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5.6: DIASTEREOMERS

40 OBJECTIVES

After completing this section, you should be able to

1. calculate the maximum number of stereoisomers possible for a compound containing a specified number of chiral carbon atoms.

2. draw wedge-and-broken-line structures for all possible stereoisomers of a compound containing two chiral carbon atoms, with or
without the aid of molecular models.

3. assign (R)/(S) configurations to wedge-and-broken-line structures containing two chiral carbon atoms, with or without the aid of
molecular models.

4. determine, with or without the aid of molecular models, whether two wedge-and-broken-line structures containing two chiral carbon
atoms are identical, represent a pair of enantiomers, or represent a pair of diastereomers.

5. draw the wedge-and-broken-line structure of a specific stereoisomer of a compound containing two chiral carbon atoms, given its
TUPAC name and (R)/(S) configuration.

Make certain that you can define, and use in context, the key term below.

e diastereomer

Diastereomers are two molecules which are stereoisomers (same molecular formula, same connectivity, different arrangement of atoms in
space) but are not enantiomers. Unlike enantiomers which are mirror images of each other and non-superimposable, diastereomers are
not mirror images of each other and non-superimposable. Diastereomers can have different physical properties and reactivity. They have
different melting points and boiling points and different densities. In order for diastereomer stereoisomers to occur, a compound must have
two or more stereocenters.

INTRODUCTION

So far, we have been analyzing compounds with a single chiral center. Next, we turn our attention to those which have multiple chiral
centers. We'll start with some stereoisomeric four-carbon sugars with two chiral centers.

chiral center #1

O OH
OH

OH
chiral center #2

We will start with a common four-carbon sugar called D-erythrose.

H OH O o (®)
HO., ~ z
EXXTTH . Gl (R)
HO H
D-erythrose

A note on sugar nomenclature: biochemists use a special system to refer to the stereochemistry of sugar molecules, employing names of
historical origin in addition to the designators 'D' and 'L'. You will learn about this system if you take a biochemistry class. We will use the
D/L designations here to refer to different sugars, but we won't worry about learning the system.

As you can see, D-erythrose is a chiral molecule: C, and C; are stereocenters, both of which have the (R) configuration. In addition, you
should make a model to convince yourself that it is impossible to find a plane of symmetry through the molecule, regardless of the
conformation. Does D-erythrose have an enantiomer? Of course it does — if it is a chiral molecule, it must. The enantiomer of erythrose is its
mirror image, and is named L-erythrose (once again, you should use models to convince yourself that these mirror images of erythrose are
not superimposable).
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enantiomers

H OH O O Ho H
HO_ -~ . _OH
®) (:R) H H)S(S(.%)\/
HO H H OH
D-erythrose L-erythrose

Notice that both chiral centers in L-erythrose both have the (S) configuration. To avoid confusion, we will simply refer to the different
stereoisomers by capital letters.

Now let's consider all the possible stereoisomers.

Look first at compound A below. Both chiral centers in have the (R) configuration (you should confirm this for yourself!). The mirror image
of Compound A is compound B, which has the (S) configuration at both chiral centers. If we were to pick up compound A, flip it over and
put it next to compound B, we would see that they are not superimposable (again, confirm this for yourself with your models!). A and B are
nonsuperimposable mirror images: in other words, enantiomers.

mirror plane

H OH O
©) ~«——> enantiomers
O A
P -«——>» (iastereomers

HO H

® OH <——> HO

Now, look at compound C, in which the configuration is (S) at chiral center 1 and (R) at chiral center 2. Compounds A and C are
stereoisomers: they have the same molecular formula and the same bond connectivity, but a different arrangement of atoms in space (recall
that this is the definition of the term 'stereoisomer). However, they are not mirror images of each other (confirm this with your models!), and
so they are not enantiomers. By definition, they are diastereomers of each other.

Notice that compounds C and B also have a diastereomeric relationship, by the same definition.

So, compounds A and B are a pair of enantiomers, and compound C is a diastereomer of both of them. Does compound C have its own
enantiomer? Compound D is the mirror image of compound C, and the two are not superimposable. Therefore, C and D are a pair of
enantiomers. Compound D is also a diastereomer of compounds A and B.

