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  Skillbuilder #5.1                     

Title and 

Highlight 

 

Write out Question only 
  

  

• We will practice the skill in class after 

lecture 

Left side: Skillerbuilder problems 



Did you ever Wonder…. 

Whether pharmaceuticals are really safe?  

 

Let’s read p. 181 



 

Ch. 5 

Ch 5.1 

Topic: Overview of 

Isomerism 

EQ: What are the 2 

types of isomers 

and how are they 

different? 

READ pg. 182-183 

then take notes 



 

 

 
 

Isomers are different compounds that 
have the same formula 
There are two general types of isomers 



Constitutional isomers:  
• differ in the connectivity of their atoms. 
• Example (see below) 
 
 
 
 
 
• The two compounds above have the same 

molecular formula, but they differ in their 
constitution.  

• As a result, they are different compounds with 
different physical properties. 

 
 
 
 



• Although the two molecules below have the 
same connectivity, they are NOT identical.   

 

 

 

 

 

 

 

cis-1,2-dimethylcyclohexane 

(both groups in same side of ring) 

trans-1,2-dimethylcyclohexane 

(Both groups on opposite sides) 

Stereoisomers:  



• The terms cis and trans are also used to describe 
stereoisomerism among double bonds. 

 

 

 

 

 

 

 

• The 2 drawings represent compounds with 
different physical properties, because the 
double bond does not experience free rotation 
as single bonds do. 

cis-2-butene 

Groups on same side of pi bond 

trans-2-butene 

Groups on opposite sides 



• Since a pi bond is formed from the overlap of 2 
p-orbitals  

• The rotation of a C-C double bond would 
essentially destroy the overlap between the p-
orbitals 

 
 

 
Therefore, a C-C 
double bond does not 
experience free 
rotation at room 
temperature. 



 

Ch. 5.1  

Ch 5.2 

Topic: Introduction 

to Stereoisomerism 

EQ: What are chiral 

centers and how 

are they identified 

in a molecule? 
READ pg. 183-188 

then take notes 



Read only: Any object can be viewed in a mirror, revealing its 
mirror image. Take, for example, a pair of sunglasses.  

For many objects, like the sunglasses, the mirror image is 
identical to the actual object. The object and its mirror image are 
said to be superimposable.  

 

 

 

This is not the case if we remove one of the lenses. The object 
and its mirror image are now different. One pair is missing the 
right lens, while the other pair is missing the left lens. In this 
case, the object and its mirror image are nonsuperimposable.  

Hands are another example of nonsuperimposable on their 
mirror images. A right hand and a left hand are mirror images of 
one another, but they are not identical; they are not 
superimposable on one another. A left hand will not fit into a 
right-handed glove, and a right hand will not fit into a left-
handed 



 

• Objects that are not superimposable on their mirror 
images are called chiral objects, from the Greek 
word cheir (meaning “hand”). 

• All three-dimensional objects ( like molecules) can 
be classified as either chiral or achiral.  

• To identify such stereoisomers, we must be able to 
identify chiral molecules 

 
• A chiral object is asymmetric, which means it is not 

the same as its mirror image (i.e. not 
superimposable on its mirror image) 

 
• You can test whether two objects are identical by 

seeing if they are superimposable if the object and it 
mirror image are identical 
 

Chirality:  



 

• cis-trans isomerism is only one type… there are 
other important stereoisomeric relationships 

• To identify such stereoisomers, we must be able 
to identify chiral molecules 

 

• A chiral object is asymmetric, which means it is 
not the same as its mirror image (i.e. not 
superimposable on its mirror image) 

 

• You can test whether two objects are identical by 
seeing if they are superimposable if the object 
and it mirror image are identical 
 

Chirality:  



• The most common source of molecular chirality is 
when carbon atom is bonded to 4 other atoms 

 

 

 

 

 

• These 2 compounds are not superimposable mirror 
images, they represent 2 different compounds  

• They differ from each other only in the spatial 
arrangement of their atoms, and therefore, they are 
stereoisomers. 

 

• Lets Build the models so you can see it. 

