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BLOCK INTRODUCTION

This is the second block of the Organic Chemistry (MCH-012) course of the 1 semester of
the M.Sc. Chemistry Programme. In the 1% Block of Stereochemistry-1. You have already
studied about the basic aspects of stereochemistry including the conformations and
stereochemistry of some complex systems.

In this block, you will study about some more aspects of stereochemistry. This block has four
Units i.e., Units 5 to Unit 8.

Unit 5, we will be dealing with “configuration and its correlation”. The Unit will begin with a
discussion on the representation of configuration and the D, L, R, S and E, Z nomenclatures
will be explained. This will be followed by a description on various methods of determination
of configuration such as chemical correlation and method of quasiracemates.

Unit 6, is based on “topicity and prostereoisomerism”. Here, the topicity of ligands and faces
will be discussed along with their nomenclature. The concepts stereogenecity and
chirogenecity will be then dealt with. This will be followed by a discussion on
pseudoasymmetry. Finally, we will describe stereogenic and prochiral centres.

Unit 7, on “asymmetric induction” describes is Cram’s, Prelog’s and Falkin-Ahn Models in the
beginning. Then, the dynamic stereochemistry of acyclic and cyclic systems will be
discussed. After that qualitative correlation between conformation and reactivity will be
illustrated. Finally, Curtin-Hammett Principle will be explained.

Unit 8, on “molecular dissymmetry and chiroptical properties deals with many interesting
aspects such as linear and circularly polarised lights circular bireferingence and circular
dichroism. After their description ORD and CD curves will be explained alongwith the cotton
effect. This will be followed by a description of the axial halokteone rule. You will also study
about octant diagrams. Then, helicity and Lowe’s rule will be discussed. Finally, some
applications of ORD and CD to the structural and stereochemical problems will be illustrated.

Expected Learning Outcomes

After studying the units of this block, you should be able to:

« discuss various ways of representation of configuration and explain different methods of
its determination;

« explain topicity of ligands and faces and described the concepts of stereogenecity,
chirogenecity, pseudoasymmetry and stereogenic and prochiral centres;

% describe Crams’s Prelog’s and Felkin-Ahn Models and dynamic stereochemistry of
acyclic and cyclic systems;

% make qualitative and coorelation between conformation and reactivity;
«+ discuss ORD and CD curves and Cotton effect; and

% describe axial heloketone and Lowe’s rule and give applications of ORD and CD to
structural and stereochemical problems.






. UNIT 5

CONFIGURATION AND ITS
CORELATION

Structure

5.1 Introduction 5.3 Determination of Configuration:
Expected Learning Outcomes Different Methods

5.2 Representation of Configuration: Chemical Correlation
E,ZandD, L, R,S .
Nomenclature The Method of Quasi-racemates
E/Z Nomenclature for Geometrical 54  Summary
Isomers 5.5 Terminal Questions
Configuration and Fischer 56 Answers

Projection Formulae

Configurational Notations for
Optical Isomers

5.1 INTRODUCTION

This is the first unit of this block and it deals with configuration and its
correlation. You already know that the configuration refers to the
arrangements of different atoms or groups attached to a rigid part or fixed
framework of a molecule. Thus, it could be an asymmetric centre in a molecule
or a double bond or a cyclic structure around which the arrangement of the
groups can be specified.

We will begin this unit by briefly discussing different ways of representation of
configuration by using E/Z, D/L and R/S nomenclature. Though, you have
already studied about them in your previous classes but few examples would
refresh your knowledge about these methods.

In addition, you will also study about the determination of configuration using
different methods. We would keep our discussion limited to the methods of
chemical correlation and quasi-racemates. Thus, it would be interesting to
study how to correlate and determine the configuration of a given sterecisomer

to the configuration of the other compound of known configuration.
109
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Expected Learning Outcomes

After studying this unit, you should be able to:

% explain different ways of assigning configuration i.e., E/Z, D/L and R/S to
a given compound/stereoisomer;

«»+ assign the configuration as E/Z or R/S to a given sterecisomer according
to the designated set of rules;

+»+ discuss the method of chemical correlation for determination of
configuration;

« explain the method of quasi-racemates of determination of configuration;
and

«+ arive at the configuration of a given compound on the basis of the above
mentioned methods.

5.2 REPRESENTATION OF CONFIGURATION:
E,Z AND D, L; R,S NOMENCLATURE

Although the Cahn-
Ingold-Prelog
sequence rules and
the E/Z system have
been sanctioned by
IUPAC, use of
cis—trans
nomenclature, in the
cases where it can be
used unambiguously,
is allowed by IUPAC.

110

You already know that cis—, frans— or geometrical isomers are the isomers of
the type baC=Cab. But, in the molecules of the type as given below,

a\ /b a\ /b
c=¢cC or c=cC

/ AN / AN

a b a d

where the carbon atoms forming the double bond carry identical substituents,
such an isomerism is not possible.

Let us now see what happens when all the four substituents around the double
bond are different. For such a case, the following different arrangements of the
groups are possible,

SN NN
c—==C or /C — C\
b/ \y b X

The question that immediately arises is how to differentiate these two
compounds? Can you designate them as cis— or trans—? The answer is No
because the cis—, frans—nomenclature does not provide clear guidelines about
how to designate these isomers.

To designate such isomers, an unambiguous system of nomenclature called
E/Z system is used. This system of nomenclature is based on the sequence
rules developed by Cahn, Ingold and Prelog and is discussed below.

5.2.1 E/Z Nomenclature for Geometrical Isomers

In this system, each of the two groups attached to same carbon atom of the
double bond is assigned priority according to the sequence rules. This is done



Unit 5

Configuration and Its Corelation

for both the carbon atoms forming the double bond. If the groups of higher
priority are on opposite sides of the double bond, then the isomer is said to

have E configuration. Otherwise, when the groups having higher priority are on

the same side of the double bond, then the isomer is known as Z isomer. The
letters E and Z are derived from the German words entgegen meaning
opposite and zusammen meaning together. Thus, we can say that,

higher lower higher higher
priority\ /priority priority\ /prlorlty
c=cC /C:C\
lower 4 \higher lower lower
priority priority priority priority
E isomer Z isomer

Let us now study the sequence rules given by Cahn, Ingold and Prelog.

Cahn-Ingold-Prelog Rules

These rules are explained below:

1.

Atoms of the higher atomic number have higher priority. For example,
oxygen (At. No. 8) has higher priority than carbon (At. No. 6) which in turn
has higher priority than hydrogen (At. No. 1).

When the priority is to be decided between the atoms which are isotopes
of the same element, then the isotope of higher atomic mass has higher
priority.

Thus, deuterium (21H), an isotope of hydrogen has higher priority than
hydrogen (]H).

When the two groups attached to the carbon atom involved in the
formation of double bond have the same atoms as points of attachment,
then the priorities are assigned according to the first point of difference,
applying the same considerations of atomic number and atomic mass as
given above in Rules 1 and 2.

To understand this, consider that the two groups attached to the carbon
atom involved in the formation of double bond are ethyl and propyl
groups, as shown below:
1 2
/CHZCH3
c=C
AN

CH,CH,CH,
1 2 3

/

Here, both these groups are attached to the carbon atom forming the
double bond by carbon atoms. To decide which of the two groups will
have higher priority, look at the substituents on C—1 carbon atoms of the
ethyl and propyl groups. You will find that in both the groups, two
hydrogens are attached to the C—1 carbon atom. Let us move to the next
carbon, C-2.

111
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In case of the ethyl group, there are three hydrogens attached to C-2
carbon while the propyl group has two hydrogens and one carbon
attached to the C-2 carbon. Clearly, then this is the first point of difference
where the C-2 carbon of propyl group has the substituents C, H, H while
that of the ethyl group has the substituents H, H, H. Hence, the propyl
group has higher priority than the ethyl group.

4. When we come across double or triple bonds while assigning the
priorities, then these groups are visualised in such a way that the bonded
atoms are duplicated or triplicated as the case may be. For example, in
the group —-HC=CH,, a carbon atom attached to another carbon atom by a
double bond is considered to be bonded to two carbon atoms. Thus, this
group can be regarded as follows:

-+
C C

ﬁ s

Similarly, the — C—H group is treated as equivalent to — C—0O

|
O—H

This is a kind of expansion of the groups attached to a multiple (double)
bond in such a way that each atom is shown as linked to the other atom
by a single bond. Thus, to write for the group shown below,

12
—C=CH

first expand at C—1 carbon which has all the three bonds linked to the
carbon atom numbered as C-2. Thus, C-1 is to be shown as if it is linked
to three carbon atoms like this,

C
1 | 2
—c—cH
C

Now, repeat the same for the C-2 carbon, which is expanded in such a
way that it is shown to be linked to three carbon atoms. This is shown

below:
&
1 2
RO
c C

The above is the equivalent form of -C=CH group which should be
considered for assigning the priority.

Thus, —C=CH group has higher priority than -HC=CH, group because in
112 the expanded form of —C=CH group, carbon atom shown by number 1
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has two carbon atoms linked to it whereas in -HC=CH, group, carbon
atom shown by number 1 has only one carbon atom linked to it in the
expanded form.

In the guidelines provided by these sequence rules, some commonly
occurring groups can be arranged in the decreasing order of their priority
as follows:

o) o)
I->Br->Cl->HS->F-> CH:}')—O— >HC-O-> CH,CH,O->
o) (ﬁ o) o)
HO->H,N-> CH3OC”)— >HOC-> CHsg— > H—g— >HOCH,- >

(CH,),C-> CH,=CH-> (CH,),CH- > CH,CH,~ > CH,—>H

Let us now study some examples which illustrate how a given compound
is designated as E or Z, using the above sequence rules.

Example 1:
higher priority higher priority
CH CH,CH
R
AN
H CH,
lower priority lower priority

In this compound, groups of higher priority are on same sides of the
double bond; hence, it is the (Z)-isomer.

Example 2:
lower priority higher priority
H Cl
N /
c=cC
CH3/ \H
higher priority lower priority

In this case, groups of higher priority are on opposite sides of the double
bond; hence, it is the (E)-isomer

Similarly, the isomer shown below,
higher priority lower priority
B /
C= C\
Cl CH

lower priority s higher priority

is (E)-isomer and can be named as (E)-1-bromo—1-chloropropene. 113
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Emil Fischer
(Recived Nobel Prize in
1902)

A Fischer projection
formula is a standard
way of depicting
tetrahedral carbon
atoms and their
substituents in two
dimensions.
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And, the isomer shown below:

higher priority higher priority
CH3\ /CHZOH
AN
H CH,
lower priority lower priority

is (Z)—isomer and can be named as (Z)-2—-methylbut-2—enol.

$AQ1

Assign the configuration as E or Z to the following compounds:

CH,CH, CH, Br CH,Br
N S NS

i) /C:C\ i) /C:C\
H CH,CH, Cl CH,

5.2.2 Configuration and Fischer Projection Formulae

The term configuration was used above for geometrical isomers to indicate the
spatial arrangement of groups around a rigid framework. Similarly, the term
configuration as applied to optical isomers indicates the spatial arrangement of
atoms or groups around the chiral centre.

You know that the actual molecules are three-dimensional in nature. So, the
spatial arrangement of groups in a molecule, i.e. its configuration, can be
specified either by making its three-dimensional model or by writing the
corresponding projection formulas. Also, to specify the configuration of a
molecule having several chiral centres, the configuration at each chiral centre
needs to be specified.

This specification of configuration for a molecule becomes more and more
difficult as the number of chiral centres goes on increasing. Thus, a need was
felt for a convention to represent the actual three-dimensional structure of
molecules in two dimensions, (i.e. in the plane of the paper) in a simple and
convenient way. The German chemist Fischer introduced such a convention.
He called his representations as projection formulas. These representations
are now known after his name as Fischer projection formulae as shown in
Fig. 5.1.

plane ot projection

Fischer
projection formula

Plane containing
a) methyl and ethyl
groups

b) Plane containing  ¢) d)
hydrogen atom
and hydroxyl group

Fig. 5.1: Writing Fischer projection formula for a molecule: a) perspective drawing
of a molecule having one chiral carbon atom; b) two substituents each in
horizontal and vertical planes at right angles to each other;

c) representation of molecule in plane of paper; and d) the Fischer
projection formula.
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5.2.3 Configurational Notations for Optical Isomers

The existence of enantiomers poses special problem of their nomenclature. As
the enantiomers differ from each other in their direction of rotation, prefixes d
and / were used earlier to designate the dextrorotatory and levorotatory
isomers, respectively. But, it was realised that the sign of rotation does not tell
about the absolute configuration of the compound. Thus, to describe the
structure of a compound completely, it was necessary to specify the
configuration at each chiral centre.

I. D, L System of Nomenclature

One of the earliest attempts to specify the configuration is that of Fischer
which dates back to 1891. According to this system, the configuration at a
particular carbon atom is designated by selecting a main chain in the molecule
in the sense of the rules which are used for nomenclature. The molecule is
then oriented vertically in such a way that the carbon atom numbered 1 in the
chain is at the top. Then, the main substituent attached to the chiral centre is
looked for. For example, in glyceraldehyde, it is an — OH group. If in the
Fischer projections of the compound the main substituent group is on the
right, then the molecule is said to have D configuration and when this main
substituent is on the left, then the molecule is said to have L configuration.

Rosanoff (1906) suggested that a particular configuration be assigned to
(+)-glyceraldehyde. The Fischer projection corresponding to this configuration
is given below.

1CHO

H—2— OH
3CH,OH

Thus, according to this system of designation of configuration as D or L, the
carbon chain in (+)-glyceraldehyde can be numbered and oriented as shown
above. Here, the substituent on the chiral centre is hydroxyl (-OH) group.
Since, it is on the right side, hence, (+)-glyceraldehyde has D configuration.
Similarly, the enantiomer of (+)-glyceraldehyde i.e., (-)-glyceraldehyde will
have L configuration. Thus, we can designate the two enantiomers as
D-(+)-glyceraldehyde and L-(-)-glyceraldehyde.

Also, all compounds having an arrangement of atoms similar to that at the
chiral centre of (+)-glyceraldehyde at the corresponding carbon atom are
members of the D family. Similarly, we can state for the L family. Some
examples of compounds belonging to D and L families are shown below.

