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Basics of Organic Nomenclature

Alkanes

The International Union of Pure and Applied Chemistry (IUPAC) has devised a system of nomenclature that begins with the names
of the alkanes and can be adjusted from there to account for more complicated structures. The nomenclature for alkanes is based on

two rules:

1. To name an alkane, first identify the longest chain of carbon atoms in its structure. A two-carbon chain is called ethane; a three-
carbon chain, propane; and a four-carbon chain, butane. Longer chains are named as follows: pentane (five-carbon chain),
hexane (6), heptane (7), octane (8), nonane (9), and decane (10).

2. Add prefixes to the name of the longest chain to indicate the positions and names of substituents. Substituents are branches or
functional groups that replace hydrogen atoms on a chain. The position of a substituent or branch is identified by the number of
the carbon atom it is bonded to in the chain. We number the carbon atoms in the chain by counting from the end of the chain
nearest the substituents. Multiple substituents are named individually and placed in alphabetical order at the front of the name.

1 2 3 1. 2 3 3 21 6 5 4 3 2 1 1 2 34 5 6

CH;3CH,CH3 CH3;CHCH3 CH3CHCH3; CH3CH>CHCH,CHCH3 CH;CHz(i?HCHQCHzCZHg
Cl CHs F F Br Cl

propane 2-chloropropane 2-methylpropane 2,4-difluorohexane 1-bromo-3-chlorohexane

When more than one substituent is present, either on the same carbon atom or on different carbon atoms, the substituents are listed
alphabetically. Because the carbon atom numbering begins at the end closest to a substituent, the longest chain of carbon atoms is
numbered in such a way as to produce the lowest number for the substituents. The ending -o replaces -ide at the end of the name of
an electronegative substituent (in ionic compounds, the negatively charged ion ends with -ide like chloride; in organic compounds,
such atoms are treated as substituents and the -o ending is used). The number of substituents of the same type is indicated by the
prefixes di- (two), tri- (three), tetra- (four), and so on (for example, difluoro- indicates two fluoride substituents).

Example 1

Naming Halogen-substituted Alkanes
Name the molecule whose structure is shown here:
H H H

H—C—C—C—C—Cl

H H Br H

Solution
H H H H
| | | |
H—C—Ce—(C—C—
A
H H Br H

The four-carbon chain is numbered from the end with the chlorine atom. This puts the substituents on positions 1 and 2
(numbering from the other end would put the substituents on positions 3 and 4). Four carbon atoms means that the base name of
this compound will be butane. The bromine at position 2 will be described by adding 2-bromo-; this will come at the beginning
of the name, since bromo- comes before chloro- alphabetically. The chlorine at position 1 will be described by adding 1-chloro-,
resulting in the name of the molecule being 2-bromo-1-chlorobutane.
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Check Your Learning
Name the following molecule:

Answer:

3,3-dibromo-2-iodopentane

We call a substituent that contains one less hydrogen than the corresponding alkane an alkyl group. The name of an alkyl group is
obtained by dropping the suffix -ane of the alkane name and adding -y!:

| | | |
H—C—H H—C— H—C—C—H H—C—C—

I | | |

H H H H H H

methane methyl group ethane ethyl group

The open bonds in the methyl and ethyl groups indicate that these alkyl groups are bonded to another atom.

Example 2

Naming Substituted Alkanes
Name the molecule whose structure is shown here:

H
H é H
_rf
H—C—H
1

|1 ||
H—C—C—C—C—C—C—H
A R S

H H H H H H

Solution

The longest carbon chain runs horizontally across the page and contains six carbon atoms (this makes the base of the name
hexane, but we will also need to incorporate the name of the branch). In this case, we want to number from right to left (as
shown by the blue numbers) so the branch is connected to carbon 3 (imagine the numbers from left to right—this would put the
branch on carbon 4, violating our rules). The branch attached to position 3 of our chain contains two carbon atoms (numbered in
red)—so we take our name for two carbons eth- and attach -yl at the end to signify we are describing a branch. Putting all the
pieces together, this molecule is 3-ethylhexane.

