
3.123.12
Disubstituted Cycloalkanes:Disubstituted Cycloalkanes:

StereoisomersStereoisomers

Stereoisomers are isomers that have Stereoisomers are isomers that have 
same constitution but different same constitution but different 
arrangement of atoms in spacearrangement of atoms in space



Isomers Isomers 

Constitutional isomersConstitutional isomers StereoisomersStereoisomers



1,21,2--DimethylcyclopropaneDimethylcyclopropane

There are two stereoisomers of There are two stereoisomers of 
1,21,2--dimethylcyclopropane.dimethylcyclopropane.

They differ in spatial arrangement of atoms.They differ in spatial arrangement of atoms.



1,21,2--DimethylcyclopropaneDimethylcyclopropane

ciscis--1,21,2--Dimethylcyclopropane has methyl groupsDimethylcyclopropane has methyl groups
on same side of ring.  on same side of ring.  

transtrans--1,21,2--Dimethylcyclopropane has methyl groupsDimethylcyclopropane has methyl groups
on opposite sides.on opposite sides.



Relative stabilities of stereoisomers may be
determined from heats of combustion.

Relative stabilities of stereoisomers may be
determined from heats of combustion.



3371 kJ/mol3371 kJ/mol

3366 kJ/mol3366 kJ/mol

van der Waals strain makes cisvan der Waals strain makes cis
stereoisomer less stable than transstereoisomer less stable than trans



3.13
Conformational Analysis

of Disubstituted Cyclohexanes



ciscis transtrans

CHCH33

5219 kJ/mol5219 kJ/mol 5212 kJ/mol5212 kJ/mol

less stableless stable more stablemore stable

Trans stereoisomer is more stable than cis, but Trans stereoisomer is more stable than cis, but 
methyl groups are too far apart to crowd each other.methyl groups are too far apart to crowd each other.
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1,41,4--Dimethylcyclohexane StereoisomersDimethylcyclohexane Stereoisomers



CHCH33

Two equivalent conformations; each has one axial Two equivalent conformations; each has one axial 
methyl group and one equatorial methyl groupmethyl group and one equatorial methyl group
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Conformational analysis of
cis-1,4-dimethylcyclohexane
Conformational analysis ofConformational analysis of

ciscis--1,41,4--dimethylcyclohexanedimethylcyclohexane



Two conformations are not equivalent; most stableTwo conformations are not equivalent; most stable
conformation has both methyl groups equatorial.conformation has both methyl groups equatorial.
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Conformational analysis of
trans-1,4-dimethylcyclohexane

Conformational analysis ofConformational analysis of
transtrans--1,41,4--dimethylcyclohexanedimethylcyclohexane



ciscis transtrans

5223 kJ/mol5223 kJ/mol 5217 kJ/mol5217 kJ/mol

less stableless stable more stablemore stable

Analogous to 1,4 in that trans is more stableAnalogous to 1,4 in that trans is more stable
than cis.than cis.
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1,21,2--Dimethylcyclohexane StereoisomersDimethylcyclohexane Stereoisomers



Two equivalent conformations; each has one axial Two equivalent conformations; each has one axial 
methyl group and one equatorial methyl groupmethyl group and one equatorial methyl group

CHCH33

CHCH33
HH

HH

 

HH
CHCH33

HH

CHCH33 

HH

CHCH33

HH

CHCH33

 

Conformational analysis of
cis-1,2-dimethylcyclohexane
Conformational analysis ofConformational analysis of

ciscis--1,21,2--dimethylcyclohexanedimethylcyclohexane



 

Two conformations are not equivalent; most stableTwo conformations are not equivalent; most stable
conformation has both methyl groups equatorial.conformation has both methyl groups equatorial.
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Conformational analysis of
trans-1,2-dimethylcyclohexane

Conformational analysis ofConformational analysis of
transtrans--1,21,2--dimethylcyclohexanedimethylcyclohexane



ciscis transtrans

5212 kJ/mol5212 kJ/mol 5219 kJ/mol5219 kJ/mol

more stablemore stable less stableless stable

Unlike 1,2 and 1,4;  cisUnlike 1,2 and 1,4;  cis--1,3 is more stable than trans.1,3 is more stable than trans.
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1,31,3--Dimethylcyclohexane StereoisomersDimethylcyclohexane Stereoisomers



Two conformations are not equivalent; most stableTwo conformations are not equivalent; most stable
conformation has both methyl groups equatorial.conformation has both methyl groups equatorial.
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Conformational analysis of
cis-1,3-dimethylcyclohexane
Conformational analysis ofConformational analysis of

ciscis--1,31,3--dimethylcyclohexanedimethylcyclohexane



Two equivalent conformations; each has one axialTwo equivalent conformations; each has one axial
and one equatorial methyl group.and one equatorial methyl group.
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Conformational analysis of

trans-1,3-dimethylcyclohexane
Conformational analysis ofConformational analysis of

transtrans--1,31,3--dimethylcyclohexanedimethylcyclohexane



CompoundCompound OrientationOrientation --∆∆H°H°

ciscis--1,21,2--dimethyldimethyl axax--eqeq 52235223
transtrans--1,21,2--dimethyldimethyl eqeq--eqeq 5217*5217*

ciscis--1,31,3--dimethyldimethyl eqeq--eqeq 5212*5212*
transtrans--1,31,3--dimethyldimethyl axax--eqeq 52195219

ciscis--1,41,4--dimethyldimethyl axax--eqeq 52195219
transtrans--1,41,4--dimethyldimethyl eqeq--eqeq 5212*5212*

*more stable stereoisomer of pair*more stable stereoisomer of pair

Table 3.2  Heats of Combustion ofTable 3.2  Heats of Combustion of
Isomeric DimethylcyclohexanesIsomeric Dimethylcyclohexanes


