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1. Introduction

Carbonyl compounds bonded to an electronegative atom called an acyl
group. These include carboxylic acids and their derivatives such as acid

chlorides.

General structure

acyl group
Z = electronegative atom

2-Nomenclature

The names of carboxylic acid derivatives are formed from the names of the
parent carboxylic acids discussed in section previous. Keep in mind that the
common names formic acid, acetic acid, and benzoic acid are virtually always
used for the parent acid, so these common parent names are used for their

derivatives as well.
» Naming an Acid Chloride—RCOCI

The most common acyl halides are the acid chlorides (acyl chlorides), and we

will generally use acid chlorides as examples.

O O O
|+ | |.—
R—C —halogen R—C—ClI R—C—Br
an acid halide acid chloride acid bromide
(acyl halide) (acyl chloride) (acyl bromide)

The halogen atom of an acyl halide inductively withdraws electron density
from the carbonyl carbon, enhancing its electrophilic nature and making acyl
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halides particularly reactive toward nucleophilic acyl substitution. The halide

ion also serves as a good leaving group.

"0") 0%
0:
T3 .. < /7 .
R—C— Cl: =——= R—CT Cl: —— R—C\ :Cl:
; - | - %
Nuci— I|\Tuc Nuc leaving group

Acid chlorides are named by naming the acyl group and adding the word

chloride. Two different methods are used.

[1] For acyclic acid chlorides: Change the suffix -ic acid of the parent

carboxylic acid to the suffix -yl chloride; or

[2] When the — COCI group is bonded to a ring: Change the suffix -carboxylic
acid to -carbonyl chloride.

Naming
acid chlorides

0

CH; Cl
\—V—l

Q=

derived from
acetic acid

acetyl chloride

I
CH,—C—F

ethanoyl fluoride
acetyl fluoride

CH;—CH,—C—Cl
propanoyl chloride

propionyl chloride

O
I

N
O™

\ﬂ_.«’

derived from
cyclohexanecarboxylic acid

cyclohexanecarbonyl chloride

ro

CH,—CH—CH,—C—Br
3-bromobutanoyl bromide
B-bromobutyryl bromide
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CHyCH,CH ™~ "C

CHj4
- —

derived from
2-methylbutanoic acid

2-methylbutanoyl chloride
I
Cc—Cl

cyclopentanecarbonyl chloride



Problem: Give the IUPAC name for each compound.

CHs ?Ha
a. CH4CH,CHCH,CHCOCI

s 0
I/
b. GHscHECHECH—(‘{:
OCH(CHy),
Solution

a. The functional group is an acid chloride bonded to a chain of atoms, so the name ends in -y/

chloride.

[1] Find and name the longest chain
containing the COCI:

g0t
CHaCH,CHCH,CHCOC!

hexanoic acid — hexanoyl chloride

(6C’s)

[2] Number and name the substituents:

g
CHaCH,CHCH,CHCOC!

C4 C2Ct

Answer:
2,4-dimethylhexanoyl chloride

b. The functional group is an ester, so the name ends in -ate.

[1] Find and name the longest chain
containing the carbonyl group:
CH3 O
Y

I
CHsCHECHgCH—C\

OCH(CH,),

pentanoic acid — pentanoate
(5C's)

[2] Number and name the substituents:

o ¢
I/
CHiCH,CH,CH-G —C
OCHCH;
2 Ly

Isopropyl group
Answer: isopropyl 2-methylpentanoate

The name of the alkyl group on the O atom
goes first in the name.
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Problem: Give an IUPAC or common name for each compound

o I I
I _ _C

a. (CHCH2,CHCOCI d.  _C._ . e. CHsCH; O

b. CeHsCOOCH; H HoCH;

c. CH-.CH.CON(CH:YCH.-CH
4CH,CON(CH;)CH,CH, . /\)\/CN

Solution
a. (CH43CH,),CH—COCI b. CgHsCOOCH,
re-draw re-draw
o} 0
Cl 2-ethylbutanoyl chloride OCH, methyl benzoate
-— 2-ethyl

alkyl group = methyl

acyl group =
benzoate

Problem: Draw the structure corresponding to each name.

a. 5-methylheptanoyl chloride e. 3-methylpentanenitrile
b. isopropyl propanoate f. 0-cyanobenzoic acid
c. acetic formic anhydride g. sec-butyl 2-methylhexanoate

d. N-isobutyl-N-methylbutanamide  h. N-ethylhexanamide
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3. Introduction to Nucleophilic Acyl Substitution

The different behavior toward nucleophiles of aldehydes/ketones and
carboxylic acid derivatives is a consequence of structure. Carboxylic acid
derivatives have an acyl carbon bonded to a group-Y that can leave as a stable
anion. As soon as addition of a nucleophile occurs, the group leaves and a new
carbonyl compound forms. Aldehydes and ketones have no such leaving

group, however, and therefore don’t undergo substitution.

