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21.1: NAMING CARBOXYLIC ACID DERIVATIVES

40 OBJECTIVES

After completing this section, you should be able to

. provide a satisfactory name for an acid halide of given structure.

. draw the condensed or shorthand structure of an acid halide, given either its commonly used or systematic name.
. provide a satisfactory name for an acid anhydride of given structure.

. draw the condensed or shorthand structure of an acid anhydride, given either its trivial or [UPAC name.
. provide an acceptable name for an amide of given structure.

. draw the condensed or shorthand structure of an amide, given its trivial or [UPAC name.

. provide an acceptable name for an ester of given structure.

. draw the condensed or shorthand structure of an ester, given either its trivial or IUPAC name.

. provide an acceptable name for a thioester of given structure.

. draw the condensed or shorthand structure of a thioester, given its trivial or [UPAC name.

. provide an acceptable name for an acyl phosphate.

. draw the condensed or shorthand structure of an acyl phosphate, given either its trivial or ITUPAC name.
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NOMENCLATURE OF ACID HALIDES, RCOX

The nomenclature of acid halides starts with the name of the corresponding carboxylic acid. If the corresponding carboxylic acid has an —oic
acid or —ic acid ending it is removed and replaced with the ending -oyl followed by the first syllable of the name of the halogen along with
an —ide ending.

However there are a number of specific exceptions where ITUPAC allows the ending -yl to be used instead. Examples are formic = formyl,
acetic =»acetyl, propionic =propionyl, butyric =butyryl, oxalic = oxalyl, and succinic = succinyl.

When the corresponding acid includes a -carboxylic acid ending, it is removed and replaced with the ending -carbonyl. This is followed by
the first syllable of the name of the halogen along with an —ide ending

The carbonyl carbon is given the #1 location number. The acid halide functional group is assumed to be on the end of the parent chain, so it
is not necessary to include the functional group location number in the name.

v EXAMPLE 21.1.1
o (o]
\)J\Br /YJ\CI

Propanoyl bromide 2-Methylbutanoyl chloride
(Propionyl bromide)  (2-Methylbutyryl chloride)

(¢} o]
O =0

Benzoic Acid Benzoyl Chloride
] 0]
Cyclopentanecarboxylic Acid Cyclopentanecarbonyl Bromide

NOMENCLATURE OF ANHYDRIDES, RCO,COR'

An anhydride functional group results when two carboxylic acids combine and lose water (anhydride = without water). The names of
anhydrides come from the names of the two combined carboxylic acids. The carbonyl carbon is given the #1 location number on both
chains. The anhydride functional group is assumed to be on the end of the each parent chain, so it is not necessary to include the functional
group location number in the name.
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Carboxylic Acids Anhydride Water
Symmetrical anhydrides made from unsubstituted carboxylic acids and cyclic anhydrides made from dicarboxylic acids are named based on
their corresponding carboxylic acid. The ending -acid is replaced with -anhydride. This is true for both the ITUPAC and common

nomenclature. An anhydride is symmetrical when it is acyclic and the acyl R groups are the same.
o o
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Symmetrical Anhydride

EXAMPLE
(0] (0] (0] [e]
\)J\O)j\/ )ko)J\
Propanoic anhydride Ethanoic anhydride
(Propionic anhydride) (Acetic anhydride)

o)
o]

o]

Succinic Anhydride

An unsymmetrical anhydride is created from two different carboxylic acids. For unsymmetrical anhydrides, name both acids alphabetically
with a space between them. Then add the end word anhydride.