 



• In 1996, the IUPAC recommended that a 
tetrahedral carbon bearing four different groups 
be called chirality center  

• Below are several examples of chiral centers: 

 

 

 

 

• Each of these compounds clockwise path and 
counterclockwise path are different = they have 
a chiral center 

 
 

 

 

 

 

 

 

In the last compound, 
the carbon atom is a 
chiral center because 
one path around the 
ring is different than the 
other path  



The following compound does not have a chiral 
center. 

• In this case, the clockwise path and the 
counterclockwise path are identical. 
 

 

 

 

 

 

 



How many chirality centers are in each of the following compounds? 

 

 

 

 

 

 

 
no chirality centers 

2 chirality centers 

2 chirality centers 2 chirality centers 



Skillbuilder 5.1 (p.185) – Write it out (Left side) 



Skillbuilder 5.1 (p.185) – Write it out (Left side) 



• When a compound is chiral, it will have one 
nonsuperimposable mirror image, called its 
enantiomer (from the Greek word meaning 
“opposite”).  

• The compound and its mirror image are said to be a 
pair of enantiomers.  

• The word “enantiomer” is used in speech in the 
same way that the word “twin” is used in speech.  

• Similarly, when two compounds are a pair of 
enantiomers, each compound is said to be the 
enantiomer of the other.  

• A chiral compound will have exactly one enantiomer, 
never more and never less.  

• Let’s practice drawing the enantiomer of chiral 
compounds. 
 

Enantiomers:  



• Some stereoisomers can also be classified as enantiomers 

• Enantiomers are TWO molecules that are MIRROR IMAGES but are 
not superimposable, therefore not identical 

• Only a chiral compound can have an enantiomer 

 

Enantiomers:  

this is a chiral compound… … the mirror image will be its enantiomer 



• Another, often easier way to draw the enantiomer of a chiral 
compound is to invert the dashes and wedges of a chirality center 

 

Enantiomers:  

enantiomers 
enantiomers 

this is not a chiral compound, so inverting the  

dashes/wedges provides an identical structure 



Skillbuilder 5.2 (p.186) – Write it out (Left side) 



Skillbuilder 5.2 (p.186) – Write it out (Left side) 



Skillbuilder 5.2 (p.186) – Write it out (Left side) 



 

Ch 5.3 

Topic: Designating 

Configuration 

Using Cahn-

Ingold_prelog 

System 

EQ: What are chiral 

centers and how 

are they identified 

in a molecule? 
READ pg. 188-193 

then take notes 



The Sense of Smell 

Let’s read p. 188 



• Enantiomers are different compounds, so they 
must not have identical names 

• They have opposite configuration at their 
chirality center(s) 

 

Designating R vs S configuration: 

•In order to communicate more effectively, we 
also need a system of nomenclature for 
identifying each enantiomer individually.  
•This system is named after the chemists who 
devised it: Cahn-Ingold-Prelog (CIP) system  



• We use the CIP system to designate each 
chirality center as having either the “R” or “S” 
configuration. 

• If a compound has the “R” configuration at a 
chirality center, then the enantiomer will have 
the “S” configuration 

Designating R vs S configuration: 



3 Rules of the CIP system to assign “R” or “S” to a 
chirality center using a stepwise procedure 

 

1. Using atomic numbers, prioritize the 4 groups 
attached to the chirality center (1, 2, 3 and 4)  

 

The higher the atomic number, the higher the 
priority 

 

 

 

The atom with the largest atomic number is 
assigned the highest priority (1), and so on… 
 

Designating R vs S configuration: 



2. Arrange the molecule in space so the lowest 
priority group faces away from you 

 

 

 

 

 

 

**This is the step where it is most helpful to 
have a handheld model (SO lets build it) 

 
 

Designating R vs S configuration: 



3. Counting the other group priorities, 1…2…3, 
determine whether the order progresses in a 
clockwise or counterclockwise direction. 