D-family
CHO COOH COOH CHO
HO———H H———OH
[H—+—o0H| |H—]—oH]|
H————OH| HO—H
CH,OH CH,
COOH H————OH
D-(+)-glyceraldehyle D-(—)-lactic acid D-(-)-tartaric acid H—1+— OH
CH,OH

D-(+)-glucose

Do not confuse d and
/with D and L. The
lower-case d and /
were used in many
places in older
literature to specify
the direction of
rotation
(synonymously with
‘“+’ and

‘). ButD and L are
used to specify the
configuration at the
chiral centre.

main
‘ substituent

CH,OH
glyceraldehyde
There is also a
convention that the
longest carbon chain
forms the vertical
back bone of the
Fischer projections
with the most highly
oxidised carbon (if
any) at the top; and
then the substituents
are projected
horizontally.

The D, L system is
useful in specifying
the configurations for
carbohydrates and
amino acids.

115
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L-family
CHO COOH COOH COO~
H———— OH g
l[HO—+—H | |HO—F—H| [HaN H|
[HO—F—H |
CH,OH CH, CH,
COOH

L-(-)-glyceraldehyle L-(+)-lactic acid L-(-)-tartaric acid L-(+)-alanine

The D, L system can be applied only when the main chain and the main
substituents can be unambiguously chosen; hence, in some cases, it is not
possible to assign the configuration by this system. For example, the
molecules of the type cannot be assigned configuration according to this
system.

(‘DI
F—(‘D—H
Br

Also, there are cases when it is difficult to assign the configuration
unambiguously to the molecules containing more than one chiral centre.

Thus, a more systematic way of denoting configurations was needed. The
system that emerged is called the R, S convention and is discussed below.

Il. RIS System

The R/S system of designating configuration is based on the actual three-
dimensional formula of the compound to be named. In this system, the
configuration at the chiral centre is assigned by assigning the order of
precedence to the groups attached to the chiral centre according to the
specific set of rules.

These rules have been already listed above as Cahn-Ingold-Prelog priority
rules in. According to this system, the configuration of a given chiral centre can
be assigned using the following steps:

1. Identify the four substituents attached to the carbon atom for which the
configuration is to be assigned.

2. Arrange these substituents in the decreasing order of priority as
1> 2> 3> 4 which is determined by Cahn-Ingold-Prelog rules.

3. View the molecule in such a way that the substituent of lowest priority is
away from observer, see Fig. 5.2.

£,

(4)

¥ |
Substituent of lowest

priority away from
observer

116 Fia. 5.2: Viewing of the molecule.
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4. When the molecule is viewed in the way as suggested in step 3, the
remaining substituents 1, 2 and 3 appear as spokes of a wheel, with the
carbon atom at the centre of the wheel, as shown below as shown in
Fig. 5.3.

Clockwise;
therefore R

Fig. 5.3: View of the molecule with substituent of least priority at the back and
configuration determination thereof.

Now, trace a path starting from the substituent of highest priority to the
substituent next in order of priority, i.e., from 1 to 2 to 3. If this path is in
clockwise direction, as in the case of arrangement shown above, then the
chiral centre is said to have the R configuration (R from rectus, a Latin word
meaning: right).

If this path from 1 to 2 to 3 has an anticlockwise direction, then the chiral
centre is said to have the S configuration (S from sinister, a Latin word
meaning: left), see Fig. 5.4 given below:

Anticlockwise, therefore; S

Fig. 5.4: Arrangement of substituents and configuration determination.

Since, the assignment of R or S configuration to the molecule requires a
specific orientation of the molecule in space , you should be able to write the
three-dimensional orientation of a molecule from its Fischer projections and
vice-versa.

Let us now take the example of D-(+)-glyceraldehyde and see how the
configuration at the chiral centre of a molecule can be assigned starting from
its Fischer projection. The Fischer projection formula of D-(+)-glyceraldehyde
can be written as follows:

117
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With the
determination of
absolute configuration
of (+)-tartaric acid, the
absolute configuration
of its enantiomer
(—)-tartaric acid was
also established. The
(—)-tartaric acid and
(+)-glyceraldehyde
were known to have
the same relative
configuration. Thus,
the absolute
configuration of
(+)-glyceraldehyde
was also established;
and the configuration
assigned earlier to
(+)-glyceraldehyde
arbitrarily was found
to be correct.
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The four substituents attached to the chiral centre have the order or priorities
as shown by the numbers 1>2>3>4. Now, the molecule is to be viewed in such
a way that the substituent of lowest priority i.e. having number 4 in the priority,
which is a hydrogen in this case, is away from the viewer. In other words, in
the Fischer projection formula, this substituent should find a place at the
bottom end. Thus, we have to transform the above Fischer projection into
another Fischer projection as shown below:

1
OH

HOHZC+CHO
3 2

This new Fischer projection corresponds to the following perspective drawing.

~T

1
OH

HOH ,C=—C—=CHO
3 P2

H
4

The molecule is then projected in such a way that H is at the back.

1
OH

|
4 C
H7y CHO
HOH,C 2
3

Then, by overlooking this H, path from 1— 2 — 3 is traced as illustrated below.

1
OH

C
~
HOH2C3/ C';O

Since, this path is clockwise, hence, D-(+)-glyceraldehyde is assigned R
configuration.

There is another way which allows the assignment of configuration without
having to visualise the three-dimensional structure of the molecule. Let us
study it.

A simple way to assign R or S Configuration using Fischer Projections

Itis a short cut method and requires that the Fischer projection is written in
such a way that the substituent of lowest priority is at bottom. Then, this
substituent is neglected and the configuration is assigned by tracing the path
from 1 to 2 to 3, as stated before.
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3 \2
N

4 ————= neglect it and trace the path from
1 to 2 to 3. Since, this path is in
clockwise direction, hence the
configuration is R.

Similarly, in case of (+)-2- butanol,

H-
CH3CHz a2

C—OH
/
CH,
(+)-2-butanol
the order of priority of substituents is OH > CH3CH, > CH3 > H.If the molecule
1 2 3 4

is viewed in such a way that the H is at the back, then the other substituents
appear as shown below:

Now, trace the path from 1 to 2 to 3 which is anticlockwise in this case. Hence,
the configuration of the carbon atom marked by asterisk (*) is S.

In the compounds containing more than one chiral centre, the configuration is
specified at each of these centres. For example, in case of 2,3-dichlorobutane,

2,3-dichlorobutane

the priorities of substituents at the C-2 and C-3 chiral centres are as follows:

Cl
/
Cl > - CH > CH, > H
1 2\ 3 4
CH

3

Focusing our attention on C-2 carbon, the path from substituents 1 to 2 to 3

has anticlockwise direction; hence, it has S configuration. Similarly, at C-3 119
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carbon also, the path from 1 to 2 to 3 is in anticlockwise direction. Hence, it
also has S configuration. Thus, this isomer of 2,3-dichlorobutane is named as
(2S,3S)-2,3-dichlorobutane.

It is not difficult to decide whether a molecule has R or S configuration, if the
actual arrangement of the groups about the chiral centre is known. But, how to
determine the actual arrangement of the groups? Until 1951, the absolute
configuration of any optically active compound was not known. In 1951, Bijvoet
determined the absolute configuration of (+)-tartaric acid using a sophisticated
modification of X-ray diffraction called anomalous dispersion. Then, the
absolute configurations of all other compounds whose configurations had been
related to (+)-tartaric acid were also revealed.

SAQ2

Mark the chiral centre in the following compounds and assign them the
configuration as R/S at each of the chiral centres.

H CH,
! W
CH,
i) HoN H
CH=—CH,

5.3 DETERMINATION OF CONFIGURATION-
DIFFERENT METHODS

In the light of the fact
that the configuration
of a chiral centre in a
compound is not
changed unless at
least one bond at the
chiral centre is
broken, chemists on
the basis of the
experimental
evidences realised
that the configurations
of various optically
active compounds
can be related to
each other even
without knowing their
absolute
configurations. Thus,
relative configurations
of a large number of
compounds could be
determined.
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After understanding different ways of representation of configuration, let us
have an insight about how the configuration of a stereoisomer is determined.
Here, we will keep our discussion focused on the determination of
configuration of optical isomers only.

The absolute configuration of a compound can be determined using X-ray
diffraction. This method was first applied in 1951 by Bijvoet to know the
configuration of tartaric acid. Since then, this method has been used to know
the configuration of many compounds. Today, X-ray diffraction studies have
become a routine method of analysis.

But in those days, many naturally occurring compounds such as terpenoids,
steroids, carbohydrates, alkaloids, amino acids etc. were being studied and
synthesised. The configurations of many optically active compounds were
determined by correlating the configuration with that of the other known
compound.

Such a correlation involved the following methods

e Chemical correlation
o Method of quasi-racemates

Let us now study them in detail.
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5.3.1 Determination of Configuration by Chemical
Correlation

This method involves the chemical transformation of a compound , say X, of
unknown configuration to another compound ,say Y, of known configuration
involving only such reactions in which

(iy bonds linked to the stereocentre/asymmetric centre are not affected.
(i) the stereochemical outcome of the reaction is clearly known.

This can be easily illustrated using the correlation of configuration of
(+)-glyceraldehyde by chemically transforming it to tartaric acid whose
configuration is already known.

'CHO 'COOH
CHOH | ——> 2CHOH
’CH,OH °*CHOH

4
COOH
glyceraldehyde tartaric acid

So, we have to convert (+)-glyceraldehyde to tartaric acid in such a way so
that the stereochemistry at its C—2 carbon remains intact.

This can be done by the following sequence of reactions:

"cN 'cooH ' COOH

! 2 2 ‘ 2
CHO CHOH CHOH CHOH

HCN H,0 oxidation
_— _—

CHOH | ————= | °CHOH °*CHOH SCHOH

4 4
3CH,OH “CH,OH CH,OH COOH

(+)-glyceraldehyde tartaric acid

But out of the three possible sterecisomers of tartaric acid, i.e., shown below
as (1), (1) and (I1); only (1) and (Ill) were obtained.

'COOH 'COOH 'COOH
HO—2—H H—2—O0H H—2—OH
H2oH  HO-3—H [H—}—oH
“COOH “COOH “COOH
(-)-tartaric acid (+)-tartaric acid meso-tartaric acid

(n (I )

This indicates that the stereochemistry of (+)-glyceraldehyde is related to that
of the C-3 of tartaric acid as shown below:

CHO COOH COOH
[H—=2—oH] HO H + H——OH
CH,0H [Fi=F—on  [n——odl
COOH COOH

D-(+)-glyceraldehyde (—)-tartaric acid meso-tartaric acid
U (1)

121
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Thus, the configuration of C-2 of (+)-glyceraldehyde is same as that of C-3 of
(-)-tartaric acid and using the stereo descriptor, we can write it as
D-(+)-glyceraldehyde as done above.

By arriving at the configuration of D-(+)-glyceraldehyde, we can easily predict
and write the configuration of L-(-)-glyceraldehyde as follows:
1 1
CHO CHO
H—2—0H HO—4—H
CH,0H CH,OH
D-(+)-glyceraldehyde L-(—)-glyceraldehyde
Let us take another example. It was determined by the X-ray diffraction studies
that naturally occurring (+)-alanine had the following configuration:
COOH
HoN—/—H
CH3
L-(+)-alanine
The configuration of (-)-cysteine could then be determined using it.
'COOH
2CHNH,
3
CH,SH
(-)-cysteine
L-(+)-alanine on reaction with Ba(SH), is reported to give (-)-cysteine. So
these two amino acids have the same configuration at C-2 and (-)-cysteine is,
therefore ,an L-amino acid.
'COOH
H,N—C—H
3CH,SH
L-(-)-cysteine
Also, configuration of (-)-serine was correlated with L-(+)-alanine by its
conversion using the following reactions:
COOH (‘ZOOH (‘ZOOH
H2N+H reduction (‘:HNH2 PCl; (‘:HNH2
CHs CH,ClI CH,0H
L-(+)-alanine L-(—)-serine
Thus, L-(-)-serine would have the following configuration:
COOH
H,N H
CH,OH
122 L-(—)-serine
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This leads to the configuration of (+)-serine as given below; hence, a
D-configuration at C-2 carbon.
'COOH
H—2—NH,
‘CH,0H
D-(+)-serine

The configuration of two compounds can also be correlated by transforming
them to a common intermediate component. Thus, a knowledge of
configuration of D-(+)-serine as obtained above could be used to determine
the configuration of (-)-aspartic acid.

D-(+)-serine could be converted to compound A by the following sequence
reactions without affecting the configuration at C—2 carbon.

1COOH 1COOH 1COOH
PCI
(] O [ —— [
CH,OH 3CHZCI 3CH2NH2
D-(+)-serine A
Hoffmann
Degradation
1COOH 1COCH
3CHchOH 3CH2CONH2
B

(-)-aspartic acid (an amide)

This intermediate compound A can also be obtained from the amide (B) by
Hoffmann degradation as shown above; as no change in configuration takes
place in this reaction. The configuration of compound B is therefore same as
that of configuration of A.

Compound B can be hydrolysed to the (—)-aspartic acid. Hence, (—)-aspartic
acid has same configuration at C—2 as that of compound B which in turn has
same configuration at C-2 as D-(+)-serine.

Thus, the method of determination of configuration by chemical correlation is
very useful and the configurations of many compounds can be determined by
extending the chain of correlations to many other compounds. For this, you
must have a good knowledge about the organic functional group
transformations and the reactions mechanisms to plan such chemical
transformations.

You can check your understanding now by answering the following SAQ.

SAQ3

A compound, (+)-isoserine was converted to (—)-glyceric acid using HNO..
(-)-Glyceric acid was also obtained from D-(+)-glyceraldehyde using HgO.
What are the configurations of C—2 carbon atoms in (+)-isoserine and
(-)-glyceric acid?
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5.3.2 The Method of Quasi-Racemates

So far, we have studied about chemical correlation of configuration. But now,
you will study about one more method of correlation of configuration of
compounds without actually chemically transforming them into each other.
This method, called method of quasi-racemates had been extensively used by
Fredga and it makes use of the phase diagrams when two compounds
(enantiomers) are mixed together whose configurations are to be correlated.

It is interesting and important to know more about the racemic mixtures about
which you have already got some knowledge. In many cases for solid
samples, such mixtures are not just simple mixtures but these are molecular
compounds formed by the enantiomers and their physical properties such as
melting point, solubility, density etc. are different from those of their
enantiomers. Such racemates show the phase diagram as shown below in

— L O\

100% A 50% 100% B
racemate

melting point —>

Fig. 5.5: Phase diagram for the formation of a molecular compound.

