
Benzoyl Chloride

CONVERSION OF ACID CHLORIDES TO 3° ALCOHOLS: GRIGNARD REAGENTS

Addition of Grignard reagents converts acid halides to 3° alcohols while forming two C-C bonds. The Grignard reagent adds to the carbonyl
carbon twice during this reaction. First, as part of a nucleophilic acyl substitution to form a ketone intermediate. Then as part of a
nucleophilic addition to the ketone to form a 3° alcohol.

GENERAL REACTION

? 1) 2 R'MgBr c|)H
i Ether R—Cgp + MgBrCl
i Y
R™ ™l - R
2) H:0
Acid Chloride 39 Alcohol
PREDICTING THE PRODUCT OF A GRIGNARD REACTION
Convert the i
o o Add 2 of the Grignard R' R'
3 Remove Cl 9 c=0tocOH OH  Reagen's R Groups \C/
R™ "Cl rC R—C R

Q
H
EXAMPLE
o
d 1) 2 CH;CH,MgBr OH
©/ < . @—c—cmcm
2) H;0 —/  EH,CH,

Benzoyl Chlonde
3-Phenyl-3-pentanol

v EXAMPLE 21.4.2

Draw the products of the following reaction.
/\J\ 1) 2 CH;MgBr
o 2 HO
Solution

The carbanion nucleophile from the Grignard reagent is added to the carbonyl carbon twice. Once as part of a nucleophilic acyl
substitution which eliminates the ClI leaving group. Then again as part of a nucleophilic addition which converts the carbonyl C=0 into
an alcohol OH. These steps are combined to form a 3° alcohol.

= = Carbonyl Carbon

Reomove Convert the Add 2-CHa's
O the CI Clj C=0 to C-OH OH to the carbonyl OH
— - —_—
NJ'\Q P /\) " L /\/§CH3
Ha

This is the product

MECHANISM

The mechanism starts with the Grignard reagent’s carbanion nucleophile adding to the acid halide carbonyl to form a tetrahedral alkoxide
intermediate. The chloride leaving group is then eliminated, reforming the carbonyl to create a ketone intermediate. Once formed, the
ketone is in competition with the acid chloride for the Grignard reagent remaining. Although acid chlorides are more reactive toward
nucleophilic addition than ketones, the high reactivity of Grignard reagents makes isolating the ketone intermediate difficult. The reaction
mechanism continues with the addition of a second carbanion nucleophile to the ketone to form another tetrahedral alkoxide intermediate.
Protonation of the alkoxide as part of an acidic work-up creates the 3° alcohol product.

1) Nucleophilic attack
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CONVERSION OF ACID CHLORIDES TO KETONES: GILMAN REAGENTS

When acid chlorides are reacted with Grignard reagents the ketone intermediate is difficult to isolate because the addition of a second
equivalent of the highly reactive Grignard reagent rapidly occurs. Organocuprates however are significantly less reactive than organolithium
and organomagnesium reagents and when an acid chloride is reacted with a diorganocuprate (Gillman) reagent (R,CuLi), a ketone product
is produced in excellent yields.

GENERAL REACTION

(o]
4] 0
| R';Culi ﬂ e HO I ;
z P ~c - —_— + RCu + LiCl
/C\ —_— R u /C\
R €l Ether, -78°C Jl R R’ Alkylcopper Lithium Chlaoride
(Reacts with Water)
Acid Chloride . Ketone
Trialkyl Organocuprate
EXAMPLE
o] i o]
| 1) (CH3CH;) ,Culi, ”
c Ether -78 °C c
N — “CH,CH;
2)H,0
Benzaoyl Chloride 1-Phenyl-1-Propanone
MECHANISM

The copper atom in organocuprate reagents radically changes the reaction mechanism for their nucleophilic addition to acid chlorides.
Computational studies suggest that the reaction mechanism is more complicated than the typical “addition-elimination” sequence seen in
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nucleophilic acyl substitutions but rather involves multiple mechanistic steps involving complexation with copper and lithium.

The mechanism starts with an oxidative pi-complex formation between the Cu atom in Gilman reagents and the C=0 carbonyl bond in acid
chlorides. Next, the chloride atom is activated toward elimination through formation of a Lewis Acid/Base complex with a lithium cation.
The subsequent elimination of the —Cl leaving cleaves the C-Cl bond and forms a Cu-C bond creating a triorganocopper(III) intermediate. A
ketone product is formed when reductive elimination breaks the Cu™-C bond of the intermediate and forms a C-C bond between the
carbonyl carbon and an alkyl group from the organocuprate reagent. During the reduction step, copper gains two electrons forming an
alkylcopper (CuR) compound as a side product.

This mechanism, in part, explains the selectivity of organocuprates for acid chlorides. Acid chlorides are promoted for this reaction due to
the strong electrostatic interaction between chlorine and the lithium cation present. Most other carbonyls compounds, such as ketones,
carboxylic acids, esters, acid anhydrides, or amides lack this CI-Li interaction and react with organocuprate reagents either very slowly or
not at all. Because ketones do not react with organocuprate reagents, they are not subject to further nucleophilic additions and are easily
isolated as the product of this reaction.

o R Oxidative in R' . D - /R'
‘o " Pi Complex 0 _ Lewis Acid/Base :
|| - /I Formation | H‘““‘-c{,lll l:'tl‘r:|I;|('X(r1'ul'I|T|::iun | ;CU“'
/C\\ + it cul — /cf"\R' E— R/C\‘\+ -
R cl R R Cl._ =i
N L
. Li*
. ‘o
. R .
e B, | .
e e culk
\R' R R
LiCl

v EXAMPLE 21.4.3

How could the following molecule be synthesized using a Gilman reagent and an acid chloride?

]
/CH3

C
H:

Solution

The key bond formed during this reaction is the C-C sigma bond between the carbonyl carbon and an alpha carbon. Breaking this bond
separated the target molecule into two possible two starting materials. The carbonyl carbon gains an —Cl to become an acid chloride and
the alkyl fragment becomes part of a Gilman Reagent RyCuLi. The required alkyl fragment becomes the R group in the Gilman
reagent. Remember that the Gilman reagent has contains two of the alkyl fragment. Because ketones have two alpha carbons there
should be two possible acid chloride/Gilman reagent combinations to make this molecule.

Pathway 1
o 0
I Add C1
e Cl
0 /
_CH
f‘ﬁ :
2 \ Forn& a Gilman
— agent
H,C—CHs RN (CH;CH3):CuLi
Solution 1
O 1) (CH;CH>)>CulLi, o)
Ether, -78 °C
CI _— /CHS
2) H,0 H>
Pathway 2
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Solution 2
o) D (P):-Cul, O
Ether, -78 °C
H3C-. )'L 34’ C/CHS
C” °C H
H2 2) H-0 bl
EXERCISES
Q21.4.1
Draw the mechanism for the following reaction
| 9 9
(0]
_>
~ +
[o) HN o~
O\ /o
Q21.4.2
Propose a synthesis of the following molecules from an acid chloride and an amide.
O
P
N
@ |
o)
NN
H
(b)
@]
NH
(© 2
SOLUTIONS
S21.4.1

https://chem.libretexts.org/@go/page/474176



https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://chem.libretexts.org/@go/page/474176?pdf

LibreTextsw

,, Ll _.
@ —
e ¢

0\

S21.4.2

a. Acetyl chloride and dimethylamine
b. Benzoyl chloride and ethylamine
c. Acetyl chloride and ammonia

This page titled 21.4: Chemistry of Acid Halides is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Steven Farmer,
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