(If necessary, rotate the molecule so that the 
fourth priority group is on a dash)  

 

Clockwise = R     and      Counterclockwise = S 

 

 

 

 

 

 

 
 

Designating R vs S configuration: 

Latin word for “rectus” = right Latin word for “sinister” = left 



Assigning Priorities to All Four Groups 

• When the groups attached to a chirality center are 
similar, it can be tricky to prioritize them 

• Analyze the atomic numbers one layer of atoms at a 
time 

    

 

 

 

4 4 1 1 

Tie 

The 1 and 4 groups are obvious, but  

there is a tie for priority 2 and 3 

So we have to compare the atomic 

Number of the atoms bonded to each 

carbon to break the tie 

2 3 



Assigning Priorities to All Four Groups 

Analyze the atomic numbers one layer of atoms at 
a time 

 

• First layer 

 

 

 

 

• Second layer 

 

4 1 

Tie 

The priority is based on the 
first point of difference!  

2 3 



Assigning Priorities to All Four Groups 

• When assigning priorities, a double bond is 
considered as two separate single bonds. The 
following carbon atom (highlighted) is treated as 
if it is connected to two oxygen atoms: 



Assigning Priorities to All Four Groups 

• The same rule is applied for any type of multiple 
bond, as illustrated in the following example: 



Rotating the Molecule 
• Handheld molecular models can be very helpful when 

arranging the molecule in space so the lowest priority 
group faces away from you 

• Here are some other tricks that can use 
– Switching two groups on a chirality center will 

produce its opposite configuration 
 
 
 
 
 
 

– It doesn’t matter which two groups are switched. 
Switching any two groups will change the 
configuration.  

 



Rotating the Molecule 
• You can use this trick to adjust a molecule so that the 

lowest priority group faces away from you 

 

 
 

 

• With the 4th priority group facing away (dash), the 
sequence 1-2-3 is clockwise, so the configuration is R. 

• Switching two of the groups, twice, returns the original 
configuration but allows us to put the 4 priority group 
pointing away. 

 



Summary of the procedure for 
assigning configuration: 



Skillbuilder 5.3 (p.191) – Write it out (Left side) 

The following bond-line structure represents one enantiomer of 2-amino-3-
(3,4-dihydroxyphenyl)propanoic acid, used in the treatment of Parkinson’s 
disease. Assign the configuration of the chiral center in this compound. 



Skillbuilder 5.3 (p.191) – Write it out (Left side) 



Skillbuilder 5.3 (p.191) – Write it out (Left side) 



(R) and (S) in IUPAC Nomenclature 
 
• When naming a chiral compound, the configuration of 

the chiral center is indicated at the beginning of the 
name, italicized, and surrounded by parentheses: 



(R) and (S) in IUPAC Nomenclature 
 
• When multiple chiral centers are present, each 

configuration must be preceded by a locant (a number) 
to indicate its location on the parent chain: 



(R) and (S) in IUPAC Nomenclature 
 
• Because the structures of enantiomers only differ in the 

same way your right hand differs from your left, they 
have the same physical properties. 

 

 

 
 

 

 

 

• Enantiomers only differ in (1) how they interact with 
other chiral compounds, and (2) their optical activity 
(Ch 5.4) 



Medically Speaking: Chiral 
Drugs 
Let’s read p. 193-194 



 

 

Ch 5.5 

Topic: 

Stereoisomeric 

Relationships: 

Enantiomers and 

Diastereomers 

EQ: What is the 

difference between 

Enantiomers and 

Diastereomers? 
READ pg. 200-201 

then take notes 



Enantiomers and Diastereomers 

• Enantiomers: stereoisomers that are mirror 
images 

• Diastereomers: stereoisomers that are not mirror 
images 



Enantiomers and Diastereomers 
• Consider the structures of cis- and trans-2-butene 

 
 
 
 

• They are stereoisomers, but not mirror images of 
each other.  So, they are diastereomers! 
 

• Recall that enantiomers have identical physical 
properties. 
 

• Diastereomers have different physical properties 
 

200   CHAPTER  5   Stereoisomerism

5.5  Stereoisomeric Relationships:  Enantiomers and 
Diastereomers

In Section 5.1, we saw that stereoisomers have the same constitution (connectivity of atoms) but are 

nonsuperimposable (they dif er in their spatial arrangement of atoms). Stereoisomers can be subdi-

vided into two categories, as shown in Figure 5.11. 

FIGURE 5.11

The main categories 

of stereoisomers.