When the two enantiomers are mixed, the other possibility is the formation of a
simple mixture, also called a conglomerate. In this situation, their phase
diagram looks like as shown in Fig. 5.6.

| \/
©
Q. |
o)) |
£ |
© :
€ I
I
100% A 50% 100% E
) racemate (+)

Fig. 5.6: Phase diagram for the formation of a simple mixture.

You can see that the melting point of such a racemic mixture is lower than that
of the pure enantiomers.

Thus, by looking at the phase diagrams, you can say that whether a racemic
compound forms or a simple racemic mixture exists when the two enantiomers
are mixed.

Now, how to apply this knowledge for the determination of configuration of a
compound?
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The method was suggested by early observations made by Centnerszwer in
1899 that two chemically similar chiral substances such as (+)-chlorosuccinic
acid and (-)-bromosuccinic acid form a molecular compound in the solid state.

Such a molecular compound is called a quasi- recemate as it is formed from
similar compounds but not from enantiomers.

Detailed studies of this phenomenon using substances of known configuration
showed that, in general, compound formation (as observed by melting point
diagrams) occurs between chemically similar optically active species only
when they are of opposite configuration.

However, the species of like configuration, instead, show the phase diagram
of simple mixtures.

Hence, we can conclude that the compounds- (+)-chlorosuccinic and
(-)-bromosuccinic acid are of opposite configuration.

Let us understand the correlation of configuration of (—)-malic acid and (-)-

methylsuccinic acid. The coorelation of the configuration of these two

compounds cannot be done directly as hydroxyl and methyl are quite
These substances have opposite

configurations as they form
quasi-racemates.

/

Mieczystaw
Centnerszwer

(July 10, 1874 — March
27, 1944)

A Polish Chemist
Centnerszwer’s
observations laid the
foundation for the
‘method of quasi-
racemates”.

(‘)OOH (‘DOOH (‘)OOH
HO*(‘ZfH — CZHSS‘(‘:—(%(‘)*H ~—O——> H*CH*S*‘C‘)*OCZHS
CH,COOH S CH,COOH ‘ S
CH,COOH
(-)-malic acid (+)-ethyl xanthate
(known derivative of malic (+)-ethyl thionecarbonate
configuration) acid (1) derivative of thiolsuccinic
acid (Il)
(‘DOOH (‘)OOH
Hng(‘)fH 00— H*(‘D*SH
CH,COOH CH,COOH
(-)-methylsuccinic (+)-thiolsuccinic
acid acid

N\ /

These substances have
opposite configurations as they
form quasi-racemates.

Correlation of configuration of malic acid and methylsuccinic acid

different and unequal in size. Hence, as shown above, (S)-(-)-malic acid can
be converted into the dextrorotatory ethyl xanthate derivative (l). (1) was then
compared, with the dextrorotatory ethyl thionecarbonate derivative of (+)-2-
thiolsuccinic acid (ll) by the method of quasi-racemates.

The phase diagrams as given in Fig. 5.7 indicate that (+)-1 and (+)-1l are of
opposite configuration. The relative configuration of (—)-malic acid and (+)-
thiolsuccinic acid thus follows.

(+)-Thiolsuccinic acid, in turn, has been correlated by the method of quasi-
racemate with (—)-methylsuccinic acid.

The compounds (+)-
chlorosuccinic acid
and (-)-
bromosuccinic acid
have an “almost
mirror image”
relationship. Such
compounds were
later called
“quasienantiomers”,
and hence, a 1:1
mixture of
quasienantiomers is a
“quasiracemate”.
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The phase diagram of mixtures of (+)-thiolsuccinic acid and (-)-methylsuccinic
acid is similar to Fig. 5.7 (a), indicating compound formation, whereas

(-) -thiolsuccinic acid and (-)-methylsuccinic acid form a mixture as indicated
by Fig. 5.7(b).

melting point——>
melting point—>

% A 100% B
+
(@) (+)

100% B
(b) (*)

—
—~ O
S
—
Ao
+ O
VO\O
>

+
~

Fig. 5.7 Phase diagrams for mixtures of the dextrorotatory thiolsuccinic acid
with the (a) dextrorotatory and (b) levorotatory methylsuccinic acid.

Let us next consider another situation in which the method of quasi-racemates
has been extended. Here, two similar substances, (+)-A and (-)-B, have the
same configuration when they form a solid solution and (+)-A and (+)-B [or (-)-
A and (-)-B] show the phase behavior of a simple mixture.

Thus, (+)-2-chloro-2-phenylacetamide forms a solid solution with
(+)-hydratropamide whereas its levorotatory enantiomer forms only mixtures
with (+)-hydratropamide, as shown below:

CONH, <|JONH2
CI—C|)—H HsC—Cli—H
CgHs CeHs

(+)-2-chloro-2-phenylacetamide  (+)-hydratropamide

AN

same configuration

It has been concluded that (+)-2-chloro-2 phenylacetamide and
(+)- hydratropamide have the same configuration, the correlation is shown by
the phase diagrams in Fig. 5.8.

&
o S
g 3
= ©
g 2
3 5
8
100% A 100%B  100% A 100% E
(+) (@) (+) &) (b) (+)
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Fig. 5.8: Phase diagrams for mixtures of (+)- and (-)-2-chloro-2-phenylacetamide
and (+)-hydratropamide.

In summary, if A and B form a compound and A and the enantiomer of B (or B
and the enantiomer of A) form a mixture (or a solid solution), then A and B are
of opposite configuration.

If A and B form a solid solution and A and the enantiomer of B form a
mixture,then A and B have the same configuration.Also, the A and the
enantiomer of B have opposite configurations.

Though the method of quasi-racemates for determination of configuration is
simple and quick to use, it has the following limitations.

e The compounds compared must be chemically very similar, otherwise the
result is not reliable.

e The method is useful only when (-)-A and (+)-B form a compound and
(-)-A and (-)-B form a mixture but not when both pairs form the mixtures
or when both pairs form the compounds.

e |tis necessary that both enantiomers of at least one of the two
components involved in the comparison is available.

The chemical coorelation and the method of quasi-racemates were used
earlier for determination of configuration, other methods have also found use
for this purpose in the due course of time. These methods involve the use of
spectral studies and X-ray diffraction studies.

Similar to the true racemic compounds which differ from the enantiomers, in
their solid — state, infrared spectra and X-ray patterns, the quasi-racemic
compounds exhibit different infrared spectra and X-ray patterns from those of
the simple mixtures of their components.

Hence, if infrared spectra and X-ray patterns are simple summations of the
spectra or patterns of (-)- A and (-)-B taken singly, then (-)-A and (-)-B
together form simple mixtures .But ,if (-)- A and (+)-B on mixing give new
IR bands and exhibit distinct patterns, then (-)- A and (+)-B have formed a
compound and hence; have opposite configurations.

5.4 SUMMARY

In this unit, you have learnt that

e Each of the two groups attached to same carbon atom of the double bond
is assigned priority according to the sequence rules. This is done for both
the carbon atoms forming the double bond.

If the groups of higher priority are on opposite sides of the double bond,
then the isomer is said to have E configuration. Otherwise, when the
groups having higher priority are on the same side of the double bond,
then the isomer is known as Z isomer. The letters E and Z are derived
from the German words entgegen meaning opposite and zusammen

meaning together.
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e The R/S system of designating configuration is based on the actual three-
dimensional formula of the compound to be named. In this system, the
configuration at the chiral centre is assigned by assigning the order of
precedence to the groups attached to the chiral centre according to the
specific set of rules

¢ The absolute configuration of a compound can be determined using X-
ray diffraction

e The configurations of many optically active compounds were determined
by correlating the configuration with that of the other known compound.
Such a correlation involved the following methods:

«» Chemical correlation
% Method of quasi-racemates

¢ Method of quasi-racemates is simpler than that of chemical correlation but
has certain limitations also.

5.5 TERMINAL QUESTIONS

1. Assign the configuration as E/Z to the following compounds:

(@]
) CICH,CH I
COH
NG /
c=cC
\

/
CH,CH, H

i)  CICH,CH COH
AN /
c=cC
e AN
CH,CH, H

2. a) Assign E/Z and R/S stereodescriptors the following compounds:

i) CHs i) ng
/\/\/\ NN
H3C / CH3

ii) CHs iv) CH;,
CH; CH; /
S
\ / CH3 / CH3

b) Is there any relationship between (iii) and IV? If yes, what is the
relation?

3. Draw the wedge and dash structures of (i) (S)-alanine and (ii) (R)-lactic

128 acid.
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4. Compare the two methods of determination of configuration.

5.6 ANSWERS

Self Assessment Questions

1.0) E i) Z

2. ) s 3
H ,CHs

anticlockwise path from 1 —> 2——>3

so, S configuration
ii) 3
CH,
! H2N+H
> CH=CH,
Il

1
NH,

3 2
H3C C:CH2
4

H

path from 1—> 2——>3

4

clockwise; R configuration

Both (+)-isoserine and (-)-glyceric acid have the same configuration

as that of C-2 of D-(+)-glyceraldehyde.

3. Both (+)-isoserine and (—)-glyceric acid have the same configuration as
that of C—2 of D-(+)-glyceraldehyde.

'COOH 1COOH 1CHO
O
s -
“CH,NH, “CH,OH CH,OH
(-)-isoserine (-)-glyceric acid D-(+)-glyceraledehyde

Terminal Questions

1. i)  Z
ii) Z
2. a) i) CHs i) CHs CHjz CHj

W
H3C/E\/\/E\CH3 z7 2z
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3.

b)
i)

i

iy CHs iv) Chs
CH;, CH; /
W
N £ CHj 2 RZE CH,

Both iii) and iv) are enantiomers.

H,,,/<COOH
H5C NH,

(S)-alanine
As the groups attached to the chiral centre in almine are COOH, NH,,
CH3 and H. Their priority order is NH, > COOH > H

For S configuration, these groups are to be arranged and placed in
anticlockwise path from 1 — 2 — 3. The H can be placed at the
backside being thelast in the ptiority order. Hence, the above structure

@H,( Qoon
/< anticlockwise —> S configuration

®HSC NH,
@
H, JOH
HaC COOH

(R)-lactic acid

Arguments as in i) above give the structure of R-lactic acid as shown
above.

The method of quasi-racemates is less time consuming and simpler as
the interconversions of the compounds are not required as in case of
method of chemical corelations.



o UNIT 6

TOPICITY AND
PROSTEREOISOMERISM

Structure
6.1 Introduction 6.5 Pseudoasymmetry
Expected Learning Outcomes 6.6 Stereogenic and Prochiral
6.2 Topicity of Ligands and Faces Centres
and their Nomenclature 6.7 Summary
6.3 Stereogenicity 6.8 Terminal Questions
6.4 Chirogenicity 6.9 Answers

6.1 INTRODUCTION

In unit 5, you have studied about the configuration of an organic compound, its
representation and determination. You also know that many a times, we need
to synthesise a particular stereocisomer — either an enantiomer or a
diastereomer of a particular compound. The reasons to do so may be many
such as biological activity of a particular stereocisomer or using such synthesis
to obtain molecules for a variety of interests.

While planning such a synthesis, we have to explore the suitable starting
materials and exploit their structural features. Here, we will provide you an
insight to look at the structure of molecules in such a way so as to explore how
to utilise the different groups present in it to give the desirable product.

Also, in this unit, you will be introduced to few new terms such as topicity,
stereogencity, chirogencity, psuedoasymmetry etc. A clear understanding
about them will facilitate you in understanding the concepts dealt in this unit.

Expected Learning Outcomes

After studying this unit, you should be able to:

R/

% explain topicity of ligands and faces;

R/

« differentiate between enantiotopic and stereotopic ligands;
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% describe the terms stereogencity and chirogencity using suitable
examples;

«» discuss psuedoasymmetry and illustrate the presence of
psuedoasymmetric centre; and

« identify stereogenic and prochiral centres present in a molecule.

6.2 TOPICITY OF LIGANDS AND FACES AND
THEIR NOMENCLATURE

Let us first understand what is meant by a ligand here. Ligands are atoms or
groups of atoms present in a molecule. Thus, in CH,CIBr,

Cl

-

Br
four ligands Cl, Br, H and H are attached to the carbon atom.

Ligands such as two H atoms in the compound shown above are apparently
identical and are ‘homomorphic’; (in Greek homos means same and morphic
means form). Thus, such ligands when considered in isolation have same form
and are indistinguishable. But, such ligands are distinguishable when present
as a part of molecule. You will study about this aspect a little later in this
section.

But, what if the homomorphic ligands are not just the single same atoms (as
two H atoms above) and they are group of atoms such as methyl, secondary
butyl groups etc; then, in that case, in addition to their identical nature, their
configuration as R or S should also be same. Only then, these ligands would
be homomorphic.

Further, homomorphic ligands, when present in a molecule, may occupy
equivalent place or a different place. And, this spatial relationship of
homomorphic ligands is referred to as the topicity. Topas means place. If the
homomorphic ligands occupy the equivalent place, as shown below in case of
propane and dichloromethane;

G ¢
H—C|3— H H —C|3— H
CHj, Cl
propane dichloromethane

they are called homotopic .Thus, the two H atoms in the above two
compounds are homotopic.

But what about the two H atoms in CH,CIBr which we considered in the
beginning?

Cl

i

Br
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Two criteria are normally used to check whether the ligands are homotopic or
not. When they are not homotopic, they are heterotopic and to be very precise
stereoheterotopic. These criteria are:

(i) Substitution-Addition Criterion
(ii) Symmetry Criterion

We will discuss here the substitution-addition criterion which is familiar to you
from your earlier studies. The symmetry criterion is based on the presence of
symmetry elements in the molecule and point group of the molecule to which it
belongs. It may also be referred to as and when possible and required in the
present discussion.

Let us apply the substitution-addition criterion to bromochloromethane which
involves the replacement of one of the two H atoms, labeled as H, and H, (just
for the sake of differentiation), by some other group one by one and see the
resulting structures.

Cl
Ha
Br
(A)
R~
Cl
F Hy H4q F
Br Br

0 (1

T

Now, as Hy and H, are the same, i.e., just H, so the resulting structures (l) and
(II) are enantiomers. Thus, the two H atoms in the original compound (A)
were arranged enantiotopically and are called enantiotopic. So these two
positions are different stereochemically and are heterotopic.

enantiomers

Please note that the terms enantrotopic, heterotopic or homotopic are relevant
only when we are comparing the two atoms (or groups of atoms),otherwise it
does not apply to any single atom or groups of atoms as there is nothing for
the comparison.

