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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

esters,.

General structure

:c”):
(Gl oo
R ~Z
—_—
acyl group

Z = electronegative atom

Carboxylic acid derivatives are defined as compounds with functional groups

that can be converted to carboxylic acids by a simple acidic or basic

hydrolysis.
0 0 O O O
| | | | |
R—C—X R—C—0—C—R R—C—O0—F R—C—NH, R—C=N
acid halide anhydride ester amide nitrile
Condensed structure: RCOX (RCO),0 RCO,R’ RCONH, RCN

All of these compounds contain an acyl group bonded to an electronegative
atom Z that can serve as a leaving group. As a result, these compounds

undergo nucleophilic acyl substitution.

Recall that aldehydes and ketones do not undergo nucleophilic substitution

because they have no leaving group on the carbonyl carbon.

Q 0
C. N7, /&K + :Z=  Nureplaces Z.
z R™ “Nu

Z =0H, Cl, OCOR, OR', NR's

Nucleophilic substitution
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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 Ester—RCOOR'

O O
+

R—C—O0OH + R’"—OH = R—C—O—R" + H,0O

acid alcohol ester

An ester has two parts to its structure, each of which must be named: an acyl
group (RCO -) and an alkyl group (designated as R") bonded to an oxygen
atom.

“ In the IUPAC system, esters are identifi ed by the suffi x —ate.
¢ Esters are often written as RCOOR', where the alkyl group (R') is
written last. When an ester is named, however, the R' group appears

first in the name.

HOW TO Name an Ester (RCO2R") Using the IUPAC System?

Example Give a systematic name for each ester:

0]
O Il CHg

1 C |
a. C b. ~O—C-—
CH; TOCH,CH;, rf CHa
CHg

Stepl:- Name the R' group bonded to the oxygen atom as an alkyl group.
* The name of the alkyl group, ending in the suffix -yl, becomes the first part
of the ester name.
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CH
_C. »ethyl group C. 3 &« tert-butyl group
CHy~ ~OCH,CHs O’ ~o— G CH,4

CHE

Step [2] Name the acyl group (RCO -) by changing the -ic acid ending of the
parent carboxylic acid to the suffix -ate

*The name of the acyl group becomes the second part of the name.

o
'E,:," I CHg
_.-«"C - c ‘-.O ]
CHj OCH,CHj, —C—CH,
— CH,
derived from S
acetic acid ---- acetate derived from
cyclohexanecarboxylic acid ——— - cyclohexanecarboxylate
Answer: ethyl acetate Answer: tert-butyl cyclohexanecarboxylate
0
| e . Il
CH,CH,—OH + HO—C—CH, = CH,CH,—O0—C—CH; + H,0
IUPAC name: ethanol ethanoic acid ethyl ethanoate
common name: ethyl alcohol acetic acid ethyl acetate
I B 1
[UPAC name: 1-methylethyl methanoate phenyl benzoate methyl 2-phenylethanoate
common name: isopropyl formate pheny] benzoate methyl phenylacetate
T 1 I
Ph—CH,—O0—C—CH—CH, CHj—O—C4C| QO—C—H
[UPAC name: benzyl 2-methylpropanoate methyl cyclopentanecarboxylate cyclohexyl methanoate
common name: benzyl isobutyrate methyl cyclopentanecarboxylate cyclohexyl formate

Lactones Cyclic esters are called lactones. A lactone is formed from an

open-chain hydroxy acid in which the hydroxy group has reacted with
the acid group to form an ester.
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O O
H\ < on H\ d
H—C™ pe H—C 7\
5 /O—H —— | 5 /0 + H0
H—C_} H—C!
/K /R
VAN VAN
H H H H
[UPAC name: 4-hydroxybutanoic acid 4-hydroxybutanoic acid lactone
COmmon name: y-hydroxybutyric acid y-butyrolactone

The IUPAC names of lactones are derived by adding the term lactone
at the end of the name of the parent acid. The common names of
lactones, used more often than IUPAC names, are formed by changing
the -ic acid ending of the hydroxy acid to -olactone. A Greek letter
designates the carbon atom that bears the hydroxy group to close the

ring. Substituents are named just as they are on the parent acid.

CH,
[UPAC name: 5-hydroxypentanoic acid lactone 4-hydroxy-2-methylpentanoic acid lactone
COmMIMON Name: d-valerolactone a-methyl-y-valerolactone
H H
- + -
10 o :0 :0
g (|: concentrated acid ” (|:
PSS ., PN > U , Al
R III—R R \ITI—R R | —R R ‘“T—R
R’ R’ R R
very weakly basic protonation on oxygen
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PROBLEM : Name the following carboxylic acid derivatives, giving both a
common name and an IUPAC name where possible.

(a) PhCDOCHZCH(éH})z (b) PhOCHO (¢) PhCH(CH;)COOCH;4
(d) PANHCOCH,CH(CH,), (e) CH;CONHCH,Ph (f) CH,CH(OH)CH,CN
(g) (CH;),CHCH,COBr (h) CI,CHCOCI (i) (CH;),CHCOOCHO
1) O )]
I ® PhCONH
o~
O
8]
(m) 0 (n) OH (o) H, COOH
g e
O
H CN
(p) COCl1 (q) O (r) 'ﬁ'
Br (Hint: Named as a
CH,CH; piperidine derivative.)
Solution:

(Hint: Named as a piperidine derivative.)