Nonsuperimposable

Isomers

Constitutional isomers

(Different connectivity)

Stereoisomers

(Same connectivity)

Nonsuperimposable,

and NOT mirror images

Diastereomers

Nonsuperimposable

mirror images

Enantiomers

Enantiomers are stereoisomers that are mirror images of one another, while diastereomers are stereo-

isomers that are not mirror images of one another. According to these def nitions, we can understand 

why cis-trans isomers (discussed at the beginning of this chapter) are said to be diastereomers, rather 

than enantiomers. Consider, once again, the structures of cis-2-butene and trans-2-butene:

trans-2-Butene

CH3

H3C H

H

cis-2-Butene

CH3H3C

H H

T ey are stereoisomers, but they are not mirror images of one another and are therefore diastereo-

mers. An important dif erence between enantiomers and diastereomers is that enantiomers have 

the same physical properties (as seen in Section 5.4), while diastereomers have dif erent physical 

properties (as seen in Section 5.1).

T e dif erence between enantiomers and diastereomers becomes especially relevant when we con-

sider compounds containing more than one chiral center. As an example, consider the following structure:

OH

Me

1

2

T is structure has two chiral centers. Each one can have either the R conf guration or the S conf gura-

tion, giving rise to four possible ster eoisomers (two pairs of enantiomers):

OH

Me

OH

Me

1R, 2S 1S, 2R

A pair of enantiomers

OH

Me

OH

Me

1R, 2R 1S, 2S

A pair of enantiomers

To describe the relationship between these four stereoisomers, we will look at one of them and 

describe its relationship to the other three stereoisomers. T e f rst stereoisomer listed above has the 

conf guration (1R, 2S ). T is stereoisomer has only one mirror image, or enantiomer, which has  

the conf guration (1S, 2R). T e third stereoisomer is not a mirror image of the f rst stereoisomer and 

is therefore its diastereomer. In a similar way, there is a diastereomeric relationship between the f rst 

stereoisomer and the four th stereoisomer above because they are not mirror images of one another.



Enantiomers and Diastereomers 
• The difference between enantiomers and diastereomers 

becomes especially relevant when we consider compounds 
containing more than one chiral center. As an example, 
consider the following structure: 

 

 

 

 

 

• This structure has TWO chiral centers. Each one can have 
either the R configuration or the S configuration, giving rise to 
four possible stereoisomers (two pairs of enantiomers): 



Enantiomers and Diastereomers 

The first stereoisomer listed above has the configuration (1R, 
2S ). This stereoisomer has only one mirror image, or 
enantiomer, which has the configuration (1S, 2R).  
 
The third stereoisomer is not a mirror image of the first 
stereoisomer and is therefore its diastereomer. In a similar 
way, there is a diastereomeric relationship between the first 
stereoisomer and the fourth stereoisomer above because 
they are not mirror images of one another. 



Enantiomers and Diastereomers 
READ ONLY:  To help better visualize the relationship between the four 
compounds above we will use an analogy.  

• Imagine a family with four children (two sets of twins). The first pair 
of twins are identical to each other in almost every way, except for 
the placement of one birthmark. One child has the birthmark on the 
right cheek, while the other child has the birthmark on the left 
cheek. These twins can be distinguished from each other based on 
the position of the birthmark. They are nonsuperimposable mirror 
images of each other.  

• The second pair of twins look very different from the first pair. But 
the second pair of twins are once again identical to each other in 
every way, except the position of the birthmark on the cheek. They 
are nonsuperimposable mirror images of each other. 

• In this family of four children, each child has one twin and two other 
siblings. The same relationship exists for the four stereoisomers 
shown above. In this molecular family, each stereoisomer has 
exactly one enantiomer (mirror-image twin) and two diastereomers 
(siblings). 

 



Enantiomers and Diastereomers 
• Now consider a case with THREE chiral centers: 

 

 

 

 

 

 

 

 

 

• There are three stereocenters here, and so there are 8 possible 
stereoisomers (all drawn above).  Consider the relationship among 
them (enantiomers vs. diastereomers) 

 



Enantiomers and Diastereomers 
• Notice these 8 stereoisomers are comprised of 4 

pairs of enantiomers 

• Can think of this as a family where there are 4 
pairs of twins, for a total of 8 kids.   