Check Your Learning
Name the following molecule:
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H H H H H H
T H—(|:—H
H—C C—H
| |
H H

Answer:

4-propyloctane

Some hydrocarbons can form more than one type of alkyl group when the hydrogen atoms that would be removed have different
“environments” in the molecule. This diversity of possible alkyl groups can be identified in the following way: The four hydrogen
atoms in a methane molecule are equivalent; they all have the same environment. They are equivalent because each is bonded to a
carbon atom (the same carbon atom) that is bonded to three hydrogen atoms. Removal of any one of the four hydrogen atoms from
methane forms a methyl group. Likewise, the six hydrogen atoms in ethane are equivalent and removing any one of these hydrogen
atoms produces an ethyl group. Each of the six hydrogen atoms is bonded to a carbon atom that is bonded to two other hydrogen
atoms and a carbon atom. However, in both propane and 2-methylpropane, there are hydrogen atoms in two different
environments, distinguished by the adjacent atoms or groups of atoms:

H H H H H H
| | |1
H—C—C—C—H H—C—C—C—H
|1 I I
H H H H H
H—C—H
|
H
propane 2-methylpropane

Each of the six equivalent hydrogen atoms of the first type in propane and each of the nine equivalent hydrogen atoms of that type
in 2-methylpropane (all shown in black) are bonded to a carbon atom that is bonded to only one other carbon atom. The two purple
hydrogen atoms in propane are of a second type. They differ from the six hydrogen atoms of the first type in that they are bonded to
a carbon atom bonded to two other carbon atoms. The green hydrogen atom in 2-methylpropane differs from the other nine
hydrogen atoms in that molecule and from the purple hydrogen atoms in propane. The green hydrogen atom in 2-methylpropane is
bonded to a carbon atom bonded to three other carbon atoms. Two different alkyl groups can be formed from each of these
molecules, depending on which hydrogen atom is removed. The names and structures of these and several other alkyl groups are
listed in Figure 1.
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Alkyl Group Structure
methyl CH;—
ethyl CH3;CH, —
n-propyl CH3CH,CH,—
: I
isopropyl CH3CHCH
n-butyl CH3CH,CH;CH, —
sec-butyl I
CH3CH,CHCH3
CH3CHCH,—
isobutyl
CHs
CH C|:CH
tert-butyl 2 2
CH3

Figure 1. This listing gives the names and formulas for various alkyl groups formed by the removal of hydrogen atoms from
different locations.

Note that alkyl groups do not exist as stable independent entities. They are always a part of some larger molecule. The location of
an alkyl group on a hydrocarbon chain is indicated in the same way as any other substituent:

CH, CH,
\/
CHs;  CHj CH
7 6 5 4 32 1 12l 34 5
CH3CHZCH20H2C|3HCH20H3 CH3(|3—CH2CIHCH3 CH3CH,CH,CHCH,;CH,CHj3
CH,CH3 CHs
3-ethylheptane 2,2,4-trimethylpentane 4-isopropylheptane

Alcohols

The name of an alcohol comes from the hydrocarbon from which it was derived. The final -e in the name of the hydrocarbon is
replaced by -ol, and the carbon atom to which the —OH group is bonded is indicated by a number placed before the name.

Consider the following example:
H H H

|1

H H
|
H—C—C—C—(]:—C—
: H

H

| I

I
H:CI)‘H H

H
The carbon chain contains five carbon atoms. If the hydroxyl group was not present, we would have named this molecule pentane.
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To address the fact that the hydroxyl group is present, we change the ending of the name to -ol. In this case, since the —OH is
attached to carbon 2 in the chain, we would name this molecule 2-pentanol.

Other examples of TUPAC nomenclature are shown below, together with the common names often used for some of the simpler
compounds. For the mono-functional alcohols, this common system consists of naming the alkyl group followed by the word
alcohol. Alcohols may also be classified as primary, 1°, secondary, 2°, and tertiary, 3°. This terminology refers to alkyl substitution
of the carbon atom bearing the hydroxyl group (colored blue in the illustration).

43 2 1 OH 3 th 3 GHs
H3C-CH,-CH,-CH,-OH ] H;C-C-CH,-OH H;C-C;0H
SR H3C-CH,-CH-CHj ab-GmCh2 aC-Gs
43 2 1 CH; C1H3
1-butanol 2-butanol 2-methyl-1-propanol 2-methyl-2-propanol
(butyl alcohol) (sec-butyl alcohol) (isobutyl alcohol) (tert-butyl alcohol)
a 1° alcohol a 2° alcohol a 1° alcohol a 3° alcohol
1 _OH OH OH
_A~_OH —
Z 4©; HO HO\)\/OH
3
2-propen-1-ol 3-cyclohexen-1-ol 1,2-ethanediol 1,2,3-propanetriol
(allyl alcohol) (ethylene glycol) (glycerol)

Carboxylic Acids

The —e ending is removed from the name of the parent carbon chain and is replaced -aneic acid. Since a carboxylic acid group
must always lie at the end of a carbon chain, it is always is given the #1 location position in numbering and it is not necessary to
include it in the name. Many carboxylic acids are called by the common names that were chosen by chemists to usually describe
the origin of the compound.