This can also seem very confusing at first, but there some simple shortcuts to analyzing stereoisomers:

STEREOISOMER SHORTCUTS

If all of the chiral centers are of opposite (R)/(S) configuration between two stereoisomers, they are enantiomers.

If at least one, but not all of the chiral centers are opposite between two stereoisomers, they are diastereomers.
These shortcuts to not take into account the possibility of additional stereoisomers due to alkene groups: we will come to that later

Here's another way of looking at the four stereoisomers, where one chiral center is associated with red and the other blue. Pairs of
enantiomers are stacked together.
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chiral center #1

(0] OH . ) N
possible configurations:
H OH (R.R) (R.S)
(5,S) (S,R)
OH

chiral center #2

We know, using the shortcut above, that the enantiomer of (R,R) must be (S,S) - both chiral centers are different. We also know that (R,S)
and (S,R) are diastereomers of (R,R), because in each case one - but not both - chiral centers are different.

DETERMINING THE MAXIMUM NUMBER OF STEREOISOMERS FOR A COMPOUND

In general, a structure with n stereocenters will have a maximum of 2" different stereoisomers. (We are not considering, for the time being,
the stereochemistry of double bonds — that will come later). For example, let's consider the glucose molecule in its open-chain form (recall
that many sugar molecules can exist in either an open-chain or a cyclic form). There are two enantiomers of glucose, called D-glucose and
L-glucose. The D-enantiomer is the common sugar that our bodies use for energy. It has n = 4 stereocenters, so therefore there are 2" = 24 =
16 possible stereoisomers (including D-glucose itself).

enantiomers
OH OH O OH OH O

HO R)_A~UR HO ~(S S
(R)(.)(S)(.) H (S)()(R)() H

OH OH OH OH

D-glucose L-glucose

diastereomers diastereomers

D-galactose

In L-glucose, all of the stereocenters are inverted relative to D-glucose. That leaves 14 diastereomers of D-glucose: these are molecules in
which at least one, but not all, of the stereocenters are inverted relative to D-glucose. One of these 14 diastereomers, a sugar called D-
galactose, is shown above: in D-galactose, one of four stereocenters is inverted relative to D-glucose. Diastereomers which differ in only
one stereocenter (out of two or more) are called epimers. D-glucose and D-galactose can therefore be refered to as epimers as well as
diastereomers.

v EXAMPLE 5.6.1

e Draw the structure of L-galactose, the enantiomer of D-galactose.
e Draw the structure of two more diastereomers of D-glucose. One should be an epimer.
Answer
OH OH O
H R)_N(S -
[©) & (:) ® (:) H L-galactose
OH OH
OH OH O
HO (R)_AS) _ L-mannose
RIS H (epimer of D-glucose)
OH OH
OH OH O
HO (S)AR) ] L-gulose
RIR)™ H (diasteromer of D-glucose)
OH OH

https://chem.libretexts.org/@go/page/474177


https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://chem.libretexts.org/@go/page/474177?pdf

LibreTextsm

Erythronolide B, a precursor to the 'macrocyclic' antibiotic erythromycin, has 10 stereocenters. It’s enantiomer is that molecule in which all
10 stereocenters are inverted.

erythronolide B

In total, there are 219 = 1024 stereoisomers in the erythronolide B family: 1022 of these are diastereomers of the structure above, one is the
enantiomer of the structure above, and the last is the structure above.

We know that enantiomers have identical physical properties and equal but opposite degrees of specific rotation. Diastereomers, in theory at
least, have different physical properties — we stipulate ‘in theory’ because sometimes the physical properties of two or more diastereomers
are so similar that it is very difficult to separate them. In addition, the specific rotations of diastereomers are unrelated — they could be the
same sign or opposite signs, and similar in magnitude or very dissimilar.