Also in compound (A) above, the two hydrogens compared for the enantiotopic
relationship were present in the same molecule; so it is an example of internal
comparison. We can further extend this logic and compare the groups
present in different molecules, say the —OH group present in the enantiomers
of lactic acid as shown below:

mirror

COOH | COOH
H——OH | HO——H
CH3 § CH3
R-lactic acid S-lactic acid
enantiomers
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In case of comparison of —OH groups (or even —H atoms), the external
comparison of the groups indicates that they are enantiotopic.

Let us understand another possibility when the two ligands are diastereotopic.
You would definitely like to ask-When can this happen? Consider a molecule
which already has a chiral centre (C*XYZ) and two atoms/groups of atoms
occupying enantiotopic positions on the next carbon, as shown below:

CH3
Xl 7 H—2*—OH
Hy——H> Hi _3_H2
R CH3
2-butanol

2-Butanol is an example of such a molecule in which C-2 is the chiral centre
and two H atoms are present at C-3. Now, if we again use the substitution-
addition criterion and replace H; and H,, one by one - say by the Cl atom, we
will get two compounds (lll) and (V).

CHs 4CH3

i /

i \diastereomers (V)

You can see that the upper portion in the box has remained as such in (lll) and
(IV) and so also the CH; group at the bottom. The only change by replacement
of H by Cl has taken place is at C—3 and the two compounds — (Ill) and (1V),
have opposite configuration at C-3. So, these are diastereomers. Therefore,

the H; and H, at C-3 which have led to these diastereomers, are said to be
diastereotopic.

Not only the presence of a chiral centre can make the two groups present at
the carbon diastereotopic, but also in compounds like propene, CH;—HC=CH,
and bromocyclobutane as given below:

Br H
H3C\ /H1 H
Cc=C H
H / ~ H2
H Ho
propene bromocyclobutane
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clearly indicate that H, and H, groups are sterically differently and when
checked by substitution-addition criterion lead to diastereoisomers as shown
below:

Br
HsC Br «—
N C/ { O/
H/ \H
cis ) ) H
— Diastereoisomers Br — Diastereoisomers
HsC H H
\C—C/ H
e -
H/ \Br D

trans

Thus, we can say that
Homomorphic ligands

! l

Homotopic Heterotopic
‘ (stereoheterotopic)

! !

Enantiotopic Diastereotopic

Similar to the topicity of ligands, the two sides or faces of the double bonds

suchas C=C{_or _C=—O0 can also be same (or equivalent), enantitopic
or diastereotopic. These are illustrated below:

A
H,/ R' H/’ /OH
C * AN
R/ \OH R R'
“enantiomers
(racemic)
(enantiotopic faces)

For clarity of
visualisation, the two
hydrogens at two
carbons atoms are
omitted in
diastereoisomers in
cyclic compounds.
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Having understood the topicity of ligands and faces, it will be appropriate here
to understand their nomenclature.

A. Nomenclature of Stereoheterotopic Ligands

You already know that enantiomers can be designated by appropriate
descriptions as R or S and the diastereomers with a rigid framework like a
double bond (as on alkenes) can be designated as E or Z.

The, R,S descriptors are also used for stereocentres present in diastereomers.

Let us take the example of compound A again and consider its conversion to
the enantiomers (1) and (ll) by replacing H4 and H,, respectively by its higher
isotope D as shown below. We will also assign them the configuration as R or
S according to the Cahn-Ingold-Prelog rules.

Cl

Br
H, Hy
R S

Here, the replacement of H; by D in compound A has led to R enantiomer;
hence, H; is labeled as pro-R ligand. Similarly, replacement of H, in compound
A is labeled as pro-S. This is shown below:

Cl
pro-R pro-S
N H: H, e
Br

Similarly, a molecule having prochiral axis, has two stereoheterotopic
hydrogen atoms labeled as H, and H,, as shown below;

H Br
5 i,
C—C——=C
Look from / ™~
g H H
this side 1

To know which H —i.e., H; or H,, is pro-R or pro-S, the molecule is looked
along the axis from the side as shown above. Then, the molecule will appear

as written below:
136
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H3 Hy

H

Again, if we replace H; and H, by say D, then H; will be pro-R. Repeating the
same steps for H, will indicate that H, is pro-S.

Similarly, a molecule having prochiral axis, has two stereoheterotopic
hydrogen atoms labeled as H; and H,, as shown below;

H Br
2
\ //1 . /
> C=—=C=—¢C
/ \
Look from H1 H
this side

To know which H —i.e., Hy or H, is pro-R or pro-S, the molecule is looked
along the axis from the side as shown above. Then, the molecule will appear

as written below:
H3 H,

H

Again, if we replace H; and H, by say D, then H; will be pro-R. Repeating the
same steps for H, will indicate that H, is pro-S.

B. Nomenclature of Stereoheterotopic Faces

You have already studied about homotopic, enantiotopic and diastereotopic
faces for the molecules labeled as (V), (V1) and (VIIl), respectively. Let us
study about their nomenclature for enantiotopic and diastereotopic faces.

(i) Nomenclature of Enantiotopic Faces

Let us take the example of ethanal which is a molecule of type (VI)
structure wherein R = CHs.

H//

"c—o

Hsc/
2

ethanal

If we consider its top face and number the substituents attached to the

carbonyl carbon as 1, 2 and 3 according to their decreasing order of You .haVe already
priority as per the CIP rules, then you can see below that the path from 1 StUd'e,d ab‘?“t CIP
to2to3is rules in Unit 5.
/n,.'” C=(1)
e
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clockwise; hence, this is called Re face. Re originates from the first two
letters of the word Rectus. Alternatively, if we look this molecule from the
opposite face, i.e., from below side as shown below,

the path from 1 —» 2 — 3 is anticlockwise. Thus, this face is called Siface
from first two letters of the word Sinister.

§AQ1

Draw the Re and Si faces for acetophenone molecule.

When Re-Si nomenclature is used for alkenes, the descriptors are
assigned to both the carbon atoms of the alkenes. This is shown below for
maleic acid and fumaric acid.

HOOC o
/)
& o H S COOH
S £ & &
3 S @ <9 ™~ ®
N \ng & \ng ‘,\é"b
HOOC & HOOC &

H H
maleic acid fumaric acid

For maleic acid, the two faces are homotopic while for fumaric acid, the
two faces are enantiotopic. The priority orderis COOH >=C > H.

However, in case of monosubstituted alkenes, the two faces are
enantiotopic and only one symbol needs to be specified for each face.

This is shown below:
2 é e
! /C C\

Top face is Siface as the path from 1 —» 2 — 3 is anticlockwise. What
about the other face? It is Re face when viewed from the bottom.

-

(i) Nomenclature of Distereotopic Faces

The nomenclature of disterotopic faces can be done similarly.

6.3 STEREOGENICITY

After studying the topicity of ligands and faces of molecules and their
nomenclature, let us have a deeper insight into different terms being used in
138 the context of stereochemistrv of molecules.
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In Block 1, Units 1 and 2 of this course, you have studied about chiral centres,
axial and planar chirality etc. But, have you got a clear idea about the chirality
of molecule if it possesses one or more chiral centres.

In the due course of time, chemists also preferred the use of terms asymmetric
centre for the chiral carbon as molecule does not have any symmetry
elements when four different groups or ligands are attached to a carbon atom.

Another term stereogenic centre was used by Milton and Seigel in 1984 who
said that elements of chirality are more properly related to stereogenicity
rather than molecular chirality. Let us understand this now in a more detail.

A stereogenic centre is such a structural unit present in a molecule which can
generate stereoisomers. And, the phenomenon associated with it is called
stereogenicity.

Now you may be curious to know what is a stereocentre. A stereocentre is an
atom or a group of atoms if the interchange of two ligands attached to it
results in a new stereoisomer. As the stereoisomerism is generated by such
a centre, it is called stereogenic centre. You can see yourself in the figure
given below that interchange of ligands attached to the central carbon atom
leads to a different sterecisomer.

1 2
\ Interch \
g merhense Lo
4 ligands 1 and 2 4
3 3
(vim (IX)
1 2
In Fischer projections: 4 I 3 4 I 3
2 1
AN /
enantiomers
COOH 'COOoH COOH
HO——H Interchange HO—2—H Interchange —2—OH
_— _—
HO——H ligands at C-3 H—l—o0oH ligands at C-2 H=l OH
4 4
COOH COOH COOH
(X1) not enantiomers X) not enantiomers X1)

Remember that
Interchange of two ligands in (VIII) gives its enantiomer (IX). But what about chirality is related to
interchange of ligands in (X)? You can see that if we change the ligands at handedness. The
C-2 or C-3 in compound (X), we get the some new stereoisomer (XI), i.e., word chiral came

. e : . from Greek word
meso tartartic acid in this case. (XI) is not enantiomer of (X). Here, both C-2 cheir meaning hand.

and C-3 of (X) are stereogenic centres and also the central C atom in So our hands are
compound (VIII). So presence of a chiral centre does not always ensure mirror images of each
chirality. other but they are not

superimposable on
Also, some molecules without chiral centres may be chiral; you have already | each other.

studied about axial and planar chirality in earlier units. Thus, interchange of
ligands both in alkenes and allenes lead to different stereoisomers as shown
below:
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A chirotopic point in a
molecule need not to
be coincident with the
material point i.e., an
atom or a group. It

can just be any point.
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H,C CH H.C
e Nomo
H/ \H H/ \CH3
(X (XI)
cis-2-butene trans-2-butene
(stereoisomer)
H.C H CH
N N interchange HSC\ S8
............ GE.G:...G...............—> C:C:C
H » -
CH, H H
(XIV) (XV)
different compound
(stereoisomer)

Hence, the chirality axis in alkenes and allenes is a stereogenic axis.

It would also be interesting to note that in some more complex molecules more
than one stereocentres and/or stereoaxis may be present in a single molecule.
For example, the following molecule (XVI),

OH
CIHC:CH—CH—(llH—CHZCHS
On
(Xv1)

when looked as shown below clearly indicates the presence of two
stereocentres marked by asterisks (*) and a stereoaxis.

H H
. N, S
Stereoax|s ............... C'L" ..K..;........; .................
cl CH—CH—CH,CH,
(XV)  OH OH

The interchange of two groups at any one of the carbon atoms forming the
double bond would lead to trans arrangement as shown below:

OH OH
Cl H ST
~._ H._ _CH—CH—CH,CH,
...... /C—\** or c—c
H CH—CH—CH,CH, Y
OH OH

(XVI1)

6.4 CHIROTOPICITY

Chirotopicity is yet another term suggested by Milton and Siegel in 1984. Let
us understand it now. Chirotopicity is the phenomenon related to presence of
chirotopic atom. A chirotopic atom is an atom which resides in a chiral
environment. This concepts involves the local or site symmetry within a
molecule. Thus, within a chiral molecule, all points are chiral. For example, in
a molecule (XVIII) as shown below, all five atoms, i.e., C, H, Cl, Brand |
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0 ®

™ £\
2) &

N’ P

4 Br

(XVIII)

are present in the chiral environment and are chirotopic. Also, as discussed
above carbon atom is stereogenic also.

However, achiral molecules may also have many chirotopic atoms (or points).
This is illustrated in case of meso-tartaric acid

COOH
H———OH /plane of symmetry Locate the centre of
/ symmetry in meso-
H——OH tartaric acid.
COOH

meso-tartartic acid

All points in meso-tartaric acid except those lying in the plane of symmetry, are
chirotopic in this molecule. This argument is also valid for the centre of
symmetry when present in a molecule.The centre of symmetry is also
achirotopic in a molecule.

Let us study one more example and analyse chirotopic and stereogenic centre
in compound (XIX).

'COOH

HO—2—H

H——OH
H—*—OH

COOH
(XIX)

As this molecule is chiral, all the points in it should be chirotopic. Let us
explore the stereogencity at C-3. If we interchange the two groups i.e., —H and
—OH, in the molecule, we get the following structure:

'cooH
HO—4—H

o]

H—24—OH

5
COOH

Let us check whether the structure so obtained is different, i.e., a stereoisomer
of the compound or not. Let us rotate this by 180° as shown below: 141
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1
COOH

Note the numbering of carbon atoms shown after rotation. What have we got?
This is the same structure as of the starting compound.

So, we have not got a stereoisomer after interchanging the groups (ligands) at
C-3; hence, C-3 is not stereogenic but it is chirotopic.

So, this was an example in which one atom was non-stereogenic but
chirotopic. But can there be molecules in which there is reverse situation. In
other words, are there molecules which have stereogenic centres and are
achirotopic?

Let us find an answer to this in the next section on pseudoasymmetry.

6.5 PSEUDOASYMMETRY

Let us consider meso-isomer of 2, 3, 4-trihydroxydicarboxylic acid (XX) which
is a stereoisomer of compound XIX).

'cooH
H—2—OH

—OH /& plane of symmetry

H—4—OH

TooH
ribaric acid
(XX)

As it is a meso-isomer and has a plane of symmetry, all the points lying on this
plane are achirotopic. So, C-3 will be achirotopic.

Let us check whether C-3 carbon is stereogenic or not? Again, we will
interchange the ligands at C-3 and see if we get the stereoisomer or the same
compound.

plane of symmet
'COOH ymmetry 'COOH *COOH

H—3— OH / \ H—2+—OH HO— 1
|nterchange

rotate
EE IlgandsatC3 HO__H ; by o B _OH

H—4—OH H—4—O0H HO—4 H
5 5 1
COOH COOH COOH

ribaric acid xylaric acid
00) ‘\\\\\ ////” oot
diastereomers (another meso isomer)
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Here, the interchange of ligands at C-3 gives a stereoisomer which is another
meso isomer. Even rotation of 180° of (XXI) does not give XX; soitis a
different stereoisomer. As XX and XXI are not enantiomers; they are
diastereomers. Thus, chirotopicity and stereogencity are two distinct aspects
and are delinked from each other.

Now such a centre which is achirotopic but stereogenic centre has four
different ligands attached to it. You will say — how? Let us see below.

'COOH
H—4—O0H
H——OH

H—4—OH

5

COOH

(XX)

The C-3 carbon in XX has —H, —OH and two bulky groups shown in blue and
pink coloured boxes. At the first sight, you can say that these two groups are
same. They are same in the sense of their constitution, i.e., they have —H,
—OH and —-COOH attached to C. But do they have the some configuration? Let
us check.

