Stereochemistry

Isomers in Organic
g
Chemistry
y
Chapter 9 in McMurry; Chapter 5 in Vollhardt

Isomers with the same constitution but which differ according to
h
how
atoms
t
are arranged
d in
i space are called
ll d ____________.

Two different compounds that have the
same molecular formula are _______.
bonding connectivity
Isomers with different _________________
are called _________ isomers.

OH

Cl

Both compounds have the same formula.
The compounds are different.
They have same bonding connectivity.
Their atoms have a different spatial relationship.
relationship
Both compounds have the same formula C3H8O.
isomers
The compounds are different.
different
They have different bonding connectivity.

OH

Cl

isomers

Classification of stereoisomers: two issues
•Timescale of interconversion
•Geometry of the structures
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Timescale Issues: Rapid Interconversion
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Molecules Differ in Configuration
Stereoisomers due to
changes
h
iin configuration
fi
ti

Stereoisomers due to
changes in conformation

Substituents on
double bonds

Bond rotation

Substituents
on rings

Ring flip

In ersion of a
Inversion
pyramidal center

Substituents
S
b tit
t on
3
sp carbon

G≠ ~ 21 kJ·mol
kJ mol-11
1/2 ~ 5x10-10 s

Cannot be interconverted without breaking a bond
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Types of Stereoisomers

Spatial Arrangement Issues
The same, or not the same?

Let’s summarize: A pair of structures
are stereoisomers if they:
• have the same atom connectivity
• are not superimposable

Stereoisomers that do not have a mirror image
relationship are known as ____________

Can you superimpose
one onto the other?

one and the same
(not stereoisomers)

Stereoisomers that have a mirror image
g
relationship are known as __________

not the same
(stereoisomers)
 same connectivity
 not superimposable
 not mirror images

diastereomers
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Classifying Stereoisomers - Example 2

Organizational Chart for Stereoisomers
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Special Properties of the Tetrahedral Geometry

Classifying Stereoisomers - Example 3

i.e., any object

Structures lacking a plane of symmetry
or a center of inversion have a special
geometric
geo
e cp
property
ope y known
o
as _______

F
H C

Cl
H
___
3 different substituents
___
1 mirror plane(s)

___
4 different substituents
___
0 mirror plane(s)

A tetrahedral carbon with 4 different
substituents is a chiral structure
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Special Properties of the Tetrahedral Geometry
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The Fischer Projection
A carbon bound to 4 different substituents is called a
_______________________________________.
chiral center, stereocenter, or asymmetric center
The Fischer projection is a shortcut way to draw chirality centers.
• Carbon chain oriented vertically
• Substituents at left and right projecting above the page

Enantiomers are chiral
molecules of opposite
“handedness” (chirality)
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Assigning Stereochemical Descriptors
to Chirality Centers

Rules for Substituent Priority Assignment
1. First look at the atoms attached directly to the
g
stereocenter; a substituent atom of higher
atomic number takes precedence over one of
lower atomic number.

The configuration of chirality centers can
be assigned using “R,S” descriptors.
1
1.

Prioritize substituents with No’s
No s 1
1-4
4 following the sequence rules
2. If decision can’t be reached by ranking the first atoms in the substituents,
look at the second, third, or fourth atoms until difference is found.

2
3

4
1
2.

Orient molecule so substituent of the lowest priority (4) is directed back

3.

Starting
g from the highest
g
priority
p
y
substituent (1) move to the second
highest (2), then to the third highest (3)

3 Multiple-bonded atoms are equivalent to
3.
the same number of single-bonded atoms.

2

Clockwise movement: ___
R
Counterclockwise movement: ___
S

1

3
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Optical Activity

Discovery of Entantiomers

Enantiomers can always be distinguished by the way they interact with

Enantiomers cannot be distinguished on the basis of their physical properties;
for example, they have the same boiling points, melting points, densities, and
many other
th properties.
ti

plane-polarized light.
Wh plane-polarized
When
l
l i d light
li ht iis passed
d th
through
h a sample
l off one off th
the
enantiomers, the plane of polarization is rotated either clockwise or
counterclockwise.

Louis Pasteur discovered that
sodium ammonium salts of
tartaric acid crystallize into right
handed and left handed forms:

When the experiment is repeated with the other enantiomer, the planepolarized light is rotated an equal amount, but in the opposite direction.
When facing the light source:
Clockwise rotation: enantiomer is dextrorotary (+)
Counterclockwise rotation: enantiomer is levorotary (-)
This interaction with light is called optical activity and enantiomers are often
called optical isomers.
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Optical rotation: a measure of
enantiomeric
ti
i composition
iti

Specific Rotation and Absolute Configuration
o
[] = specific rotation
[]t =
t = temperature in Celsius
 = wavelength of incident light (D, the sodium D line of 589 nm)
 = observed rotation

l = pathlength of sample in cm
c = concentration (g/mL of solution)


lc

A racemic mixture is a mixture of equal amounts of the (+) and (–)
enantiomers of a chiral compound.

 Specific rotation is a physical
constant for a substance, as is melting
point, boiling point, density, etc.