[e] o o o)
\)J\O)J\ )J\O)J\/\
Ethanoic propanoic anhydride Butanoic ethanoic anhydride
(Acetic propionic anhydride) (Acetic butyic anhydride)

NOMENCLATURE OF ESTERS, RCO,R'

Esters consist of two distinctly different carbon chains which need to be named separately. One carbon chain is from the corresponding
carboxylic acid and the other chain, attached to the singly bonded oxygen, is called the alkoxy alkyl chain.

o]
— R)J\O/R' <«— Alkoxy Alkyl Chain

Chain from the Corresponding
Carboxylic Acid

Esters are named as if the alkoxy alkyl chain is a substituent (Prefix + yl). This is followed by the name of the corresponding carboxylic
acid part of the ester with -ic acid or -oic acid replaced with the ending —ate. The carbonyl carbon is given the #1 location number. The
carbonyl functional group is assumed to be on the end of the parent chain, so it is not necessary to include the functional group location
number in the name.

v EXAMPLE 21.1.2

(e} o
cl \)J\

CHs)J\O/ 3 o /\
Methyl ethanoate Ethyl propanoate

o

o} o
o
\o)j\/\)to/ G)L

Dimethyl glutarate Ethyl cyclopentanecarboxylate

NOMENCLATURE OF THIOESTERS, RCOSR'

Thioesters have two distinctly different carbon chains. One carbon chain is from the corresponding carboxylic acid and the other chain,
attached to the sulfur, is called the sulfide alkyl chain.
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)J\ g =—— Sulfide Alkyl Chain
R™ 8”7

Chain from the Corresponding
Carboxylic Acid

Thioesters are named as if the sulfide alkyl chain is a substituent with the letter S preceding (S-Prefix + yl). This is followed by the parent
chain of the corresponding carboxylic acid, named as an alkane with the ending —thioate added. For thioesters attached to a carbon ring the
ending -carboxylic acid is replaced with -carbothioate. When using the common names of the carboxylic acid the -ic acid ending is
replaced -ate and the prefix thio- is added.

The carbonyl carbon is given the #1 location number. The carbonyl functional group is assumed to be on the end of the parent chain, so it is
not necessary to include the functional group location number in the name.

(0]
E
o] (8] -~
s fo O
HsC” ™SCH,y CH3CH,CHZ  ~SCH,CHs
S-Methyl thioacetate S-Ethyl butanethioate S-Methyl cyclohexane-
carbothioate

NOMENCLATURE OF AMIDES, RCONH,, RCONHR', RCONR'R"

Primary amides (RCONH,) are named by changing the name of the corresponding acid by removing the -oic acid or -ic acid endings and
adding -amide. Amides derived from a cyclic carboxylic acid have the -carboxylic acid ending replaced with -carboxamide. The carbonyl
carbon is given the #1 location number. It is not necessary to include the location number in the name because it is assumed that the
functional group will be on the end of the parent chain.

o
o /\HJ\
NH
\)kNHz 2
Br

Propanamide 2-Bromobutanamide

0 o)
NH, ©)LNH2

Cyclohexanecarboxamide Benzamide

EXAMPLE

Secondary (RCONHR') and tertiary (RCONR'R") amides are named by using an upper case N to designate that the alkyl groups are attached
to the nitrogen atom. These alkyl groups are named as substituents (Prefix + yl).
i
\/C\N/
b

N-Methylpropanamide

(0]
Il
/\)J\N/\ \/C\N/

|
! |
N-Ethylbutanamide N,N-Dimethylpropanamide

Cyclic amides are called lactams. A Greek letter identifies the location of the nitrogen on the alkyl chain relative to the carboxyl carbonyl

group.
o) o) Q
=
N, N—H
H

b-Lactam g-Lactam d-Lactam
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NOMENLCATURE OF ACYL PHOSPHATES, RCOOPO3*

Acyl phosphates are named following the rules as acid halides except name of the halogen is replaced with the word phosphate. If there is
an alkyl group attached to one of the phosphate oxygens, it is named as a substituent (parent + yl) and listed before the end word

phosphate.
O 0 o
o o Oe g/Oe
TN
e o o
Propanoyl Phospate Benzoyl Phosphate

When a phosphate ion is attached to a carbon atom on an organic molecule, the chemical linkage is referred to as a phosphate ester, and the
whole species is called an organic monophosphate. Glucose-6-phosphate is an example.