1
2COOH

‘H—2—OH
H—+—OH
H—24—OH
"COOH
(XX)

At C-2, the configuration is R. We have to prioritise the groups attached to C-2
as shown by numbers in red colour, this time to differentiate from the
numbering of carbon atoms of the main chain done in black colour. Then,
using the CIP rules, you can yourself verify the configuration at C-2 is R.

Similarly, we can check for the configuration of C-4 carbon atom. This time
again, we can assign the priorities by using the CIP rules to four as groups as
shown by numbers in red colour and then the path from 1 to 2 to 3 indicates

'COOH

(XX)

that the configuration of C-4 so obtained is S.
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Now, we can write the structure of compound XX with configurations at C-2
and C-4 as shown below:

‘H—3>0OH S pseudoasymmetric
1 centre

If we focus on C-3, we can represent the structure of XX attached to four
different groups where two of them are configurationally different i.e., one is R
and another is S. Such a centre is called pseudoasymmetric centre and this
phenomenon is called pseudoasymmetry.

Now what about compound XXI, the diastereomer of XX? On the same lines
as above, we can write it as shown below.

'cOOH .
H—4—OH s
HO H
_3_ pr—
EE S \ pseudoasymmetric
‘AH—4_ oH centre
1
5
COOH
(XX1)

You can see that the pseudoasymmetric centres in XX and XXI have different
arrangement of two groups —H and —OH. We can assign the stereodescriptors
to such pseudoassymetric centres also by using the CIP rules.

Thus, for compound XX, the priorities of different groups will be as shown
below:

Ts
w w

(@

T

l

0
%

R

(XX)

Here, R group is given priority over S as per CIP rules because R alphabet
comes before S. As the path from 1 — 2 — 3 is clockwise, the
stereodescriptor r designates this centre, i.e., C-3. Note that lower case letter r
has been used here to differentiate from R/S descriptors for chiral centres.

Similarly, you can repeat the same steps for XXI and arrive at the
configuration for pseudoasymmetric centre C-3 in it.

As you might have checked and expected the C-3 pseudocentre in XXl has s
configuration.

You can now answer the following SAQs to check your understanding.
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SAQ2

What will happen if rabaric acid (XX) is reflected in a mirror? Will you get its
enantiomer or the same compound?

SAQ3

Has any change taken place in the descriptor of C-3 of ribaric acid when it is
reflected in the mirror? Arrive at the answer by performing the necessary steps
using CIP rules.

6.6 STEREOGENIC AND PROCHIRAL CENTRES

So far you have studied about the stereogenic centre on which exchange of
two ligands yields stereoisomers — whether enentiomers or diastereomers.
One way of how these stereogenic centres are created is from an archiral
centre. Such an archiral centre is a planar trigonal carbon atom of the carbonyl
group. For example, in the formation of a cyanohydrin a new stereocentre can
be created, as shown below.

R\C O + HCN F{\C/CN
= -
Rl/ R'/ \OH

cyanohydrin

For the cynanohydrin formed to be enantiomeric, the two groups R and R’
have to be different. Only then a new stereogenic centre would be formed in
the cyanohydrins. In such a situation, the carbonyl carbon in the starting
carbonyl compound is called a prochiral centre.

O CN OH

CN™
CGH5\/[§_| — C6H5\>T<H

‘ a stereogenic
prochiral centre centre

As the two enantiomers so formed would be as shown below:

CN OH HO CN
CgH % and CqH %
65 H 6Ms H

enantiomers

But, what would happen if the two groups, R and R’ are the same?

Let us see.

Q HO, ,CN NC, ,OH

— C or “c
H3C/ \CH3 H3C/ \(:H3 H3C/ CH3

o
2
/N
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In whatever way the cyanohydrins so formed is presented — it is the same
compound, the two stereoisomers are not formed in this case.

Hence, the no new stereogenic centre is created this time. Therefore, the
carbonyl carbon is not prochiral in the starting carbonyl compound which is
propanone here.

i
H3C—C—CH3

T

not a prochiral centre

Thus,it is important to note here that the prochiral centres are those centres
which can be converted to chiral centres by one single transformation. If two
such are chemical transformations are required then, such a centre is called a
proprochiral centre.

Let us see another example of a prochiral centre. This time, we explore for a
tetrahedral carbon atom. The two hydrogen atoms of the ethyl group, as in
ethanol, on exchange with another group, say D lead to two compounds which

H /, H exchange D ‘, H H s, D
ol — el e el
HsC OH HsC OH HsC OH

\ /

enantiomers

are enantiomers, i.e., there is generation of a chiral centre in the product.
Hence, the carbon bearing these two hydrogens in ethanol is a prochiral
centre. This is illustrated below.

H,,I’ /H H/“I /D '
/C\ E—— /C <——— new stereogenic
H,;C T OH H,;C \OH centre
prochiral chiral centre in the product or the
centre new stereogenic centre

§4Q 4

Differentiate between a prochiral and a proprochiral centre.

6.7 SUMMARY

In this unit you have learnt that
e ligands are atoms or groups of atoms present in a molecule

e homomorphic ligands are ligands having the same atoms or groups of
atoms with same configuration.

e the spatial relationship of homomorphic ligands is referred to as the
topicity.
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whether the ligands are homotopic or not can be checked by the following
criteria

% substitution-Addition Criterion

% symmetry Criterion

stereoheterotopic Ligands can be classified as pro-R or pro-S ligands.
stereoheterotopic Faces can be classified as Re or Sifaces.

a stereocentre is an atom or a group atoms if the interchange of two
ligands attached to it results in a new sterecisomer.

the presence of a chiral centre does not always ensure chirality and some
molecules without chiral centres are also chiral;

chirotopicity is the phenomenon related to presence of chirotopic atom. A
chirotopic atom is an atom which resides in a chiral environment.

within a chiral molecule, all points are chiral.

chirotopicity and stereogencity are two distinct aspects and are delinked
from each other.

the configuration of pseudoasymmetric centre is denoted by r or s.

prochiral centres are those centres which can be converted to chiral
centres by one single transformation. If two such are chemical
transformations are required then, such a centre is called a proprochiral
centre and

stereogenic centre is one on which exchange of two ligands yields
stereoisomers — whether enentiomers or diastereomers

6.8 TERMINAL QUESTIONS

Identify the hydrogen atoms present in ethanol as pro-R and pro-S.

In the following compounds, identify the hydrogens indicated by Ha and
Hg as homotopic, enantiotopic or diastereotopic.

HC  CHy i) H  H HC M,
|) H\\Hu, HA H\\“>_</IHA |||) /C:C\
H o He Ho H H Hg

Mark the prochiral centre(s) in the following compounds.

i i
i) HsC—C—CH,—CH; i) H;C—C—CH,CH,CH,

Give an example of a compound which does not have a prochiral

centre.
147
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5. Assign the configuration to C-3 carbon atom of the following compound:
Cl
|——Br
H——OH
|——Br
cl

6. What descriptors are used to assign configuration to a
pseudoasymmetric centre?

7.  Draw the wedge and dash structures of (i) (S)-alanine and (ii) (R)-lactic
acid.

6.9 ANSWERS

Self-Assessment Questions

1. 10 S
! L
2 3 3 _C.2
©/\JCH3 HyC @
Top face: Siface Bottom face: Re face
Anticlockwise path Clockwise path
from1—>2—3 from1—>2—3
2. mirror
1 1
COOH CooH “COOH
2 2
H—7—O0H HO H rotate by H——OH
3 180°
H—1—OH . HO——H H—2l on
H—4—OH . HO——H H—21 on
i 5
°COOH COOH 'CooH
ribaric acid ' mirror image of (XX)
(XX) (XX)

Rotation of mirror image by 180° in the plane of paper gives (XX) again,
the same compound.

3.  The mirror image of ribaric acid (XX) shown below gives C-2 and C-4
with stereodescriptors as R and S, respectively. In its equivalent form
when the path is traced from 1 — 2 — 3, it is clockwise.

2 COOH
EooH 3
1 4 Ho—1° H S
= =i |- — HO——#
J° = HO——H —
HO—3—H A R
Ho—4—n, HO——H 2
Y COOH H|
> 1
OH
mirror image of 3 3 r) 2
ribaric acid S R
(XX) v
4
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Therefore, stereodescriptor at C-3 would be r. The stereodescriptor for
C-3 of ribaric acid is also small r which you had studied above in Sec. 6.5.

Thus, stereodescriptor for a pseudoasymmetric centre has not changed
when it is reflected through a mirror; hence, we can say that the
stereodescriptors (r or s) are invariant on reflection through mirror.

The prochiral centres are those centres which can be converted to chiral
centres by one single transformation. If two such are chemical
transformations are required then, such a centre is called a proprochiral
centre.

Terminal Questions

1.

D
)
AT C+OH
M 3
H
R-isomer
H,C OH
spy
ethanol aCeHbyD |_||
HSC—Cll—OH
D
S-isomer

Thus, the pro-R and pro-S hydrogens in ethanol are as shown below:

pro-R

Ho

I
H,C—C—OH
I

H
™~ pro-S

i) Enantiotopic; i) Homotopic; iii) Diastereotopic
i) <|3| i) ﬁ
H3C_C_CH2_CH3 H3C_C_CH2CH2CH3

I ] I 1]

prochiral centres prochiral centres

0]

CHs-C-CH,

We have to first determine the configurations of C-2 and C-4 by using CIP
rules.These were as found to be S and R, respectively as shown below:
Cl

I—2Br

H——OH

I—4%-Br

Cl

The above compound can then be written as follows: 149
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3
3
4H——FOH
R
2

Now, again using the CIP rules, as the path from 1 — 2 — 3 is
anticlockwise :hence,the configuration of C-3 will be s as shown below.

m
S R
H——k—OH :

{
wn
=1
!
T

R
rand s.
~ H, cooH M, oH
(i) C< (ii) C(
CH3 NH, CH;  “cook
(S)-alanine (R)-lactic acid

(i) As the groups attached to the chiral centre in alanine are COOH,
NH,, CH3; and H; their priority order is NH, > COOH > CH; > H

For S configuration, these groups are to be arranged and placed in
anticlockwise path from 1 — 2 — 3. The H can be placed at the

backside being the last in the priority order.
4

2
H, __,COOH
3

Hence, the above structure.

H@ anticlockwise — S configuration
CHy NH,
1

(i) rgument as in (i) above give the structure of R-Lactic acid as shown

above.



Ny UNIT 7

ASYMMETRIC INDUCTION

Structure

7.1 Introduction 7.4 Qualitative Correlation between

Conformation and Reactivity
Expected Learning Outcomes

) 7.5 Curtin-Hammett Principle
7.2 Cram’s, Prelog’s and Felkin-

Ahn Model 7.6 Summary
7.3 Dynamic Stereochemistry — 7.7 Terminal Questions

Acylic and Cyclic
7.8 Answers

7.1 INTRODUCTION

After having the basic understanding about the topicity, stereogenicity and
prochiral centres from Unit 6, you are now well equipped to have a deeper
knowledge about how the stereochemistry in different types of reactions
governs the course of the reaction and the products formed in them.

We will begin this unit with a discussion on asymmetric induction. Asymmetric
induction means the formation of one enantiomer or diastereomer in
preference to the other under the chiral influence which may be a chiral centre
in the substrate or a chiral reagent or a chiral catalyst. We will describe here
Cram, Prelog and Felkin-Ahn models which explain how the presence of a
chiral centre near the carbonyl carbon directs the incoming nucleophile in the
nucleophilic addition reactions.

Then, dynamic stereochemistry of both acyctic and cyctic systems will be
explained by taking the examples of different types of chemical reactions. It
would be interesting for you to know that even different conformations of a
compound can have different reactivities. This will be illustrated by correlating
the conformations of some substrates with their reactivities.

Finally, Curtin-Hammett principle will be discussed which explains about the
composition of products when conformational isomers in equilibrium undergo a
particular reaction.
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Expected Learning Outcomes

After studying this unit, you should be able to:
™ define asymmetric induction;

™ explain Cram’s rule and predict the major product of a reaction using this
rule;

™ describe Felkin-Ahn model and use it for predicting the stereochemistry
of the product obtained;

™ explain Burgi-Duritz angle;

™ discuss Prelog’s rule and its use in determining the configuration of
alcohols;

™ differentiate between stereospecific and stereoselective reactions and
give their examples;

™ llustrate conformationally rigid and conformationally labile systems;

™ appreciate how different conformations of a compound can yield different
products and predict the major and minor products; and

™ describe Curtin-Hammett principle.

7.2 CRAM’S, PRELOG’S AND FELKIN-AHN
MODEL

Asymmetric Synthesis

You have already studied about resolution of racemic mixtures to obtain
optically pure (active) compounds. Another method to get optically pure
compounds is asymmetric synthesis which yields one enantiomer or a
diastereomer in preference to the other.

Asymmetric synthesis could be partial or absolute depending upon whether
optically active compounds available in nature are used or not.

One example of partial asymmetric synthesis involving carbonyl compounds is
the conversion of unsymmetrical keto compounds either by (i) reduction to
secondary alcohols or by (ii) reaction with Grigrard reagents to yield tertiary

alcohols.
Cl)H ﬁ (le
R—C—R' ged[:J_'c]tlon R—C—R' _R™MgX R—C|3—R'
unsymmetrical "
H ketone R
a secondary alcohol a tertiary alcohol
(chiral) (chiral)

If a chiral centre is already present in the substrate, it causes asymmetric
induction to yield two diastereomers in different amounts. Several empirical
152 rules/models were proposed in 1950’s which correlate the configuration of the
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newly created chiral centre (in the predominant diastereomer) to the one
already present in such a substrate. The rules or models took into
consideration steric and electronic factors.

These rules are Cram’s rule, Prelog’s rule and Felkin-Ahn models. Let us
study them one by one.

(i) Cram’s Rule

After studying a large number of known reactions , D. Cram in 1952 proposed
this rule based on steric considerations. According to this rule, for nucleophilic
addition reactions of ketones having a chiral carbon attached at Dposition to
the carbonyl group, three groups attached to the chiral centre can be labeled
as S, M and L for small, medium and large sized groups.

