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ChiralityChiralityyy

 A molecule is chiral if its two mirror image formsg
are not superimposable upon one another.

 A molecule is achiral if its two mirror image
forms are superimposableforms are superimposable.
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Bromochlorofluoromethane is chiralBromochlorofluoromethane is chiral

BrBr
ClCl

 It cannot beBrBr

HH
superimposed
point for point

FF
on its mirror
image.
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Bromochlorofluoromethane is chiralBromochlorofluoromethane is chiral

BrBr
ClCl ClCl

BrBrBrBr

HH HH

BrBr

FF FF

 ToTo showshow nonsuperimposability,nonsuperimposability,
rotaterotate thisthis modelmodel 180180°° aroundaround aa
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verticalvertical axisaxis..



Bromochlorofluoromethane is chiralBromochlorofluoromethane is chiral

BrBr
ClCl

ClCl
BrBr

BrBr

HH HH

FF FF
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Another lookAnother look
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EnantiomersEnantiomers

nonsuperimposable mirror images are 
called enantiomers

andand

are enantiomers with respect to each other!
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IsomersIsomers
same molecular formulasame molecular formula

constitutionalconstitutional

same molecular formulasame molecular formula

stereoisomersstereoisomersconstitutionalconstitutional
isomersisomers

Different connectivityDifferent connectivity Same Same connectivityconnectivity;;
different arrangementdifferent arrangement
of atoms in spaceof atoms in space

diastereomersdiastereomersenantiomersenantiomers
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Nonsuperimposable mirror Nonsuperimposable mirror 
imagesimages

Not enantiomersNot enantiomers



ChlorodifluoromethaneChlorodifluoromethane
is achiralis achiral
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ChlorodifluoromethaneChlorodifluoromethane
i hi li hi lis achiralis achiral

 The two structures are mirror images, but are not
enantiomers, because they can be superimposed on
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7.2. The Chirality Center7.2. The Chirality Center

 A carbon atom with four different

ww
groups attached to it

xx yyCC
 Also called:

Chiral center
A t i tzz Asymmetric center
Stereocenter
Stereogenic centerStereogenic center
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Chirality and Chirality Centers

 A molecule with a single chirality center is chiral.
 Bromochlorofluoromethane & 2-butanol are examples.

HH HH

ClCl FFCC CHCH33 CC CHCH22CHCH33

BrBr OHOH

CHCH3333

CC CHCH22CHCH22CHCH22CHCH33CHCH33CHCH22CHCH22
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Chiral alkaneChiral alkane



Examples of Molecules With 1 Chirality CenterExamples of Molecules With 1 Chirality Center

 

OHOH

Linalool, a naturally occurring chiral alcohol
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Examples of Molecules With 1 Chirality CenterExamples of Molecules With 1 Chirality Center

HH22CC CHCHCHCH33

OO
22 33

1,2-Epoxypropane:  chirality center can be part of a ring.

Attached to the chirality center are:
—H
—CH3

—OCH2
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Examples of Molecules With 1 Chirality CenterExamples of Molecules With 1 Chirality Center

 Limonene: a chirality Limonene: a chirality
center can be part of a ring. CHCH33

Attached to the

HH CC CHCH22

chirality center are:
—H

CH CH
CHCH33

22 —CH2CH2

—CH2CH=
C
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Examples of Molecules With 1 Chirality Center

CHCHCCDD

HH

CHCH33CCDD

TT D: Deuterium (D: Deuterium (22H)H)
T: Tritium (T: Tritium (33H)H)

Chiral as a result of isotopic substitution.
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7.3. Symmetry in Achiral  Structures

A molecule with a single chirality center
must be chiral.

But, a molecule with two or more chirality centers may 
be chiral or it may not (Sections 7.11-7.13).

Symmetry tests for achiral structuresSymmetry tests for achiral structures

Any molecule with a plane of symmetry
or a center of symmetry must be achiral.
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Plane of SymmetryPlane of Symmetry

A plane of symmetry bisects a molecule into twoA plane of symmetry bisects a molecule into two 
mirror image halves.  Chlorodifluoromethane 

has a plane of symmetry.
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Plane of SymmetryPlane of Symmetry

A plane of symmetry bisects a molecule into two p y y
mirror image halves.

