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Introduction to nomenclature of organic chemical systems

e The systematic naming of organic compounds is crucial for clear and precise communication
among chemists.

The International Union of Pure and Applied Chemistry (IUPAC) has established a set of rules for
the nomenclature of organic compounds.

This system allows for the unambiguous identification of compounds based on their structure.
Here, we'll organize the IUPAC nomenclature rules for open-chain (aliphatic) compounds and
carbocyclic compounds, focusing on structures with up to 10 carbon atoms.

Open-Chain (Aliphatic) Compounds

e Open-chain compounds can be either saturated, known as alkanes, or unsaturated, including
alkenes and alkynes.

A. Alkanes (Saturated Hydrocarbons)

> Alkanes are characterized by having only single bonds between carbon atoms. The
naming convention is straightforward:

Prefix: Indicates the number of carbon atoms.
Suffix: "-ane" for alkanes.
The prefixes for the first ten alkanes are as follows:
1. Meth- (1 carbon)
. Eth- (2 carbons)
. Prop- (3 carbons)
. But- (4 carbons)
. Pent- (5 carbons)
. Hex-(6 carbons)
. Hept- (7 carbons)
. Oct-(8 carbons)
. Non- (9 carbons)
10.Dec- (10 carbons)
» Example: Pentane (CH,,) for a five-carbon alkane.
B. Alkenes and Alkynes (Unsaturated Hydrocarbons)

» Alkenes and alkynes contain at least one carbon-carbon double or triple bond,
respectively.
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> Alkenes: Use the suffix "-ene."
» Alkynes: Use the suffix "-yne."

o Example for Alkenes: Pent-2-ene for a five-carbon chain with a double bond
between the second and third carbons.

Example for Alkynes: Pent-1-yne for a five-carbon chain with a triple bond between
the first and second carbons.

Carbocyclic Compounds

Carbocyclic compounds consist of carbon-only rings, which may be saturated or unsaturated.

A. Cycloalkanes (Saturated Ring Compounds)

» Composed of carbon atoms in a ring with single bonds only.
> Named by adding the prefix "eyclo-" to the alkane name.
> Example: Cyclohexane — a six-carbon ring with all single bonds.

B. Cycloalkenes (Unsaturated Ring Compounds)

» Contain at least one double bond within the carbon ring.

> Named using "cyclo-" with the suffix "-ene." Numbering starts at one of the carbons in the
double bond to assign the lowest possible numbers.

Example: Cyclohex-1-ene — a six-membered ring with a double bond between carbons 1
and 2.

Substituents on Chains or Rings

e When side groups (substituents) are attached to the main chain or ring, they are named as
prefixes and listed in alphabetical order.

Their position on the chain or ring is indicated by a number.

Example: 3-Methylpentane —a methyl group is attached to the third carbon of a pentane chain.

IUPAC systems of nomenclature of organic compounds

e The International Union of Pure and Applied Chemistry (IUPAC) has developed a standardized
system for naming organic compounds.

This ensures precise and universal communication among chemists worldwide. The system
applies to:

o Open-chain (aliphatic) compounds
o Carbocyclic compounds

o Compounds with functional groups
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Below is a concise overview of the IUPAC nomenclature system for organic compounds with up to
10 carbon atoms.

1. Open-Chain (Aliphatic) Compounds

A. Alkanes (Saturated Hydrocarbons)

> Alkanes are hydrocarbons with only single bonds between carbon atoms.
> Naming rule: Prefix (indicating the number of carbon atoms) + suffix "-ane".
Carbon Count Prefix Example
1 Meth- Methane
2 Eth- Ethane
3 Prop- Propane
4 But- Butane

5-10 Pent-, Hex-, Hept-, Oct-, Non-, Dec- Pentane, etc.

B. Alkenes and Alkynes (Unsaturated Hydrocarbons)

> Alkenes: Have one or more double bonds.
> Alkynes: Have one or more triple bonds.