The preferred conformation for attack by nucleophile will be the one which is of
least energy. In this conformation, the carbonyl group would be positioned in
such a way to occupy a place between small and medium groups, as shown

below:
0]

AN

L
R

Then, the attacking nucleophile would prefer to come for addition to the
carbonyl carbon from the side of small group (S) because of lesser steric
hindrance. Therefore, two products would be formed out of which one would
be major. Thus, for the addition of C¢HsMgBr to the aldehyde, I, threo product
would be the major product,

H, C6H5 H, 9
30—/-4< CeHsMgBr —>  H3C 7T‘ OH + H3C—' TCBHS

CeHs CeHs H C6H5 H

S major product minor product

( )H 0 CH, 80% 20%

™ (threo) (erythro)

Nu

CH L)

(CeHs) HC H

6''5

preferred direction of
attack from the side of
small group

But, when ketone Il was taken as the starting material and reduced with

LiAlHg4; the nucleophile, H , attacks from backside, i.e. the side of the small
group, H and we get the erthyro product as the major product.

_ (LAH, Hc? o H, \\\OH
H3C7 i) di. H,S0, HC= T‘OH + Hsc—_TH
CeHs CeHs CeHs  CeHs CHs  CoHe
I (erythro 80%) (threo 20%)
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Now, though the major product has changed in case of ketone Il, but the
Cram'’s rule is still followed because the nucleophile attacked from the side of
the small group. This model was also called open-chain model.

The reason argued for this model was the complexing of metal ion (Mg of
RMgX and Al of LiAlH,) with oxygen of carbonyl carbon, to make it the bulkiest
group resulting in its placement between small and medium groups as shown

below:
Br_
Mg
| oA
0]
Hk CHgj H KA CHj

small small

group group
RCSH5 CgHs

CeHs

654

Show the attack of nucleophile (LiAlH,;) on ketone Il and the formation of
products thereof.

654

Do you notice any unfavourable situation in the nucleophilic attack of LiAlH,4
on ketone 11?

A rigid model was proposed by Cram when the compounds contained a
hydroxyl or an amino group attached to the chiral centre D to the carbonyl
group. In such a situation, the organometallic reagent coordinates with both
the oxygen of the carbonyl group and that of the OH (or N of NH,) group.

R
M/
Mg
o X
s
~ OH
Nu
L
R

This fixes the conformation and again the Nu adds from the side of the small

group. The resultant products are explained well by open chain and rigid

models in case the —OH /or —-NH, groups are medium sized as compared to

the other two groups. But if these groups are the V P D O Qrblugaivthen rigid
154 model correctly gives configuration of the major product.
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A dipolar model was suggested by Cram for compounds in which a strongly
electronegative group such as a halogen group is present at the carbon [to
the carbonyl carbon. The C—X and C=0 are placed anti to each other in such a
situation as shown below to minimise the repulsions between them. Here,
again the nucleophile adds from the side of the small group to yield the

product.
O’/M\ . L
L \y HO R
R —
A — "
RX R

But Cram’s model could not satisfactory explain the reduction of
cyclohexanones and also the following trend in the product ratio when R group
was made more and more bulky in the ketone, as pointed out by Felkin in

1968.
i
C Li . The syn and anti
~ iAIH, reduction
HSCG/Y R : > Product respectively, denote
H\\ Ratio that the two groups are
CH; a
anti : syn present on the same
R = CH, 28:74:26 side a:d o.r;the
opposite side.
= CHs 32 : 76:24 PP
=i C4H, 5.0 : 83:17
= tert-butyl 49 : 98:12
S Q M
H CHj,
attack of Nu
_—> Product
from the side of
CeHs R small group

L

Cram's model

According to the Cram’s model, the increase in the bulk of the R would lead to
increased repulsions between R and CsHs group which is the large group;
hence, stereoselectivity of the reaction should decrease. But, as you can see
in the data, the ratio of anti product increased with the bulk of R.

To explain the above observations, Felkin proposed a model called Felkin
model. Let us understand it in a little more detail.

(i) Felkin Model

Felkin proposed that the conformation having the large group should be
perpendicular to the carbonyl group and not in anti-periplanar position as was
the case with Cram’s model. This would avoid the ecliptising of R with L group.

Thus, the following two major or reactive conformations will arise when L is

perpendicular to the carbonyl group. 155
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3 Nu
S \ M

(0] R or R o
M QS

l Nu L

L

|
HO R
M S

Nu

Another way of looking at the molecule is shown below by its rotation by 90°.

O Interconvertible by 0
M rotation of S, M, L _S
roups
L group > L— “nu
e y
R R

Which side will the Nu attack? Here, again the attack from the side of the small
group is favoured. And, first possibility gives the major product.

M H
Nu L
R

major product

Clearly, in the second situation, M group and Nu will have repulsive
interactions and this would not be a preferred arrangement.

Felkin model was also not satisfactory when R=H i.e., in case of aldehydes.

An improvement over the above is known as Felkin-Ngugen (Felkin-Ahn)
model which suggests that the attack of the nucleophile takes place at 109 g
angle with respect to the plane of the carbonyl carbon and this is known as
Burgi-Dunitz trajectory.

Nu Burgi-Dunitz

\ - trajectory

109°
-

It is an extension of Cram’s rule. It correlates the configurations of chiral
alcohols and Shydroxy acids.

(iii) Prelog’s Rule

Consider the Bketo ester shown below in which the alcohol portion contains
three groups-small, medium and large, denoted as S, M and L, respectively.
The two carbonyl groups are anti- periplanar.
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i
C (0] L
R/ \C/ \C.,/

b o

alcohol part
DBketo ester

If Grignard reagent, R BMgX reacts with Sketo ester, then in the conformation
having

@)

I
—C (o] L
\C/ \C/

I
0

porition of the molecule in a plane, R avould have a choice of attack on the
carbonyl carbon, i.e., either from side of M (from backside) or from side of S
(from front side).

You already know that there are two diastereotopic faces present in a carbonyl
compound. But, similar to Cram’s rule, the approach of R drom the side of
small group, S, would be sterically less hindered and hence, preferred to give
the product which on hydrolysis gives Shydroxy acid as shown below:

0]
(0] L , L
R O S M ™
lhydrolysis
COOH
R' OH
>\ = HO R'
R COOH R
bBhydroxy acid

As the asymmetric centre, inducing asymmetry in case of Gketo esters, is at a
large distance from the carbonyl group; the induction could be poor, i.e., the
preferred product, though formed as a major product, would not be having
great difference in amounts as compared to the minor product.

Thus, we can conclude that the configuration of the Sketo ester (or the
DBhydroxy acid formed as the product) is correlated with the alcohol moiety
present in the ester. Hence, configurations of various alcohols (secondary and
tertiary) could be assigned using this rule. Generally, PhMgBr is used as the
Grignard reagent and pyruvate ester of the alcohol is used for configuration
determination.

Il
H,C—C—C—OH

pyruvate acid

H,c—C—C—O0

pyruvate

H,c—C—C—O0—R

pyruvate ester
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7.3 DYNAMIC STEREOCHEMISTRY-ACYCLIC
AND CYCLIC

After discussing different models which help us in understanding the preferred
direction of the attack by the nucleophile, we will focus our attention on
dynamic stereochemistry in this section. Dynamic stereochemistry mainly
deals with the influence of spatial structures of molecules on the reaction rates
and on the direction of reactions. It also includes reactions which are
specifically directed to synthesise the molecules with a particular
stereochemistry.

To appreciate the dynamic stereochemistry, you should have the basic
knowledge about various types of reactions which you have studied in your
earlier classes. You may be already familiar with stereochemical aspects of
some of these reactions. Here, we will briefly describe different types of
reactions and their stereochemical aspects. We will consider examples from
substitution and addition reactions .

But before we actually take up this discussion, you must also be familiar with
two more terms with reference to the product formation when we start with
specific steroisomers. These are stereospecific reactions and
stereoselective reactions.

(iy  Stereospecific Reactions: These reactions yield a single isomer as the
product; and the two different stereoisomeric starting materials, say
diaseteromers ,give two different products. For example, if we have two
diastereoisomers A and B and do a reaction separately on them; then A
gives X as the product while B gives Y as the product.

A—> X
Diastereoisomers

B—> Y

Then, such a reaction is called stereospecific reaction. In such
reactions the mechanism of the reaction controls the stereochemistry of
the product formed and there is no choice or option for A * xo Y or

B ¢ x 0 X reaction.

We will also illustrate such reactions when we will consider different
types of reactions in this section.

(iiy Stereoselective Reactions: In such reactions, two products are formed
from a single starting material and one product is a major product and
the other one is minor product or may form in trace amount also. For
example,

A——> P + Q
(major) (minor)

The basis of formation of two products in the different amounts is that
there is an option in the reaction pathway or the mechanism, i.e.,
the reaction pathway could be either-
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(i) kinetically controlled in which case the pathway of ORZH U
DFW LY B prvdfdrr€d and this leads to that product asthe PDM R U
S U R GWHicWis formed IDVWHU

or

(i) thermodynamically controlled in which case the PRUH VWDEOH
product is formedasthe PDMRU SURGXFW

Under VWHUH RV HO H F W,lwé darLfiiitber HéveR Q V
X susbstrate selectivity, and
x product selectivity.

When two substrates, say, two enantiomers (or diastereomers) are present in
the starting material and only one such substrate reacts with the reagent; then
there is substrate selectivity. For example, in reactions involving enzymes, the
reaction takes place between the enzyme and only one of the sterecisomers.

On the other hand, the product selectivity occurs when the substrate reacts

with the reagents, solvent or catalyst in different ways to give two different

products which could be diastereoisomers or enantiomers. When two different

products formed are G L D VW H U,Hhie re&ttiovt is called GLDVWHUHRVHOHFWLYH
and in case theyare HQ D Q W L,Rhe keakton is called HQDQWLRVHOHFWLYH

With this background in mind, we will now analyse different reactions for their
stereochemistry involved in the context of the products obtained.

Let us start with the nucleophilic substitution reactions which are very
familiar to you. From your knowledge of such reactions from the earlier
classes, you know that

X  Sn1 reactions proceed with racemisation, and

X  Sn2 reactions proceed with the inversion of configuration at the
stereocentre or chiral centre.

In the Sy1 reaction, in step 1 the intermediate formed is a carbocation as
shown below:

Step 1
H
H L I,
y — C.
", /7
H,C CoH5 HsC CoH5
reactant carbocation
Step 2
H Nu H H Nu
Nu./N |+IZ-\NU. \ / \ /
/C. _— /C, + C,
H3C CaoHs H,C "CyHs H3C/ “CoHs

\ products /

enantiomers
159
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Remember that Sy1
reactions happen in
two steps while Sy2
reactions occur in a
single step.

160

As there is equal probability of attack by the nucleophile, Nu from both the
sides of the carbocation; in Step 2, the nucleophile attacks the carbocation
from both the sides and two enantiomers are formed in equal amounts leading
to a racemic mixture as the product.

But, in Sy2 reactions the Nu and the leaving group form a five membered

transition state (by backside attack of Nu with respect to the leaving group)
which yields inversion of configuration in the product as shown below.

H H H
Nu./’N\ |
. Ctlz_ —— | Nu “'C""H2 —> Nu— “yy
<l oHS \ 'CoHs
C,Hs Me 25 Me Hj
reactant/substrate five-membered product

transition state

Such an example of an Sy2 reaction is shown below:

OTs H
H,. OAc, Bu,N* Ao,
) : .
CH3CH2 CH3 DMF CH3CH2 CH3

(S) (R)

And, if we start with the reactant having R configuration as shown below, we
get the product having S configuration.

OoTs ,H . H OAc
//< OAc, Bu,N /<
- > y
DMF
CHyCH, ™ CHyCH, CHe

(R) (S)
Thus, we can say that Sy2 reactions are VW H U HR Vi8S hbkutd. L F

Now what about Sy1 reactions? Since, both enantiomers were formed in equal
amounts and there is no stereochemical preference observed in the product;
we can say that in the Sy1 reactions, there is no stereochemical control.

Let us now take the example of addition reactions.
A simple case is that of addition of Br, to cis-2-butene and trans-2-butene.

In case of cis-2-butene, the cyclic bromonium is obtained by addition of Br, on
either of the faces, i.e., the top face or the bottom face since both the faces
are the same in this case.

This is followed by nucleophilic attack of Br to the cyclic bromonium ion. The
two options- (i) and (ii) are available for the attack from the bottom, since the
addition is an anti- periplanar.

In case of (i) when the Br attacks from bottom face, the product obtained after
opening of the ring is A. You can see that the two Br atoms are trans in the
product. What would happen if Br attacks on the other carbon of the cyclic
bromonium ion as shown by path (ii)? Again, the anti addition would lead to
trans position of two Br atoms with respect to each other as shown in product
B. Therefore, both products are formed in equal amounts.
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Br
CBI‘
EI5 H
r
)
Hs
CH,
cis-2-butene
Br
H
CH,

Can you now see any relation between A and B?
These are enantiomers.

Similarly, in case of trans-2-butene, the addition of Br,, via the cyclic
bromonium ion yields products C and D, as shown below:

Br
Br CH
S ’
$
CH; C
+
H CH,
trans-2-butene
Br
CH
® H
D

But, in this case, the products C and D are not two different compounds. They
are the same and it is meso-2,3-dibromobutane.

Thus, the addition of Br, to 2-butene is stereospecific as the two different
diastereomers have led to specific products which are as follows:

X cis-2-butene gives a racemic mixture of 2,3-dibromobutane, and
X trans-2-butene gives the meso compound,i.e. meso-2,3-dibromobutane.

Similarly, we can explore for elimination and other reactions.

7.4 QUALITATIVE CORRELATION BETWEEN
CONFORMATION AND REACTIVITY

Having studied some aspects of dynamic stereochemistry for different types of
reactions in the last section, you may be curious to know what will happen in
case different conformations of a compound are possible. Will different
conformations react differently and lead to same or different products, and if
different products are formed -which will be the major product? We will find the
answers to such questions in this section.

The knowledge of these aspects of reactions is very important as we will be
able to use such knowledge in carrying out different reactions to obtain the 161
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desired product(s) as the major product(s). Thus, the effect of conformations
on reactivity is a very important aspect in the stereochemistry of the reactions.

You have already studied about the conformations of cyclohexanes, decalins
and related systems in Unit 3 of Block 1 of this course.

The correlation of conformations and reactivity can be understood in a simpler
way if we classify substrates or the reactants into the following three types:

Substrates or
Reactants

!

A4

Conformationally
rigid
diastereomers

Conformationally
mobile
diastereomers

!

