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INTRODUCTION TO THE
LANGUAGE OF CARBON

Chemistry, at its heart, is a science of
structure and interaction. Nowhere is
this more apparent than in the vast and
intricate world of organic chemistry. The
element carbon possesses a unique
ability to bond with itself and other
elements, creating an almost infinite
array of molecules, from simple methane
in natural gas to the complex polymers
in our clothing and the DNA that codes
for life. With this staggering diversity
comes a fundamental challenge: how do
we name these compounds in a way that
is unambiguous and universally
understood by chemists in Tokyo,
Toulouse, or Topeka? The answer lies in
the IUPAC nomenclature of organic
compounds. This system, maintained
by the International Union of Pure and
Applied Chemistry, provides a set of
logical rules that allow any chemist to
derive a single, unigue name for a given
structure and, conversely, to draw a
precise structure from a given name.
This guide will walk you through the core
principles of this essential language,
transforming a seemingly complex code
into a clear and manageable system.

WHY SYSTEMATIC NAMING
MATTERS

Before diving into the rules, it is crucial

to understand why a guide to IUPAC
nomenclature of organic compounds
is so vital. Common names, like acetic
acid or ethylene, are historically
entrenched and still widely used.
However, they offer no information
about the molecule's structure. A single
compound can have many common
names, and different compounds can
share similar trivial names, leading to
confusion. The IUPAC system eliminates
this ambiguity. Every name is built from
components that describe the carbon
chain, its substituents, and its functional
groups. Mastering this system is not
merely an academic exercise; it is a
fundamental skill for reading research
papers, understanding chemical
reactions, and communicating safely and
effectively in any laboratory or industrial
setting. It is the architect's blueprint for
the molecular world.

THE CORE FOUNDATION:
ALKANES AND PARENT CHAINS

The journey into systematic naming
begins with the simplest organic
molecules: alkanes. These are
hydrocarbons containing only single
bonds between carbon atoms. The name
of an alkane is the foundation upon
which all other names are built.

ldentifying the


https://www.everybodystreet.com/

LORyEst Calbon
Chain

The first and most critical step in IUPAC
nomenclature is identifying the parent
chain. This is the longest continuous
chain of carbon atoms in the molecule.
The name of the corresponding straight-
chain alkane becomes the base of the
compound's name. For a chain of one
carbon, the parent is meth; two
carbons, eth; three, prop; four, but;
five, pent; six, hex; seven, hept; eight,
oct; nine, non; and ten, dec. For
example, the longest chain in a simple
molecule might be six carbons long,
making the parent name "hexane." It is
important to note that the chain does
not have to be drawn in a straight line;
chemists often look for a "squiggly" or
branched path through the molecule to
find the absolute longest run of carbon
atoms.

The Suffix:
Indicating
Saturation

The suffix of the parent name tells us
about the carbon-carbon bonds. For
alkanes, all bonds are single bonds, and
the suffix is -ane. This is the default
state. As you will see later, when double
or triple bonds are introduced, the suffix
changes to -ene or -yne, respectively.
So, a simple six-carbon chain is hexane,
a five-carbon chain with a double bond
might be pentene, and a two-carbon
chain with a triple bond is ethyne.

SUBSTITUENTS

Once you have identified the parent
chain, you must name the groups
attached to it. These are called
substituents.

Alkyl Groups

When an alkane acts as a substituent, it
is renamed as an alkyl group. You
remove the final "-ane" of the alkane
name and add "-yl." For example, a one-
carbon substituent (CHs) is a methyl
group. A two-carbon substituent
(CH2CHs) is an ethyl group. A three-
carbon propyl group (CH2CH2CHs) is
simply propyl. However, things get
more nuanced. When a three-carbon
group is attached to the main chain
through the middle carbon, it is called an
isopropyl group (common name) or
propan-2-yl (IUPAC preferred name).
These alkyl group names are used as
prefixes in the full name.

Numbering the
Parent Chain

To specify where a substituent is
attached, you must number the carbons
of the parent chain. The goal is to
provide the lowest set of locants
(numbers) for the substituents.

e Begin numbering from the end of
the chain that gives the first
substituent the lowest possible
number.

e For example, if a methyl group is
on carbon 2 and an ethyl group on
carbon 4, you would number from
the end closest to the methyl
group (giving 2,4). Numbering
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from the other end would give 3,5,
which is higher.

e If the first substituents are at the
same distance from both ends, you
compare the second substituent,
and so on, until a difference is
found.

Writing the
Name

With the parent chain identified and
numbered, you can assemble the name.

1. List the substituents in
alphabetical order, ignoring
prefixes like di-, tri-, and tetra-.
For example, "ethyl" comes before
"methyl."