1-Bromo-1-chloro-2-fluoroethene has a plane
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Center of SymmetryCenter of Symmetry

 A point in the center of A point in the center of
the molecule is a center of
symmetry if a line drawnsymmetry if a line drawn
from it to any element,
when extended an equalwhen extended an equal
distance in the opposite
direction, encounters an
identical element.
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7.4. Properties of Chiral Molecules:
Optical ActivityOptical Activity

 A substance is optically active if it rotates the
plane of polarized light.

 In order for a substance to exhibit optical activity,
it t b hi l d ti t bit must be chiral and one enantiomer must be
present in excess of the other.
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LightLight

 Has wave properties.
 Periodic increase and decrease in amplitude of wave.
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LightLight

 Optical activity is usually measured using light having a Optical activity is usually measured using light having a 
wavelength of 589 nm.
 This is the wavelength of the yellow light from a sodium
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 This is the wavelength of the yellow light from a sodium 
lamp and is called the D line of sodium.



Polarized lightPolarized light

 Ordinary (nonpolarized)
light consists of many
beams vibrating in different

lplanes.

 Plane-polarized light
consists of only thoseconsists of only those
beams that vibrate in the
same plane.
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Polarization of LightPolarization of Light

Nicol prismNicol prism
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Rotation of PlaneRotation of Plane--Polarized LightPolarized Light
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PolarimeterPolarimeter
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Specific Rotation [α]

 Observed rotation (α) depends on the number 
of molecules encountered and is proportional to:of molecules encountered and is proportional to:

Path length (l) and concentration (c)Path length (l), and concentration (c)

Therefore, define specific rotation [α] as:

100100  concentration = g/100 mL

, p [ ]

100 100 

clcl

concentration = g/100 mL
length in decimeters

[[]  =]  =
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Racemic Mixture

 A mixture containing equal quantities  of enantiomers g q q
is called a racemic mixture.

 A racemic mixture is optically inactive ( = 0).

 A sample that is optically inactive can be either achiral 
substance or a racemic mixture.
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Optical Purity

 An optically pure substance consists exclusively of An optically pure substance consists exclusively  of 
a single enantiomer.

Enantiomeric excess = 
% one enantiomer – % other enantiomer

% Optical purity = enantiomeric excess
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7.5. Absolute and Relative Configuration

 Relative configuration compares the arrangement
of atoms in space of one compound with those ofof atoms in space of one compound with those of
another.

until the 1950s all configurations were relativeuntil the 1950s, all configurations were relative.

 Absolute configuration is the precise arrangementg p g
of atoms in space.

We can now determine the absolute configuration of
almost any compound!
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Relative configuration

CHCH33CHCHCHCH22CHCH33

PdPd
CHCH33CHCHCHCH CHCH22 33 33

OHOH

33

OHOH

[[] + 33.2] + 33.2°° [[] + 13.5] + 13.5°°

 NoNo bondsbonds areare mademade oror brokenbroken atat thethe chiralitychirality centercenter inin thisthis
experimentexperiment.. Therefore,Therefore, whenwhen (+)(+)--33--butenbuten--22--olol andand (+)(+)--22--pp ,, ( )( ) ( )( )
butanolbutanol havehave thethe samesame signsign ofof rotation,rotation, thethe arrangementarrangement ofof
atomsatoms inin spacespace isis analogousanalogous.. TheThe twotwo havehave thethe samesame
relativerelative configurationconfiguration
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Two possibilitiesTwo possibilities
HOH HOH

H2, Pd

OHH OHH
H2, Pd

 But in the absence of additional information, we can't tell
which structure corresponds to (+)-3-buten-2-ol, and which
one to (–)-3-buten-2-ol.
 Nor can we tell which structure corresponds to (+)-2-
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butanol, and which one to (–)-2-butanol.