Substrates with
two or more
conformers

As the tert-butyl
group preferably
occupies the
equatorial position,
this isomer is present
in 10,000:1 ratio as
compared with the
axial tert-butyl isomer.
Such systems are
called
conformationally
biased anancomeric
systems.
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Let us understand each of these systems in detail.
1. Conformationally Rigid Diastereomers

One such example of conformationally rigid diastereomers is that of trans-
2 [decalol and trans-2 Edecalol. You can see in their structures shown
below that in Adecalol, the OH group occupies the equatorial

H H
trans-2 D-decalol trans-2 E£decalol

position while in £decalol, it occupies the axial position. Such
stereoisomers are clearly diastereomers. As the two cyclohexane rings
are joined together in trans fashion, the above two diastereomeric
decalols cannot interconvert and such systems are conformationally
rigid systems.

Now, we can study the rates of reactions of the OH group in such a
system and analyse which diastereomer reacts faster and why?

When acelylation of OH group was done in the two diastereomers,
it was found that trans-2 2decalol reacts much faster than
trans-2 Edecalol.

Another such system in which the axial and equatorial groups are locked
in rigid fashion is a cyclohexane system in which a tert-butyl or any other
bulky group is present at 4-position. Two such 4-tert-butylcyclohexanols
are shown below:

" OH
R OH H3C\ H
—
HC™ | Hac—¢
HiC  H HaC

trans-isomer
( OH and tert-butyl groups are
trans to each other)

cis-isomer ( OH and tert-butyl
groups are cis to each other)
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Again, if acetylation of the above two compounds is done at the OH

groups, the first compound, the trans isomer which has OH group at

equatorial position reacts much faster than the second one in which the
OH group occupies the axial position.

So definitely, there is a relationship between the conformations of the
compounds and their reactivities. Similarly, other reactions of the OH
group also proceed faster for the diastereomer with the equatorial OH

group.
Let us next consider the second type of substrates.
2. Conformationally Mobile Diastereomers

For such systems, the relative specific rates of the reactions of the two
diastereomers depend on the corresponding rates of the conformers and
their population in the equilibrium mixture.

Let us consider the two diastereoisomers of 2,3,4-triphenylbutyric acid,
shown below as threo and erythro isomers.

'CoOH 'cooH
CgHs—2+—H CgHs—2—H
H——CgHs CgHs—3—H

“CH,CgHs CH,CgHs
threo erythro

4

The preferred conformations of these WZR G L DV W hobl ¢yétigatibd V
with HF yield two different products as shown below.

0
COOH
H __CH,C¢H; CB%?I:{%::[::::}
HF
_
CeHz H
C6H5

CGHS
threo tetralone
(0]

COOH C.H

H CgH 6 15

% b
_
CeHsg H
CH,CHs CgH5CH,
erythro inadnone

3. Substrates with two or more conformers

For such substrates, the overall specific reaction rate (k) depends upon
the specific reaction rates of the conformers and the ground state
population of the conformers, i.e.
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N v\:\QN Me specific reaction of conformers

mole fraction of the [" conformer

This equation is applicable when interconversion of conformers is much
faster than the reaction.

Further, conformers could be

i) homomeric — behave identically with respect to the rate of the
reaction and product formed.

i) enantiomeric — behave identically under achiral conditions but
differently under chiral conditions.

iii) diaseteromeric — behave differently always.

Thus, when the products obtained from equilibrating conformers are non-
equilibrating, then the products could be related to the reacting
conformers. The enantiomeric and diastereomeric conformers need to be
considered.

The achiral 4-methylcyclohexanone, on reaction with optically active
2-isooctyl nitrite yields 2-oxyimino derivative which has one enantiomer
present in the predominant form.

0]

NOH
* etz CH—CHy ——>
0—NO

achiral chiral enantiomer
obtained in
larger amount

This is so because the methylene groups at C—2 and C-6 are enantiotopic
and these react with the chiral compounds at different rates leading to the
formation of one enanitomer in larger amount than the other.

654

Write the structure of the other enantiomer of the 2-oxyimino derivative which
is formed in the smaller amount.

654

Why is 4-methylcyclohexanone achiral?

164
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The two conformers of malic acid are shown below which are in equilibrium.

COOH
H,——H;
HO—r—H
COOH
/ malic acid \
HOOC Hy
COOH
)"H Hgﬁ c "2 OH /\—COOH
HOOC——\ e HOOC\(
H HOOC HOOC
maleic acid fumarlc acid
antlperlplanar
H and OH

On dehydration, the two diasteromers, maleic acid and fumaric acid are
formed; therefore H; and H, in the reactant malic acid are diastereotopic.

You will next study about Curtin-Hammett principle which gives the
quantitative aspects of such equilibrating conformers leading to two different
products which are Q RiMéquilibrium.

7.5 CURTIN-HAMMET PRINCIPLE

The quantitative aspects of conformation and the reactivity are explained by
the following:

(i) Curtin-Hammet principle and (ii) Winstein-Elliel rate equation.

&XUWLQ +DPPHW Mrr8atds @€ hr8dddd distribution with the
transition state energies formed by the two conformers while Winstein-Elliel
rate equation correlates the overall specific reaction rate, k, of the given
substrate with the specific reaction rate of the individual conformers.

Here, we will discuss only the Curtin-Hammett principle as the Winstein-Elliel
rate equation is beyond the scope of discussion of this Unit.

Let us consider a substrate S, which can exist in two conformers A and B
which are in equilibrium, as shown below.

s
K /k\
k2

Now each of these conformers A and B reacts to give the products C and D,
respectively which are not interconvertible. The rate constants (k) for the
above changes are mentioned on the respective arrows. For such situations,
the product composition is not in direct proportion to the relative concentration
of starting conformers A and B but depends only on the difference in free
165
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In case, k¢ and kp are
far greater than k;
and ks, this means
that the ratio of A and
B is not changing
while the products C
and D are being
formed. This is called
kinetic quenching
sincethe A —B
interconversion has
stopped.

In another situation
when the magnitude
of ke and kp is same
as kq; and ky, then the
equilibriumis Q RW
being maintained and
hence Curtin-
Hammett and
Winstein-Eliel/Holmes
equation do not apply
in their usual form.

{Sav]

energies of the transition states, provided that the rates of reactions for
product formation ke and kp are much slower than the rates of conversion of
conformers, k; and k,. Thus, we can write

Bl K
(Al ko

And, k; and k; are much larger, i.e., at least 10 times more than k¢ and kp.

We can represent the free energy diagram as shown below:

=+
=+ ;
(77‘ AA(]

Free energy— >

Reaction coordinate ——>

Fig. 7.1: Free energy Y Vreaction coordinate.

Thus, the product ratio, C:D will not depend upon the concentration ratio of the
L} :t . .
starting conformers [A] : [B] but on the difference, G ,i.e. difference between
1 ~F v ~F
free energies S and Co , of the transition states.

Now four different possibilities will exist for which conformer will give the major
product. These are as follows:

1. More stable conformer giving the major product provided the rate of
reaction of more stable conformation is higher.

2. Less stable conformer giving the major product provided the rate of
reaction of less stable conformation is higher.

3. More stable conformer giving the major product when rates of
reactions of two conformers are comparable.

4. When both conformers are equally stable and are present in equal
amounts; then the major product would be one having lower free energy
of activation.

Let us study these situations in more detail.

1. The energy profile shown in Fig. 7.2 represents this situation in which the
v~ F
transition state energy ("S¢) of the PRUH V Wdbferéét, which is A in
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this case, (because of its lower energy) is O R ZtHad that of the transition
state energy of B, Gy . So, C will be forming as a major product.

=
Gy

Free energy— >

Reaction coordinate ——
Fig. 7.2: Free energy Y Mreaction coordinate.

Let us compare this figure with that for that of Case 2 as shown below in
Fig. 7.3.

Free energy— >

Reaction coordinate ——

Fig. 7.3: Free energy Y Vreaction coordinate.

As the product D is being derived from the less stable conformer (B, which is
of higher energy than A), it is formed in major amount because its transition

state energy |s lower than that of A which is 'Gg .

Consider the dehydrohalogenation reaction of 2-bromobutane. Its two
conformations in equilibrium are given below in which the two groups to be lost

are shown anti to each other.

H CH Br
ST H CH3 U - CHs
| | gauche R | |
/C\ ’ interactions E— o
H CHjy H CHj HaC Y
cis-2-butene H trans-2-butene
C A B D

If we compare the two conformers, in the first one, A, the two methyl groups
are close to each other and there are gauche interactions between them. Such 167
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interactions are not there in the other conformer, B, as the two methyl groups
are for apart from each other. Thus, the first conformer will be having higher
energy and lower proportion as compared to the second one. Also, the
transition state would also be of higher energy for I and than for II. This is
shown in Fig. 7.4 below.

Freeenergy— >

Reaction coordinate ——

Fig. 7.4 Free energy Y Meaction coordinate.

Thus, as the transition state free energy is lower for the second conformer
which is also the more stable conformer,, the major product is the product
obtained from second conformer. Thus, trans-2-butene is formed in major
amount i.e., 80% while the cis-2-butene constitutes 20% of the product. Thus,
in this case major product is resulting from the stable conformer.

An example of situation 2 where less stable conformer leads to the formation
of the major product is that of quaternerisation of tropanes as discussed
below.

Tropane is a bicycle amine in which a pyrrolidine and a piperidine ring share
one nitrogen atom and two carbon atoms.

tropane

piperidine pyrrolidine

When tropane is drawn in a little different orientation,its two conformers can be
shown which are in rapid equilibrium. In the the less stable conformer of

W:sCHB
N

B rapid 13
CHyl _interconversion _ o
fast

piperidine side
(less hindered

maijor product less stable more stable ~ side) minor product
conformer conformer

/CH3 QN/CHB HaCo_ 0 H3C\ /CH3
N

Tropane, the methyl group occupies the axial position of the piperidine moiety
and the piperidine side is sterically more hindered and therefore it is the less
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stable conformer. But when the reaction is carried out with "*CHjl, the less
stable conformer gives the PDM R U S WhRiGreaEt8\faster. This indicates
that the transition state in which the attacking group approaches from the less
hindered side of the piperidine side is preferred over the other possibility in
which the attack in the more stable conformer from the more hindered side
takes place.

Let us take the case of N-methyl-4-tert-butylpiperidine which can exist in the
following two conformers:

s o 9
+
N N N—
CHs \07 H0, CHs Q CHs CHs
HaC < HsC HaC
HsC CHj CHs

minor product less stable conformer more stable conformer
l H202 -
o
,L+
~
CHg CHs
HsC
CHj

major product

Here, the more stable conformer is the one in which the methyl group and the tert-

butyl group occupy equatorial positions.

When oxidation reaction of N-methyl-4-tert-butylpiperidine is carried out using
H,O; in acetone, the axial 1-oxide is the major product and the ratio of major
to minor products is 95:5. Note that axial N-oxide means that oxygen is
occupying the axial position which was the case in the more stable conformer.
Here, as the electrophile is less bulkier, it is assumed that the two conformers
are reacting at the comparable rates.

654

Draw the energy profile for the conversion of N-methyl-tert-butylpiperidine to
its N-oxide.

Lastly, we shall see what happens when both conformers are equally stable.
This would lead to their equal amounts of the starting conformers. In such a
situation, the major product would be the one which would be having lower
free energy of activation. The free energy profile for such a system is shown
below.
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Free energy ——

Reaction coordinate ——

Fig.7.5: Free energy Y Vreaction coordinate.
You can easily predict that D will be the major product in this case. The
formation of epoxide from trans-2-halocyclohexanol conformer can be
explained as follows.

Ay /
trans form (diequatorial) L/ \‘O'
O\H
OH trans form
(diaxial)

No reaction as the geometry OH
is not suitable in this
conformation for reaction

Both are trans-one is diequatorial (first one) and second is diaxial. Though
diequatorial is more stable, but geomtry is not favourable for the reaction. Both
the conformers do not have same population. The first one is more stable and
hence, its concentration is higher but the reaction of diaxial form shifts the
equilibrium to its side.

A discussion about the Curtin-Hammett principle given so far limits quantitative

aspects in the sense that 'G* which is the difference in the energy levels of
the transition states cannot be determined experimentally. Hence, more in
depth studies suggested that the better or modified form of Curtin-Hammett
principle should take into account the equilibrium constant of the starting
conformers, rates of their respective reactions in k¢ and kp terms and b Gi.

7.6 SUMMARY

In this unit, you have learnt that

x  According to Cram’s rule, for nucleophilic addition reactions of ketones
having a chiral carbon attached at Dposition to the carbonyl group, three
groups attached to the chiral centre can be labeled as S, M and L,
respectively for small, medium and large sized groups. The preferred
conformation for attack by nucleophile will be the one which is of least
energy.

x  Arigid model was proposed by Cram when the compounds contained a
hvdroxvl or an amino aroup attached to the chiral centre £ to the
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carbonyl group. In such a situation, the organometallic reagent
coordinates with both the oxygen of the carbonyl group and that of the OH
(or N of NH,) group.

x  Adipolar model was suggested by Cram for compounds in which a
strongly electronegative group such as a halogen group is present at the
carbon Oto the carbonyl carbon. The C—X and C=0 are placed anti to
each other in such a situation.

x  Felkin model proposed that the conformation having the large group
should be perpendicular to the carbonyl group and not in anti-periplanar
position as was the case with Cram’s model. as shown below to minimise
the repulsions between them.

x  Prelog’s Rule is an extension of Cram’s rule. It correlates the
configurations of chiral alcohols and Shydroxy acids.

X  Dynamic stereochemistry mainly deals with the influence of spatial
structures of molecules on the reaction rates and on the direction of
reactions.

x  Stereospecific reactions yield a single stereoisomer as the product, i.e.
the two different stereoisomeric starting materials give two different
products. Sy2 reactions are stereospecific in nature.

X  In stereoselective reactions, two products are formed from a single
starting material and one product is a major product and the other one is
minor product or forms in trace amount.

™ When two substrates, say, two enantiomers (or diastereomers) are
present in the starting material and only one such substrate reacts
with the reagent; then there is substrate selectivity.

™ When two different products formed are diastereomers in unequal
amounts, the reaction is called diastereoselective and in case they
are enantiomers, the reaction is called enantioselective.

x the effect of conformations on reactivity is a very important aspect in the
stereochemistry of the reactions.

x  The quantitative aspects of conformation and the reactivity are explained
by :

(i) Curtin-Hammett principle and (ii) Winstein-Elliel rate equation

x  Curtin-Hammett principle correlates the product distribution with the
transition state energies formed by the two conformers.