? EXERCISE 5.6.1

Determine the number of stereoisomers a molecule can have with...

a. 3 chiral centers
b. 1 chiral center
c. 6 chiral centers

Answer
Since a molecule with n chiral centers can have 2" stereoisomers...

a. 2% = 8 possible stereoisomers
b. 2! = 2 possible stereoisomers
c. 2% = 64 possible stereoisomers

? EXERCISE 5.6.2a
What is the relationship between enantiomers?

Answer

They are mirror images of each other and when 2 or more chiral centers are present, every stereocenter is the opposite in its
enantiomer.

? EXERCISE 5.6.2b

How does the stereochemistry in diastereomers differ from each other?

Answer

In diastereomers, one or more of the chiral centers is the opposite but they all can’t be the opposite or else they’d be enantiomers.

? EXERCISE 5.6.2¢
What are epimers?

Answer
Epimers are when only one chiral center is the opposite (in molecules with 2 or more chiral centers) in its diastereomer.
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? EXERCISE 5.6.3a

Draw the structure of (2R,3R) 2-fluoro-3-methylhexane.
Answer
H
H
2R,3R
? EXERCISE 5.6.3b
Draw both diastereomers of (2R,3R) 2-fluoro-3-methylhexane.
Answer
H
F4 »H Hy e
H F
2R,3S 2S,3R
? EXERCISE 5.6.3¢
Draw the enantiomer of (2R,3R) 2-fluoro-3-methylhexane.
Answer
Hoy ~H
F
2S,3S
? EXERCISE 5.6.4a
Draw the structure of L-galactose, the enantiomer of D-galactose.
OH OH O
HO - H
OH OH
SRRS
D-galactose
Answer
OH OH O
H g
(0] - H
OH OH
SRR,S
L-galactose
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Draw a diastereomer of D-galactose that is an epimer.

Answer
You can draw an epimer by drawing D-galactose with 1 (and only 1) of its chiral centers reversed. Here’s an example when you
switch only the first chiral center (in red). (There are 3 other epimers that could be drawn as long as you only swap a single chiral
center in the diastereomer that you use.)
OH OH O
HO A~
= H
OH OH

R, R R, S

? EXERCISE 5.6.4c¢

Identify if the following diastereomer of galactose is an epimer of D- galactose or L- galactose.

OH OH O
HO_ A _~
z H
OH OH
Answer
OH OH O
HO A~
z H
OH OH
SRS, S

Since the diastereomer above only varies from L-galactose by 1 chiral center, the above is an epimer in relationship to L-galactose.
Since it varies from D-galactose by 3 chiral centers, it is not an epimer but a diastereomer. Since not all of the chiral centers are
swapped, it is not an enantiomer!

? EXERCISE 5.6.5a

For the compound shown below, label each chiral center as R or S.
OH

Answer

? EXERCISE 5.6.5b
How many stereoisomers are possible for the compound in part a)?

Answer

Since there are 3 chiral centers, 23 = 8 possible stereoisomers.
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Consider the stereoisomers below.

a. Which is/are an enantiomer of i?
b. Which is/are a diastereomer of ii?
c. Which is/are an epimer of i?

Answer

a. iv is an enantiomer of i since both chiral centers are switched and they are non superimposable mirror images.
b. i & iv are diastereomers of ii since they are stereoisomers that are not mirror images.
c. ii and iii are epimers of i since they are diastereomers with only 1 chiral center switched and the other one the same.

? EXERCISE 5.6.7

Consider the 8 stereoisomers below.

OH OH OH

OH
i ii iii iv
OH : OH CLI OH
OH E)H OH OH
v Vi vii viii

a. Which is/are an enantiomer of i?
b. Which is/are a diastereomer of i?
c. Which is/are an epimer of i?

Answer

a. v is an enantiomer since all three chiral centers are switched and they are non superimposable mirror images.
b. i, iii, iv, vi, vii & viii are diastereomers of i since they are stereoisomers that are not mirror images.

This page titled 5.6: Diastereomers is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Steven Farmer, Dietmar
Kennepohl, Zachary Sharrett, Tim Soderberg, & Tim Soderberg.

e 5.6: Diastereomers by Dietmar Kennepohl, Steven Farmer, Tim Soderberg, Zachary Sharrett is licensed CC BY-SA 4.0.
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