Absolute configurationsAbsolute configurations

HOH HOH
H2, Pd2

[+ 13 5° [+ 33 2°[+ 13.5 [+ 33.2

OHH OHH
H2, Pd

[ - 13.5 ° [ - 33.2 °

Chem 211 B. R. Kaafarani 35



Relative configurationRelative configuration

CHCH33CHCH22CHCHCHCH22BrBr
HBrHBr

CHCH33CHCH22CHCHCHCH22OHOH 33

CHCH33

33

CHCH33

[[] ] --5.85.8°° [[] + 4.0] + 4.0°°

 Not all compounds that have the same relative
configuration have the same sign of rotation. No bonds are
made or broken at the chirality center in the reaction shown,
so the relative positions of the atoms are the same. Yet the
sign of rotation changes
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sign of rotation changes.



7.6. The Cahn Ingold Prelog
R S Notational SystemR-S Notational System

The Cahn-Ingold-Prelog (CIP) Rules

1. Rank the substituents at the chirality center.
2. Orient the molecule so that lowest-ranked

substituent points away from you.

3. If the order of decreasing precedence traces
a clockwise path, the absolute configuration
is R. If the path is counterclockwise, the
configuration is S.

Chem 211 B. R. Kaafarani 37



ExampleExample

44
12

4

1 2

4

33

Order of decreasing rank:Order of decreasing rank:Order of decreasing rank:Order of decreasing rank:
1 > 2 > 3 > 41 > 2 > 3 > 4
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CIP Rules

CH3

3
(1) Higher atomic number outranks lower atomic number

H
C

Br

3

F 24 (lowest)

1 (highest)

(2) When two atoms are identical, compare the atoms
attached to them on the basis of their atomic numbers.
Precedence is established at the first point of difference.

3

—CH2CH3 outranks —CH3
C

CH2CH3

F 2

3

4 (l t)
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H3C
C

Br
1 (highest)

4 (lowest)



(3) Work outward from the point of attachment, comparing all
the atoms attached to a particular atom before proceedingp p g
further along the chain.

—CH(CH3)2 outranks —CH2CH2OH

—C(C C H) —C(C H H)C(C,C,H) C(C,H,H)

CH2CH2OH

F 2

4 (lowest)

C
Br

F

1 (highest)

2
3H3C
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1 (highest)
CH3



(4)  Evaluate substituents one by one.  Don't add atomic 
numbers within groups

—CH2OH  outranks —C(CH3)3

numbers within groups.

—C(O,H,H) —C(C,C,C)

2

C

C(CH3)3

CH3

2

3

HOH2C
C

H

3

1 (highest)
4 (lowest)
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1 (highest)



(5) An atom that is multiply bonded to another atom is
considered to be replicated as a substituent on that atom

CH=O outranks CH OH

considered to be replicated as a substituent on that atom.

—CH=O  outranks —CH2OH

—C(O O H) —C(O H H)—C(O,O,H) —C(O,H,H)

CH
1 (highest)O

HOH2C
C

H

CH3 3

4 (lowest)
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HOH2C H
2

4 (lowest)



Example

44 

12

4

1 2

4

33

Order of decreasing rank:Order of decreasing rank:
1 1  2 2  3  3  

clockwise
R

counterclockwise
S
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Enantiomers of 2-butanol

HH HH HH
CHCH33CHCH22

HH
CHCH22CHCH33

CC OHOH CCHOHO

CHCHHH33CC CHCH33

((SS)) 22 ButanolButanol ((RR)) 22 ButanolButanol((SS))--22--ButanolButanol ((RR))--22--ButanolButanol
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Very important!  Two different compounds with 
th i f t ti d t h ththe same sign of rotation need not have the same 

configuration.

Chem 211 B. R. Kaafarani 45



Chirality center in a ring

 HHHH33CC33

HH

RR

HH

——CHCH22C=C   >   C=C   >   ——CHCH22CHCH2   2   >  >  ——CHCH33 >   >   ——HH
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7.7.  Fischer Projections
 Purpose of Fischer projections is to show
configuration at chirality center without necessity of
drawing wedges and dashes or using modelsdrawing wedges and dashes or using models.

Rules for Fischer projections
H

Br Cl

F
 Arrange the molecule so that horizontal bonds at
hi lit t i t t d d ti l b d

F
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chirality center point toward you and vertical bonds
point away from you.