(a) isobutyl benzoate (both IUPAC and common)

(b) phenyl methanoate: phenyl formate

(c) methyl 2-phenylpropanoate; methyl a-phenylpropionate

(d) 3-methyl-N-phenylbutanamide: B-methylbutyranilide

(e) N-benzylethanamide: N-benzylacetamide

(f) 3-hydroxybutanenitrile: B-hydroxybutyronitrile

(g) 3-methylbutanoyl bromide: isovaleryl bromide

(h) dichloroethanoyl chloride: dichloroacetyl chloride

(1) methanoic 2-methylpropanoic anhydride: formic isobutyric anhydride
(J) cyclopentyl cyclobutanecarboxylate (both IUPAC and common)
(k) 5-hydroxyhexanoic acid lactone: &-caprolactone

(1) N-cyclopentylbenzamide (both IUPAC and common)

(m) propanedioic anhydride: malonic anhydride

(n) 1-hydroxycyclopentanecarbonitrile: cyclopentanone cyanohydrin
(0) cis-4-cyanocyclohexanecarboxylic acid; no common name

(p) 3-bromobenzoyl chloride: /m-bromobenzoyl chloride

(@) 5-(N-methylamino)heptanoic acid lactam: no common name

(r) N-ethanoylpiperidine: N-acetylpiperidine
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3. Conversion of RCOOH to RCOOR'

Treatment of a carboxylic acid with an alcohol in the presence of an acid

catalyst forms an ester. This reaction is called a Fischer esterification.

Fischer esterification

O O
(l_'ll R'OH doal (l_'ll H,0O
+ ' +
R™ “OH R™ TOR :
Examples I(l:l} HySO, (I:I)
PN + CH;CH,OH _C. H,0
CH; OH CH; OCH,CH4

ethyl acetate

0
Il

0
C + CH.OH 204 & + HO
O/ “OH 3 D O/ “OCH, z

methyl benzoate

Esterification of a carboxylic acid occurs in the presence of acid but not in the
presence of base. Base removes a proton from the carboxylic acid, forming a

carboxylate anion, which does not react with an electron-rich nucleophile.

Both species are electron rich.

:{ﬁj: :{R: . :{l’_l):
- R'OH
CX] ~— _. C.Xx o _C...
R Qﬂ—H + I0H — R 0 —»—> R OR
T +
H,0O:

~OH acts as a base, “
not a nucleophile.
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Intramolecular esterification of y- and 8-hydroxy carboxylic acids forms five-

and six-membered lactones.

O o)
OH H,50,
E— O + H,0
OH
f
y carbon v-lactone
(0] O
OH H,SO, O
e + H,0
OH
0 carbon o-lactone

Problem: Draw the products of each reaction.

COOH
COOH C. —_—

H,SO,
COOH o
MOH /\/\/lL H2804
H,S0, d. HO OH
/\/\/LCDDH + CH4CH,OH ﬂ_ N\/I\ C,DGHZCHa + H,O
Il
o
COOH Y
©/ R T @/‘-’mm + 1O
Q
COOH C.__
O~ Na*
O
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4. Reactions of Esters
Esters can be converted into carboxylic acids and amides.

* Esters are hydrolyzed with water in the presence of either acid or base to

form carboxylic acids or carboxylate anions.

Ester hydrolysis

O O O
C 120 C 0 C + R'OH
- g = T r -~
R™ "OR (H*orOH) R~ "OH R™ O
carboxylic acid carboxylate
(in acid) anion
(in base)

¢ Ester Hydrolysis in Aqueous Acid

The hydrolysis of esters in aqueous acid is a reversible equilibrium reaction

that is driven to the right by using a large excess of water.

O
Il

/C"‘-..
CH; OCH,CHj

O
H,SO4 T

C + CH.CH,OH
CH; “OH e

+ H,O

¢ Ester Hydrolysis in Aqueous Base

Esters are hydrolyzed in aqueous base to form carboxylate anions. Basic

hydrolysis of an ester is called saponification.

C
"OCH;  ~OH O . CH.OHM
H,0 3

carboxylate anion

T R
C
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Esters react with NH3 and amines to form 1°, 2°, or 3° amides.

Reaction with nitrogen
nucleophiles

A 2 9
C - c or C or C- + ROH
R™ TOR' R™ "NH, R™ "NHR" R™ "NR",
(with NHa) (with R"NH,) (with R";NH)
1° amide 2° amide 3° amide
O
H,0 |
g R—C—OH + ROH
acid
I
R"OH i . .
L SN —C—
Trpw— R—C—OR” + R'OH
ester
1 I
g , R”NH
R—C—OR" L % , R-—C—NHR" + ROH
cSlET amide
(1) LiAlH, o :
S0 R—CH,OH + ROH
B 1 alcohol
OH
(1) 2 R"MgX |
e .
—}{EJHED R 'TT R + R'OH
R
3 alcohol
(1) DIBAL-H {ﬁ
=78 °C C—H R'OH
2 H.0 R—C +
B aldehyde
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