• Each kid has 7 siblings, where one of them is 
their twin (i.e. enantiomer) and the other 6 are 
diastereomers 

  
 



Enantiomers and Diastereomers 
• A compound with FOUR chiral centers will 

generate a family of eight pairs of enantiomers.  

 

• This begs the obvious question: What is the 
relationship between the number of chiral 
centers and the number of stereoisomers in the 
family?  

 Maximum number of stereoisomers = 2n 

• where n refers to the number of chiral centers. A 
compound with four chiral centers can have a 
maximum of 24 stereoisomers = 16 
stereoisomers, or eight pairs of enantiomers.  



Enantiomers and Diastereomers 
• As another example, consider the structure of 

cholesterol: 
• What is the maximum number of possible cholesterol 

isomers? 
 
 
 
 
 
 
 
 

• Cholesterol has eight chiral centers, giving rise to a 
family of 28 stereoisomers (256 stereoisomers). 

 



Skillbuilder 5.6 (p.202) – Write it out (Left side) 



Skillbuilder 5.6 (p.202) – Write it out (Left side) 



Skillbuilder 5.6 (p.202) – Write it out (Left side) 



 

 

Ch 5.6 

Topic: Symmetry 

& Chirality 

EQ: How do you 

determine if a 

compound is 

chiral or achiral? 
READ pg. 203-205 

then take notes 



Rotational Symmetry Versus 
Reflectional Symmetry 
• Any compound with only ONE chirality center 

will be a chiral compound 

• With more than one chirality center, a 
compound may not be chiral; it may have a 
plane of symmetry 



Rotational Symmetry Versus 
Reflectional Symmetry 
• Consider the stereoisomers below, which 

possess TWO chirality centers: 

 

 

 

 

• The trans isomer is chiral, but the cis isomer is 
not (it is achiral) 

 

 

 

trans-1,2-dimethylcyclohexane cis-1,2-dimethylcyclohexane 

 



Rotational Symmetry Versus 
Reflectional Symmetry 

There are only two types of symmetry: rotational 
symmetry and reflectional symmetry.  

The first compound above (the trans isomer) 
exhibits rotational symmetry. To visualize this, 
imagine that the cyclohexane ring is pierced with 
an imaginary stick. Then, while your eyes are 
closed, the stick is rotated: 

 

 

 



Rotational Symmetry Versus 
Reflectional Symmetry 

 

 

 

 

 

If, after opening your eyes, it is impossible to 
determine whether or not the rotation occurred, 
then the molecule possesses rotational symmetry. 
The imaginary stick is called an axis of symmetry. 



Rotational Symmetry Versus 
Reflectional Symmetry 

Let’s consider the structure of the cis isomer: 

 

• This compound does not have the same           
axis of symmetry that the trans isomer exhibits. 

• If we pierce the molecule with an imaginary 
stick, we would have to rotate 360° in order to 
regenerate the exact same image. The same is 
true if we pierce the molecule from any angle.  

• Therefore, this compound does not exhibit 
rotational symmetry.  

• However, the compound does exhibit 
reflectional symmetry.  



Rotational Symmetry Versus 
Reflectional Symmetry 
• Imagine closing your eyes while the 

molecule is reflected about the plane 
shown. 

• That is, everything on the right side is 
reflected to the left side, and 
everything on the left side is reflected 
to the right side. When you open your 
eyes, you will not be able to 
determine whether or not the 
reflection took place. 

• This molecule possesses a plane of 
symmetry. 



Rotational Symmetry Versus 
Reflectional Symmetry 

To summarize: 

• a molecule with an axis of symmetry possesses 
rotational symmetry. 

• a molecule with a plane of symmetry possesses 
reflectional symmetry.  

 



Rotational Symmetry Versus 
Reflectional Symmetry 

We saw that trans-1,2-dimethylcyclohexane 
possesses rotational symmetry; nevertheless, the 
compound is still chiral and exists as a pair of 
enantiomers: 



Rotational Symmetry Versus 
Reflectional Symmetry 

Chirality is only dependent on the 
presence or absence of reflectional 
symmetry.  

• Any compound that possesses a 
plane of symmetry in any 
conformation will be achiral.  