Rules for Fischer Projections

HHH

BrBr ClClBr Cl BrBr ClClBr Cl

FFF

 Projection of molecule on page is a cross. When
represented this way it is understood that horizontal bonds

j t t d ti l b d b k
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project outward, vertical bonds are back.



7.8. Properties of Enantiomers

 Same:
Melting point, boiling point, density, etc.

 Different:
Properties that depend on shape of molecule
(biological-physiological properties) can be different.
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Odor

CHCH33 CHCH33 

OO OO

33 CHCH33

HH33CC HH33CCCHCH22 CHCH22

(–)-Carvone
spearmint oil

(+)-Carvone
caraway seed oil
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spearmint oil caraway seed oil



Chiral ReceptorChiral Receptor
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Chiral receptor sites: chiral recognition



Chiral Drugs

 Ibuprofen is chiral, but normally sold as racemic
mixture The S enantiomer is the one responsible formixture. The S enantiomer is the one responsible for
its analgesic and antiinflammatory properties.

HH
HH CC

CHCH22CH(CHCH(CH33))22

HH33CC

CC

CC
OO

HOHO

Chem 211 B. R. Kaafarani 52

OO



7.9.The Chirality Axis   
 A diverse group of molecules are chiral but do not

contain a chirality center.contain a chirality center.

 Some of these contain a chirality axis-an axis about
which groups are arranged so that the spatialwhich groups are arranged so that the spatial
arrangement is not superimposable on its mirror image.

 Examples include substituted biphenyls and allenes: Examples include substituted biphenyls and allenes:
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 In the appropriately substituted biphenyls,
rotation around the bond joining the rings is
slowed and the enantiomers can be isolated:

 Conformational isomers that are stable, isolable 
compounds are called atropisomers.p p
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 Substituted 1,1’-binaphthyl derivatives exhibit
atropisomerism due to hindered rotation about the
single bond that connects the two naphthalene rings.

 An example is (S)-(-)-BINAP shown below and
discussed further in Chapter 14.
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BINAP is an abbreviation for 2,2’-bis(diphenylphosphino)-1,1’-binapthyl



7.10. Reactions That Create a 7.10. Reactions That Create a ChiralityChirality
C tC tCenterCenter

 It is important to recognize, however, that if all of
the components of the starting state (reactants,
catalysts solvents etc ) are achiral any chiralcatalysts, solvents, etc.) are achiral, any chiral
product will be formed as a racemic mixture.

 This generalization can be more simply stated as
"Optically inactive starting materials can't give
optically active products" (Remember: In order for aoptically active products (Remember: In order for a
substance to be optically active, it must be chiral and
one enantiomer must be present in greater amounts
th th th )
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than the other.)



ExampleExample

OO

CHCH33CHCH CHCH22

CHCH33COOHCOOH
HH33CC CHCH22CC

HH

CHCH33CHCH CHCH22 HH33CC

OO

CHCH22CC

Chiral, but racemicChiral, but racemicAchiralAchiral

Prochiral structural unitProchiral structural unit
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Epoxidation from this 
direction gives R epoxidedirection gives R epoxide

RR50%50% RR50%50%

SS
50%50%

Epoxidation from this 
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direction gives S epoxide



Top and bottom faces: 
Prochiral facesProchiral faces

RR50%50% RR50%50%

SS
50%50%

Relationship between the 
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two faces: Enantiotopic



ExampleExample

BB HH OO
CHCH33CHCH CHCH22

BrBr22, H, H22OO
CHCH33CHCHCHCH22BrBr

Chi l b t iChi l b t i

OHOH

Chiral, but racemicChiral, but racemicAchiralAchiral
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ExampleExample

HBHB
CHCH33CHCH CHCHCHCH33

HBrHBr
CHCH33CHCHCHCH22CHCH33

BrBr

Chiral, but racemicChiral, but racemicAchiralAchiral
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Many reactions convert chiral
t t t hi l d treactants to chiral products

 However, if the reactant is racemic, the
product will be racemic also.

