
Stereoisomers 
As defined in an earlier introductory section, isomers are different compounds that have the 
same molecular formula. When the group of atoms that make up the molecules of different 
isomers are bonded together in fundamentally different ways, we refer to such compounds 
as constitutional isomers. For example, in the case of the C4H8 hydrocarbons, most of the 
isomers are constitutional. Shorthand structures for four of these isomers are shown below 
with their IUPAC names. 

 

Note that the twelve atoms that make up these isomers are connected or bonded in very 
different ways. As is true for all constitutional isomers, each different compound has a 
different IUPAC name. Furthermore, the molecular formula provides information about 
some of the structural features that must be present in the isomers. Since the formula 
C4H8 has two fewer hydrogens than the four-carbon alkane butane (C4H10), all the isomers 
having this composition must incorporate either a ring or a double bond. A fifth possible 
isomer of formula C4H8 is CH3CH=CHCH3. This would be named 2-butene according to the 
IUPAC rules; however, a close inspection of this molecule indicates it has two possible 
structures. These isomers may be isolated as distinct compounds, having characteristic and 
different properties. They are shown here with the designations cis and trans. 

 

    The bonding patterns of the atoms in these two isomers are essentially equivalent, the 
only difference being the relative orientation or configuration of the two methyl groups (and 
the two associated hydrogen atoms) about the double bond. In the cis isomer the methyl 
groups are on the same side; whereas they are on opposite sides in the trans isomer. 
Isomers that differ only in the spatial orientation of their component atoms are 
called stereoisomers. Stereoisomers always require that an additional nomenclature prefix 
be added to the IUPAC name in order to indicate their spatial orientation, for 
example,cis (Latin, meaning on this side) and trans (Latin, meaning across) in the 2-butene 
case. 
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Alkene Stereoisomers 

Configurational Stereoisomers of Alkenes 

The carbon-carbon double bond is formed between two sp2 hybridized carbons, and 
consists of two occupied molecular orbitals, a sigma orbital and a pi orbital. Rotation of the 
end groups of a double bond relative to each other destroys the p-orbital overlap that 
creates the pi orbital or bond. Because the pi bond has a bond energy of roughly 60 
kcal/mole, this resistance to rotation stabilizes the planar configuration of this functional 
group. As a result, certain disubstituted alkenes may exist as a pair of configurational 
stereoisomers, often designated cis and trans. The essential requirement for this 
stereoisomerism is that each carbon of the double bond must have two different 
substituent groups (one may be hydrogen). This is illustrated by the following general 
formulas. In the first example, the left-hand double bond carbon has two identical 
substituents (A) so stereoisomerism about the double bond is not possible (reversing 
substituents on the right-hand carbon gives the same configuration). In the next two 
examples, each double bond carbon atom has two different substituent groups and 
stereoisomerism exists, regardless of whether the two substituents on one carbon are the 
same as those on the other. 

 

Some examples of this configurational stereoisomerism (sometimes called geometric 
isomerism) are shown below. Note that cycloalkenes smaller than eight carbons cannot 
exist in a stable trans configuration due to ring strain. A similar restriction holds against 
cycloalkynes smaller than ten carbons. Since alkynes are linear, there is no 
stereoisomerism associated with the carbon-carbon triple bond. 

 

Nomenclature of Alkene 
Stereoisomers 

Configurational stereoisomers of the kind shown above 
need an additional nomenclature prefix added to the 
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IUPAC name, in order to specify the spatial orientations of the groups attached to the 
double bond. Thus far, the prefixes cis- and trans- have served to distinguish 
stereoisomers; however, it is not always clear which isomer should be called cis and which 
trans. For example, consider the two compounds on the right. Both compound A (1-bromo-
1-chloropropene) and compound B ( 1-cyclobutyl-2-ethyl-3-methyl-1-butene) can exist as a 
pair of configurational stereoisomers (one is shown). How are we to name these 
stereoisomers so that the configuration of each is unambiguously specified? Assignment of 
a cis or trans prefix to any of these isomers can only be done in an arbitrary manner, so a 
more rigorous method is needed. A completely unambiguous system, based on a set of 
group priority rules, assigns a Z (German, zusammen for together) or E (German, entgegen 
for opposite) to designate the stereoisomers. In the isomers illustrated above, for which cis-
trans notation was adequate, Z is equivalent to cis and E is equivalent to trans. 

 
 

The Sequence Rule for Assignment of Alkene Configurations 

    Assign priorities to double bond substituents by looking at the atoms attached directly to the double bond carbons. 

1. The higher the atomic number of the immediate substituent atom, the higher the priority.  
For example, H–  <  C–  <  N–  <  O–  <  Cl–. (priority increases left to right) 
(Different isotopes of the same element are assigned a priority according to their atomic mass.) 
2. If two substituents have the same immediate substituent atom, move to the next atom (away from the double bond) until a 
difference is found. 
For example, CH3–  <  C2H5–  <  ClCH2–  <  BrCH2–  <  CH3O–. 

Once the relative priorities of the two substituents on each of the double bond carbons has 
been determined, a cis orientation of the higher priority pair is designated Z, and a trans 
orientation is termed E. Applying these rules to the isomers of compounds A and B shown 
above, we assign the configuration of the 1-bromo-1-chloropropene isomer as E (Br has 
higher priority than Cl, and CH3 a higher priority than H). The configuration of the 1-
cyclobutyl-2-ethyl-3-methyl-1-butene isomer is determined to be Z (C4H7 has higher priority 
than H, and the isopropyl group has higher priority than an ethyl group). The following 
example elaborates the priority determination for a more complex case. 

 



The line formula is expanded to give the structural formula in the center. The root name is 
heptene (the longest chain incorporating both carbons of the double bond), and the 
substituents (in red) are added to give the IUPAC name. In order to assign a configurational 
prefix the priority order of substituents at each double bond carbon must be determined. 
For carbon #3 the immediate substituent atoms are a chlorine and a carbon. The chlorine 
has a higher atomic number and therefore has higher priority (colored green and numbered 
1). The more remote bromine atom does not figure in this choice. For carbon #4 the 
immediate substituent atoms are both carbons (colored orange). As a result, we must look 
at the next higher atomic number atoms in the substituent chain. These are also carbon, but 
the isopropyl group has two carbons (also orange) whereas the propyl group has only one. 
The priority order is therefore isopropyl (green) > propyl (magenta). Since the two higher 
priority groups (#1) are on the same side of the double bond, this configuration is (Z).  
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