A leaving group NOT a leaving group
O O 0
1 | I
R Y H’/CH“H R R
A carboxylic acid An aldehyde A ketone
derivative ) -

This is a general reaction that occurs with both negatively charged

nucleophiles (Nu:—) and neutral nucleophiles (HNu:).

Nucleophilic substitution

Nu replaces Z.

E:l) N, E;') + Z
R™ Z or R “Nu or> leaving group
HNu: H—Z
!
nucleophile

 Carboxylic acid derivatives (RCOZ) react with nucleophiles because they

contain an electrophilic, unhindered carbonyl carbon.

» Substitution occurs, not addition, because carboxylic acid derivatives

(RCOZ) have a leaving group Z on the carbonyl carbon.
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Mechanism General Mechanism—Nucleophilic Acyl Substitution

:0: O:) :0:

f([.'; | T -
L, — BRCzZ —— (Cc_ + Z
H/ Z ] ;«'1[" 2l R Nu

‘Nu™

u
tetrahedral substitution
intermediate product

nucleophilic attack loss of a leaving group

[Z = CI, OCOR, OH, OR', NR']

Oxygen nucleophiles Nitrogen nucleophiles
:OH H,0: ROH R—C\ NH5 RNH, RoNH
:0:
nucleophile product by-product
v ! v
O O
Il NH; Il
A e - 0 + HCI
CH; ClI CH; NH,
1° amide
T 7
C\ + C\
ester

Each reaction results in the replacement of the leaving group by the
nucleophile, regardless of the identity of or charge on the nucleophile. To

draw any nucleophilic acyl substitution product:
* Find the sp2 hybridized carbon with the leaving group.
* Identify the nucleophile.

o Substitute the nucleophile for the leaving group. With a neutral

nucleophile a proton must be lost to obtain a neutral substitution product.
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Problem: Draw the products of each reaction.

O 0]
I CH5;0OH I

NH,
L b. C.
CH; Cl CH; OCH,CHj

—_

» Reactions of Acid Chlorides

Acid chlorides readily react with nucleophiles to form nucleophilic
substitution products, with HCI usually formed as a reaction by-product. A
weak base like pyridine is added to the reaction mixture to remove this strong

acid, forming an ammonium salt.

General reaction

T T
_CE + H—Nu: —— _Cg + H-CI
R Cl R Nu by-product
S
I— Nu replaces CI. ——T | - |
S ﬁ/’
| P A ClI~
N
pyridine
nucleophile product
9 Q o 0
[l 1l .
1 C. + __C, —— C. C. + CI anhydrides
1 g 0" 'R R0 R
carboxylate anion
0 g S
2] __Co + HO —— __Cg + | carboxylic acids
R Cl pyridine R™ OH NG
H CI-
9 | Q X
[B __C. + ROH 7 C + | esters
R™ Cl pyridine R™ TOR' .
N
H CI
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nucleophile product
| v
i i
M __C.. + NHg —— _.Cg + HC
: R NH
R (2 equiv) - [ NHs |, cr
1° amide
. i
[l
[2] _.C. + RNH, —— Orge] + HCD
2° amide
. i
[l
[3] ,.-‘C"-» + HI2NH - /C\ i + HC
R™ Cl - R™ [ NR? R,NH +
(2 equiv) : | P2 R,NH, CF
3° amide
Q 0
& I
~cl C\LN/CHQCHS .
+ H—N(CH,CHj), — | +  (CH3CHy)oNH,
) CH,CH;4
diethylamine _
CHj (excess) CHy Ci
N N-diethyl-m-toluamide
(DEET)

Problem : Draw the products formed when benzoyl chloride (C6H5COCI) is
treated with each nucleophile:

(@) H20, pyridine; (b) CH3COO-; (c) NH3 (excess); (d) (CH3)2NH
(excess).
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I
R—C—Cl

acid chloride
(acyl chloride)

R—C—Cl
acid chloride
(acyl chloride)

|
R—C—OH + HCI

(i
acid
T
R'OH
— R—C—0OR" + HC1
ester
O
R'NH, |
E— R—C—NHR" + HCl1
amide
T 7
R COOH
—_— R—C—0O—C—R" + HC1
anhydride
El}I—I
(1) 2 R MgX " e
(2) H,O - R ?T R
R’
3® alcohol
(8]
R;,Culi |
> R—C—R-
or LiAlH,
>0 > R —CH,OH
1 alcohol
(8]
LiAIH(O--Bu) I
> R—C—H
aldehyde
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