 Remember: "Optically inactive startingp y g
materials can't give optically active products."
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ExampleExampleExampleExample

HBrHBr
CHCH33CHCHCHCH22CHCH33 CHCH33CHCHCHCH22CHCH33

** **

OHOH BrBr

ChiralChiral, but , but racemicracemicChiral, but racemicChiral, but racemic
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Many biochemical reactions convertMany biochemical reactions convert
an achiral reactant to a singlean achiral reactant to a single
enantiomer of a chiral productenantiomer of a chiral product

 The enzyme (catalyst) is part of the reacting
system, so such reactions don't violate the
generalization that "Optically inactive starting
materials can't give optically active products”.
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ExampleExampleExampleExample

HOHO CC HH
HH

ff

HH22OO
CC CC

HOHO22CC HH

CC OHOH

HOHO22CC

fumarasefumaraseCC CC

COCO22HHHH HOHO22CCHCCH22

Fumaric acidFumaric acid ((SS))--((––))--Malic acidMalic acid

AchiralAchiral Single enantiomerSingle enantiomer
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7.11. Chiral Molecules with
Two Chirality CentersTwo Chirality Centers

How many stereoisomers when a 
ti l l l t i tparticular molecule contains two 

chirality centers?
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2,32,3--Dihydroxybutanoic acidDihydroxybutanoic acid

OO
2233

CHCH33CHCHCOHCHCHCOH
2233

What are all the possible R and S combinations of the

HOHO OHOH

What are all the possible R and S combinations of the 
two chirality centers in this molecule?

CarbonCarbon--22 RR RR SS SS
CarbonCarbon--33 RR SS RR SS

4 Combinations = 4 Combinations = 
4 Stereoisomers4 Stereoisomers
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What is the relationship between these stereoisomers?



2,32,3--Dihydroxybutanoic acidDihydroxybutanoic acid

OO

CHCH33CHCHCOHCHCHCOH
2233

HOHO OHOH

Enantiomers: 2Enantiomers: 2RR,3,3RR and 2and 2SS,3,3SS
22RR,3,3SS and 2and 2SS,3,3RR

CarbonCarbon--22 RR RR SS SS
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CarbonCarbon--33 RR SS RR SS



IsomersIsomers

C tit ti lC tit ti l StereoisomersStereoisomersConstitutionalConstitutional
isomersisomers

DiastereomersDiastereomersEnantiomersEnantiomers
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C O 2 H

R

C O 2 H

S[[αα] = + 9.5] = + 9.5°°
H O H

R

H O H

S[[ ]]

[[αα] = ] = -- 9.59.5°°
O HH

R

HH O

SEnantiomersEnantiomers
C H 3 C H 3

C O 2 H C O 2 H

EnantiomersEnantiomers

H O H

2

R

H O H

2

S
[[αα] = ] = -- 17.817.8°°

HH O O HH[[αα] = + 17.8] = + 17.8°°
EnantiomersEnantiomers
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S

C H 3

R
[[αα]   17.8]   17.8



2,32,3--Dihydroxybutanoic acidDihydroxybutanoic acid

OO

CHCH33CHCHCOHCHCHCOH
2233

HOHO OHOH
 But not all relationships are enantiomericBut not all relationships are enantiomeric But not all relationships are enantiomeric.But not all relationships are enantiomeric.
 Stereoisomers that are not enantiomers are tereoisomers that are not enantiomers are 
diastereomersdiastereomers

CarbonCarbon--22 RR RR SS SS

diastereomers.diastereomers.
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CarbonCarbon--33 RR SS RR SS



C O 2 H

R

C O 2 H

S[[αα] = + 9.5] = + 9.5°°
H O H

R

H O H

S[[ ]]

[[αα] = ] = -- 9.59.5°°
O HH

R

HH O

SEnantiomersEnantiomers
C H 3 C H 3

C O 2 H C O 2 H

EnantiomersEnantiomers

DiastereomersDiastereomers

H O H

2

R

H O H

2

S
[[αα] = ] = -- 17.817.8°°

HH O O HH[[αα] = + 17.8] = + 17.8°°
EnantiomersEnantiomers
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S

C H 3

R
[[αα]   17.8]   17.8



Fischer ProjectionsFischer Projections

COCO HHCOCO22HH Recall for Fischer
projection: horizontal bonds
point toward you; verticalpoint toward you; vertical
bonds point away.