It shows
h
no nett rotation
t ti off plane-polarized
l
l i d lilight.
ht
When one of the two enantiomers of a chiral compound is present in a mixture in
excess over the other, there will be a net rotation of plane-polarized light.

 The specific rotation of the
enantiomer is equal in magnitude but
opposite in sign.
The absolute configuration of an enantiomer
is the actual spatial arrangement of the
substituent groups around the chiral centers
centers.
There is no straightforward correlation
between the absolute configuration of an
enantiomer and the sign of rotation of the
molecule.

A 50% enantiomer excess (e.e.) would be defined as a mixture of 75%
one enantiomer and 25% of the other (50%+ with 25%+ and 25%-).

Optical purity = e.e. =

[]observed
[]

 100% =

| [R] - [S] |
[R] + [S]
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More Diastereomers

Molecules Incorporating Multiple
St
Stereocenters:
t
Diastereomers
Di t
R

S

R

S

Fisher projections
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R

S

S

R

RRR

RRS

SSS

SSR

RSS

SRS

SRR

RSR

entantiomers
diastereomers

Di t
Diastereomers
diff att only
differ
l one chirality
hi lit center
t but
b t
.
are the same at all others are also called

Which
Whi h off the
h above
b
diastereomers
di
are epimers?
i
?
• Diastereomers are distinct molecules with different physical and chemical properties.
• They can be separated by fractional distillation, crystallization, or chromatography.
• They have different melting points, boiling points, densities, and specific rotations.

Stereoisomeric forms that are not mirror images are diastereomers
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In general, a compound having n stereocenters
can have a maximum of 2n stereoisomers
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Meso Compounds

Pseudoasymmetric Carbons
Enantiomers (chiral molecules)

CO2H

(R)

OH

HO

H

OH

H

H

H

CO2H

H

OH

H

OH

H

OH

HO

OH

H

OH

H

CO2H

(R)
OH
H

(r)

OH

CO2H

CO2H

CO2H

HO

H

H

HO

H

HO

H

HO

HO

H

H

OH
CO2H

H

(s)

CO2H

(S)

stereogenic
center
(
(pseudod
asymmetric
carbon)

OH

H

OH

H

H

OH

OH

H

CO2H

(R)

CO2H

(S)

OH

(same molecules)

CO2H

H

switch –H and
–OH at C3

CO2H
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CO2H

H

CO2H

(S)

(R)
Not
stereogenic
center
(achiral
center)

CO2H

(S)

H

HO

If a molecule contains more
than one chirality center
center, it
may or may not be chiral.
Meso compounds are
achiral molecules that have
chirality centers.

Diastereomers (meso molecules)

OH
CO2H

R > S; R,R > S,S > R,S (different molecules)
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Resolution: Separation of Enantiomers

A Summary of Stereoisomerism

Chiral chromatography can be
used to resolve racemic mixtures
without first isolating
diastereomers. In this method,
an optically active compound is
pp in a
attached to a solid support
column, and the racemic mixture
is allowed to pass through it.
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Each of the two enantiomeric
molecules in the mixture will
interact differently with the
attached chiral molecule and will
have different retention times on
the column.
4-24

Resolution: Separation of Enantiomers

Chirality in Substituted Cyclohexanes
Chiral or achiral? (look for a plane of symmetry)

a racemic
i mixture
i t
of
f a sett of
f
conformers, which are mirror
image
g pairs
p
― optically
p
y inactive
(time scale issue)

rotate 120o
Ring-flip
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Chirality at Nitrogen and Phosphorous
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Chiral Axle and Chiral Plane

Fast equilibration between enantiomers;
cannot be separated in most cases.

chiral center:

chiral axle

R1
R2

R1

H3C
N
C6H5

CH2CH CH2

R2

CH2C6H5

C
R2

1

R

R1
R2

Bulkiness of the substituents
prohibits the free rotation of
the single bond.

Enantiomers can be isolated.
isolated

C

C

R2
R1

R2
R1

R1

R2

R2

R1

chiral plane
Inversion at phosphorous is much slower than that at nitrogen;
stable chiral phosphines can be isolated.
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Stereochemistry in Reactions

Stereochemistry in Reactions
When a hydrogen
y g atom is extracted
from butane by an attacking bromine
atom, it does not matter which
hydrogen is extracted, an achiral
planar sp2 radical is formed.
As the two lobes of the p orbital are
equally susceptible to attack by
bromine, equal amounts of the two
enantiomeric products are formed in
the second step.
The formation of chiral compounds
from achiral reagents yields racemates
(optically inactive reactants yield
optically inactive products).
— a general rule

In this case, the two faces
of the radical transition
state are not mirror images
of each other, due to the
stereocenter at C2
C2.
Attack by chlorine at the
two faces of the radical will
occur at different rates
(due to steric reasons) and
the two diastereomers are
formed at different rates
and in different amounts.
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Prochirality
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Nature is “Handed”

A molecule is said to be
prochiral if it can be
converted from achiral to
chiral in a single step.

prochiral
p

chiral
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