• We saw that the cis isomer of 1,2-
dimethylcyclohexane exhibits a plane 
of symmetry, and therefore, the 
compound is achiral.  

• It is identical to its mirror image.  

• It does not have an enantiomer. 
 

The cis isomer 
has a plane of 

symmetry, 
which  

means it will be 
superimposable 

on its 

mirror image, 
and is not a 

chiral 
compound 



Rotational Symmetry Versus 
Reflectional Symmetry 

If a compound has a plane of symmetry, it is 
ACHIRAL 

 

• But be careful….the absence of a plane of 
symmetry does not necessarily mean that 
the compound is chiral. Why?  

• Because a plane of symmetry is only one 
type of reflectional symmetry.  

• There are other types of reflectional 
symmetry, and the presence of any kind of 
reflectional symmetry will render a 
compound achiral.  



Rotational Symmetry Versus 
Reflectional Symmetry 
• As an example, consider the following 

compound: 

• This compound does not have a plane of 
symmetry, but it does have another kind of 
reflectional symmetry. Instead of reflecting 
about a plane, imagine reflecting about a 
point at the center of the compound. 
Reflection about a point (rather than a 
plane) is called inversion.  



Rotational Symmetry Versus 
Reflectional Symmetry 
• During the inversion process, the methyl 

group at the top of the drawing (on a 
wedge) is reflected to the bottom of the 
drawing (on a dash).  

• Similarly, the methyl group at the bottom of 
the drawing (on a dash) is reflected to the 
top of the drawing (on a wedge).  

• All other groups are also reflected about the 
center of the compound.  



Rotational Symmetry Versus 
Reflectional Symmetry 
• If your eyes are closed when the                 

inversion takes place, you would not                
be able to determine whether anything had 
happened.  

• The compound is said to exhibit a center of 
inversion, which endows it with reflectional 
symmetry.  

• As a result, the compound is achiral even 
though it lacks a plane of symmetry. 



Rotational Symmetry Versus 
Reflectional Symmetry 
• We can summarize the relationship between 

symmetry and chirality with the following 
three statements: 

1. The presence or absence of rotational 
symmetry is irrelevant to chirality. 

2. A compound that has a plane of symmetry 
will be achiral. 

3. A compound that lacks a plane of 
symmetry will most likely be chiral 
(although there are rare exceptions, which 
can mostly be ignored for our purposes). 



Conceptual Checkpoint (p.205) 

HMWK: 
Before we go on, lets see if you can determine if the  
following objects #21-23 possess a plane of symmetry. 



Meso Compounds 

• We have seen that the presence of chiral 
centers does not necessarily render a 
compound chiral.  

• Specifically, a compound that exhibits 
reflectional symmetry will be achiral even 
though it has chiral centers.  

• Such compounds are called meso 
compounds.  



Meso Compounds 

• As an example, consider the following 
structure: 

 

 

• This structure has two chiral centers and 
therefore we would expect 22 (=4) 
stereoisomers. In other words, we expect 
two pairs of enantiomers: 



Meso Compounds 

• The first pair of enantiomers meets our 
expectations.  

• But the second pair is actually just one compound. 
It has reflectional symmetry and is therefore a 
meso compound: 

 

 

 

• The compound is not chiral, and it does not have an 
enantiomer. 



Meso Compounds 

So… 

• A compound with chirality centers, but is achiral 
because of symmetry is called a meso compound 

• Another way to test if a compound is a meso 
compound is to see if it is identical to its mirror 
image 

• Draw the mirror image of the cis isomer and show 
that it can be superimposed on its mirror image 

• By definition, when a compound is identical to its 
mirror image, it is NOT chiral. It is achiral. 



Meso Compounds 

• The molecules below are meso compounds: 

 

 

 

• meso compounds have less than the predicted 
number of stereoisomers based on the 2(n) 

formula. 

 

• Read Example p.205 (twins and one single child) 

 



Skillbuilder 5.7 (p.206) – Write it out (Left side) 



Skillbuilder 5.7 (p.206) – Write it out (Left side) 



Skillbuilder 5.7 (p.206) – Write it out (Left side) 



Skillbuilder 5.7 (p.206) – Write it out (Left side) 



Need to do Ch 5.11 for E vs Z 