CHCH

 Staggered conformation
does not have correct

CHCH33orientation of bonds for
Fischer projection.
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Fischer projectionsFischer projections

 Transform molecule to eclipsed conformation in 
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order to construct Fischer projection



Fischer projections Fischer projections p jp j

COCO HHCOCO22HH

OHOHOHOH

OHOH

HH

HH

CHCH

OHOHHH

CHCH33
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Erythro and Threoy

 St h i l fi d t if Stereochemical prefixes used to specify 
relative configuration in molecules with two 
hi lit tchirality centers.

 Easiest to apply using Fischer projections.

 Orientation:  vertical carbon chain.
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Erythro
When carbon chain is vertical, same (or analogous) 
substituents on same side of Fischer projection

COCO22HH COCO22HH

p j

22

OHOHHH

22

HHHOHOOHOH

OHOH

HH

HH

HH

HH

HOHO

HOHO

CHCH33––9.59.5°° +9.5+9.5°°CHCH33
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Threo
When carbon chain is vertical, same (or analogous) 
substituents on opposite sides of Fischer projection.

COCO HHCOCO HH COCO22HH

HHHOHO

COCO22HH

OHOHHH

OHOH

HH

HH

HOHOOHOHHH

HHHOHO

+17 8+17 8°° 17 817 8°°

OHOH

CHCH

HH

CHCH

HHHOHO
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+17.8+17.8 ––17.817.8CHCH33CHCH33



H2N H H NH2

H3C
CH3

HHO

H3C
CH3

HHOHHO HHO

(2R,3R)-3-Amino-2-butanol (2R,3S)-3-Amino-2-butanol
Liquid Solid, mp = 49  C°

Name the following:Name the following:

H

CH3

H3C

H3C

H3C
CH3
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HH3CH2C



Two chirality centers in a ring

SS SSRR RR

trans-1-Bromo-1-chlorocyclopropane
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Nonsuperimposable mirror images;  enantiomers.



Two chirality centers in a ring

SS RRSS RR

Nonsuperimposable mirror images; enantiomers.

cis-1-Bromo-2-chlorocyclopropane
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Nonsuperimposable mirror images;  enantiomers.



Two chirality centers in a ring

SS SSSS SS
SS RR

cis-1-Bromo-2-chloro- trans-1-Bromo-2-chloro-

Stereoisomers that are not

c s o o c o o
cyclopropane

t a s o o c o o
cyclopropane
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Stereoisomers that are not
enantiomers;  diastereomers



7.12. Achiral Molecules
with Two Chirality Centerswith Two Chirality Centers

It is possible for a molecule to have chirality 
centers yet be achiral!?

Chem 211 B. R. Kaafarani 83



2,3-Butanediol

3322
CHCH33CHCHCHCHCHCH33

3322

HOHO OHOH

 Consider a molecule with two equivalently
substituted chirality centers such as 2,3-y ,
butanediol.
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Three stereoisomers of 2,3-butanediol

22RR,3,3RR 22SS,3,3SS 22RR,3,3SS
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chiral chiral achiral



Three stereoisomers of 2,3-butanediol,

CHCHCHCH CHCHCHCH33

OHOHHH

CHCH33

HHHOHO HH

CHCH33

OHOHOHOHHH

HHHOHOHH OHOH

HHHOHO HH OHOH

OHOHHH

CHCH33

HH

CHCH33 CHCH33

HH

22RR,3,3RR 22SS,3,3SS 22RR,3,3SS

CHCH33CHCH33 CHCH33
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Three stereoisomers of 2,3-butanediol

These two are
enantiomers

22RR,3,3RR 22SS,3,3SS
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chiral chiral



Three stereoisomers of 2,3-butanediol,

CHCHCHCH CHCH33

OHOHHH

CHCH33

HHHOHO OHOHHH

HHHOHOHH OHOH

HHHOHO
These two are
enantiomers

CHCH33

HH

CHCH33

enantiomers

22RR,3,3RR 22SS,3,3SS

CHCH33CHCH33
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chiralchiral chiral



Three stereoisomers of 2,3-butanediol

 The third structure is The third structure is
superimposable on its

i imirror image.