2. Use prefixes to indicate multiple
identical substituents. For two
methyl groups, use "dimethyl." For
three ethyl groups, use "triethyl."

3. Place the locant (number) for each
substituent immediately before the
substituent name, separated by a
hyphen. For example, "2-methyl"
or "3-ethyl."

4. Separate numbers from each other
with commas.

5. Write the entire name as one
word. For example: 3-ethyl-2,4-
dimethylhexane. The presence
of the hyphens and commas
makes the name readable.

INCORPORATING FUNCTIONAL
GROUPS (THE SENIORITY RULE)

The real power of IUPAC nomenclature
comes into play when functional groups
are present. A functional group is an
atom or group of atoms that gives a
compound its characteristic chemical
properties. When a functional group is

present, the parent chain is no longer
just the longest carbon chain; it must
include the functional group.
Furthermore, a specific suffix is used to
indicate the most important functional

Priority of
Functional
Groups

Functional groups are ranked by priority.
The highest-priority group determines
the suffix of the name. A partial priority
list, from highest to lowest, includes:

e Carboxylic acids (-COOH) : suffix -
oic acid

e Esters (-COOR) : suffix -oate

e Aldehydes (-CHO) : suffix -al

e Ketones (C=0) : suffix -one

¢ Alcohols (-OH) : suffix -ol

e Amines (-NHz) : suffix -amine

e Alkenes (C=C) : suffix -ene

e Alkynes (C=C) : suffix -yne

e Alkanes (C-C) : suffix -ane

Any other groups are named as prefixes
(e.g., hydroxy- for -OH, oxo- for C=0,
chloro- for Cl, amino- for -NH2).

Naming a
Compound with
a Higher-Priority
Group

Let us take a simple example: a five-
carbon chain with a ketone (C=0) on the
second carbon and an alcohol (-OH) on



the fourth carbon. The ketone has higher
priority, so the suffix is -one. The parent
chain is pentane, but the suffix makes it
pentanone. The parent chain is
numbered to give the functional group
the lowest number. So, the name begins
with the prefix for the alcohol, which
becomes hydroxy. The completed name
is 4-hydroxypentan-2-one. Notice that
the -one suffix dictates the number for
the ketone (2), and the position of the
alcohol is indicated by the locant 4.

Alkenes and
Alkynes

Compounds with double or triple bonds
use the suffixes -ene and -yne. The
parent chain must include both multiple
bonds, even if it is not the absolute
longest chain. Numbering is done to give
the multiple bonds the lowest numbers,
which takes precedence over alkyl
substituents but not over higher-priority
functional groups like -OH. For example,
but-3-en-1-ol has a four-carbon chain
with a double bond starting at carbon 3
and an alcohol on carbon 1. A compound
with two double bonds is a -diene, three
is a -triene, and so on.

DEALING WITH COMPLEXITY:
RINGS, BENZENE, AND
STEREOCHEMISTRY

As organic compounds become more
complex, the nomenclature system
provides additional tools.

Cyclic

Compounds
(Cycloalkanes)

When carbon atoms form a ring, the
prefix cyclo- is added to the parent
alkane name. For example, a ring of six
carbons is called cyclohexane.
Substituents on a ring are named using
the same rules, with numbering
designed to give the lowest set of
locants. If only one substituent is
present, numbering is not needed. For a
ring with two different  groups,
numbering starts at the highest-priority
group (by alphabetical order of the
substituent name, not by priority of the
group).

Aromatic
Compounds
(Benzene
Derivatives)

The benzene ring is a special case. Many
common names are retained (e.g.,
toluene, phenol, aniline, benzoic acid). In
systematic nomenclature,
monosubstituted benzenes are simply
named with the substituent as a prefix:
chlorobenzene, ethylbenzene. For
disubstituted benzenes, the relative
positions are indicated using ortho-
(1,2), meta- (1,3), and para- (1,4), or by
using numbers. If the two substituents
are  different, they are listed
alphabetically, and the number 1 is
assigned to the group that gives the
lower locant for the next group. For
example, 1-chloro-3-methylbenzene
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(or meta-chlorotoluene).

An Introduction
to
Stereochemistry

A truly complete name often requires
specifying the three-dimensional
arrangement of atoms.

e cis/trans : Used for cycloalkanes
(e.g., cis-1,2-
dimethylcyclopentane) or alkenes
(e.g., trans-but-2-ene) to indicate if

two groups are on the same or
opposite sides of the ring or
double bond.

E/Z : A more general system for
alkenes, based on the priority of
the groups attached to the double
bond using the Cahn-Ingold-Prelog
rules.

R/S : Used for chiral centers (a
carbon with four different groups
attached). The configuration is
assigned as R (rectus, Latin for
right) or S (sinister, Latin for left)
based on the arrangement of the
groups in three-dimensional space.

COMMON PIT