i
@O—FI’—O@
2 o {
—O0—p— (o}
R—0O I (e} HO
HO OH
O OH
Organic monophosphate Glucose-6-phosphate

If an organic molecule is linked to two or three phosphate groups, the resulting species are called organic diphosphates and organic

triphosphates.
[l ﬁ ©) ICI) 1] o
R—o—Flgo—Frgo R—O—T—O——Ifé —Fl’(;O
(¢] o (6] o o
Organic diphosphate Organic triphosphate
(ROPP) (ROPPP)

Isopententyl diphosphate and adenosine triphosphate (ATP) are good examples:

Isopentenyl diphosphate
ATP

Oxygen atoms in phosphate groups are referred to either 'bridging' and non-bridging', depending on their position. An organic diphosphate
has two bridging and five non-bridging oxygens.

Bridging

When a single phosphate is linked to two organic groups, the term 'phosphate diester' is used. The backbone of DNA is composed of
phosphate diesters.

DNA
T
(@]
Base
(o)
?
o 1 o
O—P=0 © |
| 0—P=0
(0] |
|I?' (o]
B,
o Base
Phosphate diester
O
e
DNA
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The term 'phosphoryl group' is a general way to refer to all of the phosphate-based groups mentioned above.

Phosphate groups on organic structures are sometimes abbreviated simply as 'P', a convention that we will use throughout this text. For
example, glucose-6-phosphate and isopentenyl diphosphate are often depicted as shown below. Notice that the 'P' abbreviation includes the
oxygen atoms and negative charges associated with the phosphate groups.

oP
o}
HO /\/&
HO OH PPO
OH
Glucose-6-phosphate Isopentenyl diphosphate

Nomenclature of Carboxylic Acids and Carboxylic Acid Derivatives

Functional Group Structure Suffix Name
(0]
Carboxylic acid -oic acid
R)J\OH
(0]
Carboxylate )J\ ) -oate

0]
Ester )J\ _R' -oate

R O
(0] (0]
Dicarboxylic acid -dioic acid
HO n OH
o}
Acyl halide -oyl halide
R X
(0] (0]
Anhydride )J\ )J\ -ic anhydride
R (6) R'
[e]
Amide -an amide
R)J\ NH,
1] Oe
- -
Acyl Phosphate . o p\O@ oyl phosphate
Nitrile R—C=N -ane nitrile

EXERCISES

1) Name the following compounds using IUPAC conventions
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2) Draw structures corresponding to the following names:
a. benzoic anhydride

b. phenyl hexanoate

c. methyl benzoate

d. 3-chloro-N-ethylbenzamide

e. pentanamide

f. N-phenylethanamide

g. Methyl 1-methylcyclohexanecarboxylate

h. Ethyl 3-oxopentanoate

i. S-Methyl p-bromothiobenzoate

j. Formic propanoic anhydride

k. cis-2-Methylcyclopentanecarbonyl bromide

SOLUTIONS
1)

a. 2-methylpentanoyl chloride
b. 2-cyclopentylacetamide

c. propyl 2-methylpropanoate
d. cyclohexylbutanoate
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e. sec-butyl cyclopentanecarboxylate

f. 1-methylbutylcyclopentane carboxylate
g. N-methyl-3-butenamide

h. (S)-2-hydroxypropanoyl phosphate

i. S-propyl 2,3-dimethyl-2-butenethioate

2)
0 0
SRR
a. &
L)
/\/\)J\O Sy

b.
o
©)LO,CH3
C.
0
cl .
b
d.
0
CHg- CHy- CH,- CHy- C—NH;
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This page titled 21.1: Naming Carboxylic Acid Derivatives is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Richard

Banks, Steven Farmer, Dietmar Kennepohl, Layne Morsch, Tim Soderberg, & Tim Soderberg.

e 21.1: Naming Carboxylic Acid Derivatives by Dietmar Kennepohl, Layne Morsch, Richard Banks, Steven Farmer, Tim Soderberg is licensed CC BY-
SA 4.0.
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