22RR,3,3SS
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Three stereoisomers of 2,3-butanediol

 Therefore, this
structure and its mirror
image are the same.

 It is called a meso
form.o

 A meso form is

22RR,3,3SS
achiral molecule that
has chirality centers.
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achiral



Three stereoisomers of 2,3-butanediol

CHCH33CHCH33  Therefore, this
structure and its mirror

HH OHOHHHHOHO

structure and its mirror
image are the same.

OHOHHHHHHOHO  It is called a meso
form.

CHCH33CHCH33  A meso form is

22RR,3,3SS

hi l

achiral molecule that
has chirality centers.
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achiral



Three stereoisomers of 2,3-butanediol

 Meso forms have a plane of Meso forms have a plane of 
symmetry and/or a center of 
symmetry.y y

 Plane of symmetry is most 
common case.

 T h lf f l l i i

22RR,3,3SS

 Top half of molecule is mirror 
image of bottom half.
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achiralachiral



Three stereoisomers of 2,3-butanediol

CHCH33CHCH33
 A line dra n

HH OHOHHHHOHO

 A line drawn
in the center of
the Fischer

OHOHHHHHHOHO
the Fischer
projection of a
meso form

CHCH33CHCH33

meso form
bisects it into
two mirror-

22RR,3,3SS

hi l

image halves.

Chem 211 B. R. Kaafarani 93

achiral



Cyclic compounds

RRRR
SS RR

chiralchiralmesomeso

 There are three stereoisomers of 1,2-dichloro-
cyclopropane; the achiral (meso) cis isomer
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and two enantiomers of the trans isomer.



H t i ?

7.13. Molecules with Multiple Chirality Centers

 M i b f t i 2n

How many stereoisomers?

 Maximum number of stereoisomers = 2n.

where n = number of structural units capable of p
stereochemical variation.

 Structural units include chirality centers and cis
and/or trans double bonds.

 Number is reduced to less than 2n if meso forms 
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are possible.



Example

OO

HOCHHOCH22CCHH——CCHH——CCHH——CCHCHHCH

4 chirality centers

OHOH OHOH OHOH OHOH

4 chirality centers
16 stereoisomers
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CholicCholic acid (Figure acid (Figure 7.11)7.11)
 

HOHO H
CH CH CO H

CH3

CH

HHHH33CC

CH2CH2CO2HCH3

HH

33

HH  11 chirality centers 211 = 2048

HOHO OHOH

HH

HH

HH  11 chirality centers 211 = 2048
stereoisomers.

 One is "natural" cholic acid;HH ;
another is the enantiomer of
natural cholic acid.
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 2046 are diastereomers of
cholic acid.



How many stereoisomers?

33--PentenPenten--22--olol

EE RR EE SS
 

HOHO HH HH OHOH

ZZ RR SSZZ

HHOO

ZZ RR

HH OHOH

SSZZ
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HHHOHO HH OHOH



7.14  
Reactions That 

Produce Diastereomers
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Stereochemistry of Addition to Alkenes

CC CC ++ EE——YY CC CCEE YY

 In order to understand stereochemistry of product, you 
need to know two things:

(1) stereochemistry of alkene (cis or trans; Z or E).
(2) stereochemistry of mechanism (syn or anti).
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Bromine Addition to trans-2-Butene

BrBr
SS RR

BrBr22

RR SS

meso
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Anti addition to trans-2-butene gives a meso form.



Bromine Addition to cis-2-Butene

BrBr22

RR SS
22

RR SS++

50% 50%
 Anti addition to cis-2-butene gives racemic mixture of 
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g
chiral enantiomers.



Epoxidation of trans-2-Butene
Problem 7 20Problem 7.20

RCORCO HH
RR SS

RCORCO33HH

RR
SS

++

SS

 syn addition to trans 2 butene gives racemic mixture of
50% 50%
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 syn addition to trans-2-butene gives racemic mixture of 
chiral enantiomers.