Naming rule: Suffix "-ene" for alkenes, "-yne" for alkynes. The position of the multiple bond
is indicated by a number.

Examples:

o "Pent-2-ene" (five-carbon chain, double bond between the second and third
carbons).

o "Pent-1-yne" (five-carbon chain, triple bond between the first and second carbons).

2. Carbocyclic Compounds

A. Cycloalkanes (Saturated)

» Cycloalkanes are cyclic hydrocarbons with only single bonds.

> Naming rule: Prefix "cyclo-" + alkane name (based on the number of carbon atoms in the
ring).

» Example: "Cyclohexane" for a six-carbon ring.

B. Cycloalkenes (Unsaturated)

» Cycloalkenes contain at least one double bond in the ring.
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> Naming rule: Prefix "cyclo-" + suffix "-ene", with numbers indicating the position of the
double bond.

» Example: "Cyclohex-1-ene" for a six-carbon ring with a double bond between the first and
second carbons.

3. Naming Substituents and Functional Groups

e Functional groups modify the base nhame of a molecule.
e Theycan be included as prefixes (if not the highest priority) or suffixes (if highest priority).

Functional Group Formula Prefix Suffix Example
Alcohol -OH hydroxy- -ol Ethanol
Amine -NH, amino- -amine | Methylamine
Aldehyde -CHO formyl- -al Formaldehyde
Ketone >C=0 OXO0- -one Propanone
Carboxylic Acid -COOH  carboxy- -oic acid = Acetic acid

Ester -COOR | alkoxycarbonyl-  -oate Ethyl acetate

e Additional functional groups (ethers, amides, nitriles, etc.) follow similar rules.

General rules of IUPAC nomenclature

The International Union of Pure and Applied Chemistry (IUPAC) provides a globally accepted
system for naming organic compounds.

These rules ensure consistent, clear, and logical naming based on the compound’s molecular
structure.

This guide summarizes the fundamental principles for naming aliphatic, carbocyclic, and
functionalized organic compounds.

Core Naming Rules

1. ldentify the Longest Continuous Carbon Chain

> The longest uninterrupted carbon chain becomes the parent chain and determines the
root name.

> Example: A chain with 7 carbon atoms is named heptane.

2. Number the Carbon Chain

> Number from the end nearest to the first substituent or functional group to ensure the
lowest possible locants (position numbers).
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> Example: In 4-ethyl-2,3-dimethylheptane, numbering gives the lowest positions to the
groups.

3. Identify and Name Substituents
> Side groups (alkyls, halogens, etc.) are treated as prefixes.
> Use multiplicative prefixes (di-, tri-, tetra-) for identical substituents.
> Example: 2,3-dimethyl-4-ethylheptane
4. Assign Locants to Substituents
» Indicate the exact carbon atoms to which substituents are attached.
> Example: In 4-ethyl-2,3-dimethylheptane, ethylis on C4, methyls on C2 and C3.

5. Arrange Substituents in Alphabetical Order

> List substituents alphabetically, ignoring multiplicative prefixes (di-, tri-, etc.).
> Example: Ethyl comes before methylin 4-ethyl-2,3-dimethylheptane
6. Use Proper Punctuation
» Use commas between numbers
> Use hyphens between numbers and letters
> Do notuse spaces

> Example: 4-ethyl-2,3-dimethylheptane

Functional Groups and Priority

7. Determine the Principal Functional Group
> The highest priority group determines the suffix and numbering.

» Start numbering to give the principal group the lowest possible number.

Priority Order (Highest to Lowest):

1. Carboxylic Acid (-COOH) - -oic acid
2. Ester (-COOR) > -oate

. Aldehyde (-CHO) - -al

. Alcohol (-OH) ~> -ol

3
4. Ketone (>C=0)~> -one
5
6

. Amine (-NH,) » -amine
> Example: 4-chloro-3-hydroxybutan-2-one

o Ketone is the suffix (-one)
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