11.3 Alkanes with Substituents

When an alkane has Q @
four or more carbon CHy— CHy— CHy— C,
atoms, the atoms can be

v Vv

arranged so that a side

group called a branch or o)

substituent is attached ciy

to a carbon chain. o < CHy—CH—CH,
|
4 -~

Learning Goal Write the [IUPAC names for alkanes with
substituents and draw their condensed structural formulas and
skeletal formulas.
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Structural Isomers

Structural isomers
@

* have the same molecular
formula with a different
arrangement of atoms

CHy— CHy—CH,— CHy

0o Vv

* have the same number @
of atoms bonded in a i,
different order CH,— CH—CH,

Butane, C,H,, has two @
structural isomers: a straight
chain and a branched chain.
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Study Check
N

Draw three possible structural isomers of pentane, CsH,,.
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Solution

I
Draw three possible structural isomers of pentane, CsH,,.

Structural Isomers of CsHy,

CH; CHj

CH;— CH,— CH,— CH,—CHj CH;—CH—CH,—CH, CH;—C—CH;,
CH;
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Alkane Substituents

Substituents are atoms or groups of atoms attached to the
carbon chain and include alkyl and halo groups.

Alkyl groups are

* groups of carbon atoms attached to carbon chains
+ named in the I[UPAC system with an y/ ending
Halo substituents are

* halogen atoms attached to the carbon chain

+ named in the IUPAC system as fluoro, chloro, bromo,
or iodo.
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Substituents and Alkyl Groups
N

TABLE 11.5 Names and Formulas for Some Common Substituents

Substituent Name
CH;— Methyl
CH;—CH,— Ethyl
CH;—CH,—CH,— Propyl

\
CH;—CH—CH;, Isopropyl

7=, Cll—=, gjr— Il=— Fluoro, chloro, bromo, iodo
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Guide to Naming Alkanes with

Substituents
[ |

Guide to Naming Alkanes
STEP

Write the alkane name for the
longest chain of carbon atoms.

sTEP B

Number the carbon atoms
starting from the end nearer a
substituent.

sTEP B

Give the location and name for
each substituent (alphabetical
order) as a prefix to the name
of the main chain.
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Study Check
N

Give the IUPAC name for the following compound:

H Cl H H H

I—0—
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Solution
[

ANALYZE Type of Compound Substituents TUPAC Naming
THE alkane one methyl group  number chain
PROBLEM one halo group for substituents

STEP 1 Write the alkane name of the longest chain of
carbon atoms. H ¢ H H
The longest chain has
five carbons—pentane. “_T
H

‘Ghermisty: An Introduction to General, Organic, and Blological Chemistry, Twelfth Edition ©2015 Pearson Educaton, Inc




Solution

STEP 2 Number the carbon atoms starting from the end
nearest to a substituent.

pentane

STEP 3 Give th¢ location/and name of each substituent (in
alphabgtical order) as a prefix to the name of the
main ¢hain.

2-chloro-3-methylpentane
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Naming Cycloalkanes with
Substituents

‘When one substituent is attached to a carbon atom in a
cycloalkane,

« the name of the substituent is placed in front of the
cycloalkane name

* no number is needed for a single alkyl group or halogen atom

The IUPAC name for the following
cycloalkane is ethylcyclohexane. CH,CH3
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Naming Haloalkanes

Haloalkanes
« are alkanes with a halogen atom that replaces a hydrogen atom
« are named by putting the substituents in alphabetical order

* have the halo group numbered according to the carbon where
it is attached to the alkane

CH;—cl CH;—CH,—Br CH;—CH,—CH,—F

IUPAC CI 1-Fluoropropane

Common Methyl chloride Ethyl bromide Propyl fluoride
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Drawing Formulas for Alkanes

I
The IUPAC name gives all the information needed to draw the

condensed structural formula for an alkane.
di means “two”
Draw the structure for 1-chloro-1,2-dimethylheptane
heptane: seven-carbon chain

methyl group on carbons 1 and 2

chlorine on carbon 1
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Guide to Drawing Formulas for

Alkanes
.

Guide to Drawing Alkane
Formulas

STEP

Draw the main chain of carbon
atoms.

STEP B3

Number the chain and place
the substituents on the
carbons indicated by the
numbers.

ster B

Add the correct number of
hydrogen atoms to give four
bonds to each C atom.
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Study Check

Draw the condensed structural formula for
3-bromo-1-chlorobutane.
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Solution
[

Draw the condensed structural formula for
3-bromo-1-chlorobutane.

STEP 1 Draw the main chain of carbon atoms.
The longest chain in butane /\/
has four carbon atoms. Cc—C—C—C

STEP 2 Number the chain and place the substituents on the
carbons indicated by the numbers. 1 2 3 4
3-bromo: — Br goes on carbon 3 c—C—C—C

1-chloro: — CI goes on carbon 1 Cl Br
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Solution
-

Draw the condensed structural formula for
3-bromo-1-chlorobutane.

STEP 3 Add the correct number of hydrogen atoms to give
four bonds to each C atom.
Cl

CH,—CH,—CH—CH,

|

al Br Br
3-bromo-1-chlorobutane
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Study Check
-

Name each of the following alkanes:

T

Cl

‘Ghermisty: An Introduction to General, Organic, and Blological Chemistry, Twelfth Edition ©2015 Pearson Educaton, Inc




Solution
|
Name each of the following alkanes:

STEP 1 Write the alkane name of the longest chain of
carbon atoms.

A. \/Y The longest chain in pentane has

& five carbon atoms.

B. The longest chain in pentane has
five carbon atoms.
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Solution
-

Name each of the following alkanes:

STEP 2 Number the carbon atoms starting from the end
nearer a substituent.

A. / 1 2-chloro: — Cl goes on carbon 2.

2,3-dimethyl: — CH; goes on
carbons 2 and 3.
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Solution
-

Name each of the following alkanes:

STEP 3 Give the location and name of each substituent

(alphabetical order) as a prefix to the name of the
main chain.

5

5. 3 I
A. \/\{ 2-chloropentane
4

Cl

2,3-dimethylpentane
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