Epoxidation of cis-2-Butene
Problem 7 20Problem 7.20

SS RR

RCORCO HHRCORCO33HH

RR SS

 syn addition to cis 2 butene gives a meso form
meso
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 syn addition to cis-2-butene gives a meso form.



Stereospecific Reaction

 Of two stereoisomers of a particular startingp g
material, each one gives different stereoisomeric forms
of the productof the product.

 Related to mechanism: terms such as syn addition Related to mechanism: terms such as syn addition
and anti addition refer to stereospecificity.
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cis-2-butene bromination anti 2R 3R + 2S 3Scis 2 butene bromination anti 2R,3R + 2S,3S

trans-2-butene bromination anti meso

Stereospecific reaction

cis-2-butene epoxidation syn meso

trans-2-butene epoxidation syn 2R,3R + 2S,3S
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Stereoselective Reaction

 A single starting material can give two or more
stereoisomeric products, but gives one of themp , g
in greater amounts than any other.

HH HH HH

++
CHCH33 CHCH33 CHCH33

HH22

CHCH33

CHCH22
CHCH33

HH
HHPtPt

Chem 211 B. R. Kaafarani 107

68%68% 32%32%



HH HH HH

++
CHCH33 CHCH33 CHCH33HH22

++
CHCH22

CHCH33

HH CHCH33

HHPtPt

68%68% 32%32%
33

CH3

H* Prochiral facesH Prochiral faces

Diastereotopic
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7 157.15  
Resolution of Enantiomers

 Separation of a racemic mixture into its two 
enantiomeric forms.
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Strategy

Enantiomers
C(+)C(+)

C(+)C(+) C(C(--)) P(+)

2P(+) C(+)C(+)P(+)

C(C(--))P(+)

C(+)C(+)P(+) C(C(--))P(+) P(+)
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Diastereomers C(C(--))



7 167.16
Stereoregular Polymers

Atactic
Isotactic

Syndiotactic
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Atactic Polypropylene

 Random stereochemistry of methyl groups attached 
to main chain (stereorandom).( )

 Properties not very useful for fibers etc.

 Formed by free-radical polymerization
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 Formed by free-radical polymerization.



Isotactic Polypropylene

 Stereoregular polymer; all methyl groups ong p y ; y g p
same side of main chain.

 Useful properties. Useful properties.

 Prepared by coordination polymerization under
Ziegler-Natta conditions
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Ziegler-Natta conditions.



Syndiotactic Polypropylene

 Stereoregular polymer; methyl groups alternate Stereoregular polymer; methyl groups alternate
side-to-side on main chain.

 Useful properties Useful properties.

 Prepared by coordination polymerization under
Ziegler Natta conditions
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Ziegler-Natta conditions.



7.17. Stereogenic Centers Other Than 
Carbon

SiliconSilicon

Carbon

 

S coS co

aa
bb

aa
bb

SiSi SiSidd dd

cc cc

 Silicon, like carbon, forms four bonds in its stable
compounds and many chiral silicon compounds
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have been resolved.



Nitrogen in Aminest oge es

bb bb 

aa
bb

aa
bb

very fastvery fast

NN NN:: ::

 Pyramidal geometry at nitrogen can produce a chiral

cc cc

y g y g
structure, but enantiomers equilibrate too rapidly to
be resolved.
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Phosphorus in phosphines

 bb bb

PP PP:: ::
aa aaslowslow

PP PP:: ::

cc cc

 Pyramidal geometry at phosphorus can produce a
chiral structure; pyramidal inversion slower than for
amines and compounds of the type shown have been

l d
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resolved.



Sulfur in Sulfoxides

 bb bb

SS SS:: ::
aa aaslowslow

++ ++

O_O_ O_O_

 Pyramidal geometry at sulfur can produce a chiraly a da geo e y a su u ca p oduce a c a
structure; pyramidal inversion is slow and compounds
of the type shown have been resolved.
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Assigned ProblemsAssigned Problems

7.26-7.35, 7.40-7.42
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