Formula Common Name Source IUPAC Name
HCO,H formic acid ants (L. formica) methanoic acid
CH3CO,H acetic acid vinegar (L. acetum) ethanoic acid
CH3;CH,CO,H propionic acid milk (Gk. protus prion) propanoic acid
CH;(CH,),CO,H butyric acid butter (L. butyrum) butanoic acid
CH;(CH,);CO,H valeric acid valerian root pentanoic acid
CH;(CH,),CO,H caproic acid goats (L. caper) hexanoic acid
CH;(CH,);CO,H enanthic acid vines (Gk. oenanthe) heptanoic acid
CH;(CH,)¢CO,H caprylic acid goats (L. caper) octanoic acid
CH;(CH,),CO,H pelargonic acid pelargonium (an herb) nonanoic acid
CHj;(CH,)sCO,H capric acid goats (L. caper) decanoic acid
a o
/\)kOH c:Hat:Hz(u\OH

Butanoic acid
(Butyric Acid)

o]

Sy o

2-Methylpentanoic acid
(B-Methylvaleric acid)

Propanoic acid

(Propionic Acid)
]
CICH,CH,C.

T

3-Chloropropanoic acid

(y-Chloropropionic acid)
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When a carboxyl group is added to a ring the suffix -carbexylic acid is added to the name of the cyclic compound. The ring carbon
attached to the carboxyl group is given the #1 location number.

o]
i !
=1 TOH
OH
Br
Cyclopentanecarboxylic acid Cis-2-Bromocyclohexanecarboylic acid

Salts of carboxylic acids are named by writing the name of the cation followed by the name of the acid with the —ic acid ending
replaced by an —ate ending. This is true for both the TUPAC and Common nomenclature systems.

ﬁ H;C. l:‘
3
T DB @
H3C/ \D@ Na® ﬁg 0 K
Sodium ethanoate Potassium Propanoate
(Sodium Acetate) (Potassium propionate)

For dicarboxylic acids the location numbers for both carboxyl groups are omitted because both functional groups are expected to
occupy the ends of the parent chain. The ending —dioic acid is added to the end of the parent chain.

o]
o 0 0
- HDMDH
HO
Butanedioic acid Propanedioic acid
Esters

Esters are named as if the alkyl chain from the alcohol is a substituent. No number is assigned to this alkyl chain. This is followed
by the name of the parent chain from the carboxylic acid part of the ester with an —e remove and replaced with the ending —oate.

For example:

i i
c CH; c CH,CH,
He | o HicH,e” o
Methyl ethanoate Ethyl propanoate

1. First, identify the oxygen that is part of the continuous chain and bonded to carbon on both sides. (On one side of this oxygen
there will be a carbonyl present but on the other side there won’t be.)

2. Second, begin numbering the carbon chains on either side of the oxygen identified in step 1.

3. Next, use this format: [alkyl on side further from the carbonyl] (space) [alkane on the side with the carbonyl]

4. Finally, change the ending of the alkane on the same side as the carbonyl from -e to -oate.

5. When an ester group is attached to a ring, the ester is named as a substituent on the ring.

In both common and International Union of Pure and Applied Chemistry (IUPAC) nomenclature, the —ic ending of the parent acid
is replaced by the suffix —ate.

: Nomenclature of Esters

Condensed Structural Formula Common Name IUPAC Name
HCOOCH;3 methyl formate methyl methanoate
CH;COOCH; methyl acetate methyl ethanoate
CH3;COOCH,CH; ethyl acetate ethyl ethanoate
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Condensed Structural Formula Common Name IUPAC Name
CH;CH,COOCH,CH; ethyl propionate ethyl propanoate
CH;CH,CH,COOCH(CHy3), isopropyl butyrate isopropyl butanoate
o]
@ !_ OCH,CH, ethyl benzoate ethyl benzoate
Amines

The word “amine” is derived from ammonia, and the class of compounds known as amines therefore are commonly named as
substituted ammonias. In this system, primary amines (RNH>), having only one substituent on nitrogen, are named with the
substituent as a prefix. More systematic nomenclature appends -amine to the longest chain, as for alcohols:

CH,CH,CH,CHNH,
/e \\;—NHQ S Y HyN(CHy)NH,
CH;NH, N—/ CH,
methanamine benzenaming 1-methylbutanaming
(methylamina) (phenylamine, aniling) (1-methylbutylamine) 1.6-hexanediaming

Secondary (R,NH) and tertiary amines (R;N), which have two and three substituents on nitrogen, commonly are named as N-
substituted amines. N is included to indicate that the substituent is on the nitrogen atom unless there is no ambiguity as to where the
substituent is located. Each of the R groups is named as a separate word, except when the groups are identical, in which case the
prefix di or bis may be used (di is used for simple groups, bis for substituted groups):

/ N
K —NHCH,
(CHg);NH - (CICH,CH;);NH
N-methylmethanamine N-methylcyclohexkanamine 2-chlorg-N-(2-chlor-
{dimethylamine) (W-methyicyclohexylaming) ethyl)ethanaming'

[ bis{2-chioroethyljamine]
CH;

—
{ jN{CHg}Z @NCHg(?IIx
\ ,

~eth

N N-dimathyleyelohexanaming t M-melhylbenzanaming
(M N-dimethylcyclohaxylamine) athyl-N-mathylaniling)

The nomenclature of amines is complicated by the fact that several different nomenclature systems exist. The four compounds
shown in the top row of the following diagram are all C4H1;N isomers.

10H; H
2 CHs
; P2y o L HaC.2 Co.. .CHs (0
R Hal 57 —iHz g T HaC -CHa N
Hz  Hz CHs He CHs
a 1% amine a 1% amine a 2% amine a 3% aming
IUPAC name 1-aminohutane 2-amino-2-methylpropane 1-methylaminopropane dimethylaminoethane
CA narme hiutanamine Z-methyl-2-propanamine M-methylpropanamine M,M-dimethylethanarmine
Common narme | h-butylamine tert-butylamine methylpropylamine ethyldimethylamine
HHZ . i
3\ = N 7 B
) | D " "
. i - = T M N
] \ n N h | |
b 4 H H H
aniline indale piperiding pyriding pyrimidine pyrrolidine pyrrole imidazole

e The IUPAC names are listed first and colored blue. This system names amine functions as substituents on the largest alkyl
group. The simple -NH substituent found in 1°-amines is called an amino group. For 2° and 3°-amines a compound prefix (e.g.
dimethylamino in the fourth example) includes the names of all but the root alkyl group.

e The Chemical Abstract Service has adopted a nomenclature system in which the suffix -amine is attached to the root alkyl
name. For 1°-amines such as butanamine (first example) this is analogous to ITUPAC alcohol nomenclature (-ol suffix). The
additional nitrogen substituents in 2° and 3°-amines are designated by the prefix N- before the group name. These CA names are
colored magenta in the diagram.

o Finally, a common system for simple amines names each alkyl substituent on nitrogen in alphabetical order, followed by the
suffix -amine. These are the names given in the last row (colored black).

Many aromatic and heterocyclic amines are known by unique common names, the origins of which are often unknown to the
chemists that use them frequently since these names are not based on a rational system.
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Amides

Primary amides are named by changing the name of the acid by dropping the -oic acid or -ic acid endings and adding -amide. 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. For example, the following three amides are called
methanamide or formamide, ethanamide or acetamide, and benzamide.

o
Il

c.
o o NH,
il Il
H—C—NH; CHs-C—NH,

Further examples are shown below:

(o]
o]
\)J\NHz /\ANHQ
Br
Propanamide 2-Bromobutanamide

Secondary amides are named by using an upper case N to designate that the alkyl group is on the nitrogen atom. Alkyl groups
attached to the nitrogen are named as substituents. The letter N is used to indicate they are attached to the nitrogen. For example,
the molecule below is called N-methylpropanamide:

o
CHg- CHo- c— NH— CHa

Tertiary amides are named in the same way as secondary amides, but with two N’s

o] (o}
& c‘ CH.CH Q CH
2CH3 3
H3C/ \E/ \T/ chHZC/ \N/
2
H CHs;
N-Ethylbutanamide N,N-Dimethylpropanamide

This page titled 6.15: Basics of Organic Nomenclature is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
John Moore, Jia Zhou, and Etienne Garand via source content that was edited to the style and standards of the LibreTexts platform.
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