7.7 TERMINAL QUESTIONS

1. (i) Write the structure of the hydroxy acid produced when pyruvate ester
of an asymmetric alcohol reacts with C¢HsMgBr and the product so
obtained is hydrolysed.
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(i) What are the common and IUPAC names of this acid?
(iii) Write the S and R configurations for the above acid.

2. (i) Predict the major product when the following ester reacts with CH;MgX.

(ii) Will there be any minor product? Give its structure also.

3. Which of the following will react faster in a substitution reaction with '?%|?

1127

1127

or

C(CHa)s C(CHy)s

I II

4. Using dipolar model, predict the product of reduction of any of the
following enantiomeric compound using NaBHj,.

ﬁ (|32H5
(:3++7‘_(:‘__(ff1
Cl

5. Draw the Newman projection for the major and minor products and also
predict the side of attack when S-3-phenylbutanone is reduced using
LiAIH,.

7.8 ANSWERS

Self-Assessment Questions

1. O
H CH
(S)\ (|\/|)3
H CgHs
CeHs (L)

Products formed are as follows:
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H
2 O (i) LIAIH, Hc \\\H H,,, \\\OH
—_—>
M= (i) dil. H,S0, H3C"TOH * HsC'- <H
CeHs CeHs CeHs  CeHs CGH5 CeHe
I (erythro 80%) (threo 20%)

NOH

4. A plane of symmetry is present in the molecule which is clearly visible in
the 3D structure of the molecule cutting the methyl group in the middle.

5. The energy profile for the conversion of N-methyl-tert-butylpiperidine to its
N-oxide is as shown below:

T.S

T.S. M?

*
AG

Similar
energy
required

Free energy————

A minor product

N-axial oxide
(major product)

Reaction coordinate ————>

Terminal Questions

1. (i) COCH COOH
HO—Cli—CGHs or C6H5—C|3—OH
CHj CHs

(i)  Atrolactic acid, 2-hydroxy-2-phenylpropanoic acid.

173



Block 2

Stereochemistry Il

174

(iii) 2 5
COOH COOH
1 3 3 1
HO+C6H5 C6H5 OH
i G
R S

(iy Here, CH; will attack from the backside, i.e., the side of H group of
alcohol moiety of the ester according to the Prelog rule to yield the
following major provide.

HiC_ CHy
HO_  CHs N
c___Oo_
CHY \ﬁ/
U H
CHg

(iii)

Il; as the transition state in both the cases would be same and Il is less
stable than I.

A
0] H CyHs
H
C,Hs yZ o H H
Cl
Cl "
C3H7 C3H7
(0]
HaC 0 H
H; CeHs  or  cuH— -
! H
CH, CHCHs
favoured not favoured
() LA, (i) |_iA||-|+4
(ii) H;0" (i) H30
HsC OH HO H
H CgHs CeHs H
H CH, HaC CH,

major product minor product
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02/(&8/$5 ',6<00(75<
$1' &+,5237,&%$/ 3523(57,(6

6WUXFWXUH

L (QWURGXFWLRQ 2FWDQW 'LDJUDPV
([SHFWHG /HDUQLQJ 2XWFRPHNWOLFLW\
/[LQHDU DQG &LUFXODUOVRRIOPDUEXAEH

I L 3 K  WgssoLFDWLRQ RI 25' DQG &' WR
&LUFXODU %LUHIULJHQBMDRBWXUDO DQG 6WHUHRFKHPLFEDO
&LUFXODU 'LFKURLVP  3UREOHPYV

2SWLFDO 5RWDWRU\ "LVSENPPIRWD DQG

&' &XUYHV 7HUPLQDO 4XHVWLRQV
&RWWRQ (IIHFW $QVZHUV

7KH $[LDO +DORNHWRQH 5XOH
,1752'8&7,21

7KLV LV WKH ODVW XQLW Rl %ORFN RQ VWHUHRFKHPLVWU\ DQG GHDO\
GLVV\PPHWU\ DQG FKLURSWLFDO SURSHUWLHV <RX DOUHDG\ NQRZ WKD
PROHFXOHV KDYH GLVV\PPHWULF PROHFXODU VWUXFWXUH 1RZ \RX PX\
WR NQRZ ZKLFK SURSHKWUR S WLUFHD 6 DEHIRBEGDUNAL WY H

RSWLFDO SURSHUWLHVY UHODWHG WR LQWHUDFWLRQ RI FLUFXODUO\ SR
VWUXFWHWHWYWO EH GLVFXVVLQJ WKH FKLERSAMKFDYW SURSHUWLHV VXFK I
ELUHIUL@BWQIFAD O URW D\ R BL GRVGHIW \GLOEW K RV \WRQ L W

7KH FRPELQDWLRQ RI FKIFURSWOQBDCE 50 REBIHIAQXBDHVYH
GLFKUBHDYBY WR FKLURSWLFDO SKRHWQMRRGHRHFWOOHG WKH

7KLV ZLOO EH IROORZHG E\ D GLVFXVVLRQ RQRFGUWDLQ HPSLULFDO UXC
KHORNHWRQH UXOH R FWDUBR ZUX & AJOKGHK ERIVWH OB @K WK H

VLIJQ RI &RWWRQ HIIHFW ZLWK WKH FKLUDO HQYLURQPHQW LQ D PROHF?
EH GHVFULELQJ KRZ WKH VLJQ Rl &RWWRQ HIIHFW UHODWHYV WR DQG LQ
FRQILIXUDWLRQ DQG RU FRQIRUPDWLRQ RI D PROHFXOH RI VSHFLILF F
FRPSRXQGYV

7KH DSSOLFDWLRQV RI 25"\D/QGX & WEOUDYOK ¥ KNRREYO H P V
GHWHUPLQDWLRQ RI FRQILIXUDWLRQ DQG FRQIRUPDWLRQDO VWXGLHYV
GLVFXVVHG LQ WKLV XQLW
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6WHUHRFKHPLVWL

([SHFWHG /HDUQLOQJ 2XWFRPHV —

™

™

™

™

™

™

™

™

™

$IWHU VWXG\LQJ WKLV XQLW \RX VKRXOG EH DEOH WR

GLIIT HUHOQWLDWH EHWZHHQ
H[SODLQ WKHUWXOQPY ELUHIULJHQFH DQG FLUFXODU
G HI L QH 2 5"
GLVFXVYV SODLQ DQG &RWWRQ HIIHFW 25" FXUYHYV
GUDZ DQG H[SODLQ &' FXUYHYV

GHVFULEH VHAPWRBDYVXOWVKDORNHWRQH UXOH DQG R
ZKLFK DUH XVHG IRU WKH GHWHUPLQDWLRQ RI DEVR
FKURPRSKRUHYVY VXFK DV VDWXUDWHG NHWRQHYV

H[SODLQ KHOLFLW\ UXOH DQG GLVFXVV LWV DSSOLF
DEXQVDWXUDWHG NHWRQHV DQG KHOLFLQHV

GLVFXVV /RZHYV UXOH IRU WKH DEVROXWH FRQILJXL
DOOHQHV DQG

GHVFULEH WKH DSSOLFDWLRQ RI 25" DQG &' WR VWU
SUREOHPYV

/[,1($5 $1' &,5&8/%$5/< 32/%$5,6("
[,*+7

,Q 8QLW \RX KDYH VWXGLHG DERXW URWDWLRQ RI SOEL

KD
OoLJ
LPS

W \RX KDG VWXGLWEQHHWUFB DIIMWGWERKE SRODUL]JHG
KW LV WKH OLJKW ZKRVH RVFLOODWHR®Y LWAD KIHO 0Dt
RUWDQW WR XQGHUVWDQG WKH QDWXUH RI ZDYHV D

FOHDU SLFWXUH RI OLQHDU DQG FLUFXODUO\ SRODULVH

/LJKW LV D WUDIQVYHU
HOHFWURPDJQH

yLJ

LQHDU SRODWKWHEOBEYKWLF ILHOG DQG PDJQHWLF IL}
wiSHBSHQGLFXODU GLUHFWLRQV DQG WKHVH GLUHFWLRQ\
GLUHFWLRQ RI SURSDJDWLRQ RI OLJKW 7KLV LV VKRZQ

P
o)

D HOHFWULF DQG PDIJQHWLF FRPSRQHQWY RI D SODQ
HOHFWULF ILHOG YHFWRUV RVFLODWLQJ LQ RQH SODQH



8QLW OROHFXODU 'LVI\PPHWU\ DQG &KLURSW!

7KXV DV VKRZQ LQ )LJ D WKH HOHFWULF ILHOG YHFWRUV DUH RVFI
SODQH DQG VR DOVR DUH WKH PDJQHWLF ILHOG YHFWRUV )LJ E VK
HOHFWULF ILHOG YHFWRUVY DQG WKH PDIJQHWLF ILHOG YHFWRUV DUH RF
RWKHUZLVH WKH\ DUH SUHVHQW

2QH PRUH WKLQJ WR EH FOHDUO\ REVHUYHG LQ )LJ D DQG E LV WK
PDIJQLWXGH RI WKH HOHFWULF FRPSRQHQW RU PDJOQHWLF FRPSRQHQW
VSDFH LQ RQH GLUHFWLRQ RQO\ LW NHHSV RQ LQFUHDVLQJ DQG GHFUF
VLOQXVRLGDO IDVKLRQ VHH ILJ

HOHFWULF ILHOG YHFWRUYV

Al Al
QY <

% \\\~_,/ \ii, \
VLOQXVRLGDO QDWXUH RI ZDYH

yLJ 9DULDWLRQ RI PDIJQLWXGH RI HOHFWULF FRPSRQHQW RI WKH ZDYH L

JHW XV QH[W VHH ZKDW KMLSSHIDW DQ F R GEHRR U H GWAKIDIW W
\RX PD\ UHFDOOWYZIRDWXEKHXD MHVKHUH WKH IROORZLQJ GLIIHUHQW
VLWXDWLRQV DUH SRVVLEOH OHDGLQJ WR YHU\ LQWHUHVWLQJ UHVXOW

L KHQ WKHVH WZR ZDYHV DUH H[DFWO\ DW WKH VDPH SODFH DW WKH
WKHQ WKH PDJQLWXGHY RI WKHLU UHVSHFWLYH HOHFWULF DQG PDJC
VLPSO\ DGG WR HDFK RWKHU WR JLYH WKH UHVXOWDQW ZDYH RI GRX
RI HOHFWULF ILHOG YHFWRU DQG GRXEOH PDJQLWXGH RI PDJQHWLF |
FRPSDUHG WR HDFK RI WKH VWDUWLQJ ZDYHYV

summation of
electromagnetic waves .

two electromagnetic waves .

D E

yLJ D $GGLWLRQ RI HOHFWULF DQG PDJQHWLF YHFWRUV RI WZR ZDYHV DQ(
E 7KH UHVXOWDQW ZDYH KDYLQJ GRXEOH DPSOLWXGHV IRU WKH HOHFWU
PDIJQHWLF YHFWRUYV

LL 'KHQ WKH WZR ZDYHV H[LVW LQ WKH WDIPHUHKIWLRQ RI VSDFH EXW K
GLUHFWILRRWVRQVLGHU DJDLQ RQO\ WKH HOHFWULF YHFWRUV WKHLU
\LHOG WKH UHVXOWDQW YHFWRUV LQ GLITHUHQW RULHQWDWLRQ



%ORFN 6WHUHRFKHPLVWL

As before, the electric fields The electric fields of two
will add like vectors. TT waves will add like vectors.

electric field

)LJ D $GGLWLRQ RI WZR ZDYHWDAH AKHH LR/ RD WSOHF H E
KDYGILIIHUHQW GLUHFWLRQV

LLL &RQVLGHU WKH WZR ZDYHV LQ GLITHUHQW GLUHFYV
ZDYHV PRYLQJ DKHDG RI WKH RWKHU VHH )LJ D

electric field

£ in this situation, one of \/ “I Iy
v L --l II the two electromagnetic \
» waves is moving ahead
ll l}l . of the other wave. f‘ ll’,"
—— |

electric field

electric field

electric field

\\\\\

QA [y electric field
%

electric field

)LJ (OHFWULF DQG ERWK HOHFWULF DQG PDJQHWLF YHFW
LV DKHDG RI WKH RWKHU ZDYH
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LYIfOHFWURPDJQHWLF ZDYH FDQ EH FRQVLGHUH

)LJ

,Q DORWKHU SRVVLEOLW\

LIl WKH RWKHU VHFRQG ZDYH LV DKHDG W

UHVXOWDQW HOHFWULF YHFWRUV RQ DGLWLRQ ZRXOG DSSHDU DV VK

7TKH WZR ZDYHV DUH PRYLQJ LQ RSSRVLWH GL
RWKHU DV VKRZQ LQ )LJ D DQG E

6XFK D OLJKW LQ ZKLFK WKH HOHFWURPDJQHYV
VDPH GLUHFWLR@ QX OmDJMA HEGRQBUR VWV WE& HPL LKW
ULJKW FLUFXODUO\ SRODULVHG OLJKW 5&3/

K UHVSH
$ OLQHDU SROPULVHU
DOORZV XQSROPDULVHG
OLJKW WR SD
DQG WKH RXW Q%%%?Aﬂ
OLJKW LV OLQHDUO\
SRODULVHG URQH L

FLUFXODUO\ SRODULVH OLJKW /[&3/

HOHFWURPDJQHWLF ZDYHYV

KHQ VXFK D OLQHDUO\ SRODULVHG OLJKW SD

DWLRS R
$ TXDUWHU ZDfYH SODWH
VORZV GRZQ KH ZDYH

E\D TXDUWHU
D TXDU\

DWgDQJOH WKH ZDYH ZKLFK LV FRQVLGHUHG
HOHFWURPDJPHWLF ZDYHV RQH RI WKHP LV V

WR EH FRQVLVWLQJ RI
NARZHG GR7ZN E\ D TXDU

FRPSDUHG WR WKH RWKHU DQG WKLV UHVXOW
6R D SKDVH GLITHHRHFEERHWLQ WKH HOHFWURPD
JLYHV FLUFXODUO\ SRODULVHG OLJKW

I1RWH WKDW DV VKRZQULQKWJIFLUF)XODRQOWERO

%LUHIULHIHQHI 1 ZP¥X O

ILUVW REVHU R%j{%FB

5DVPXV %DUW
GDQLVK VFLHQWLVW LQ
LQ FDOFL

o o Vv T o Do

HOHFWULF YHFWRWRRNGWHHWF WQROK K HVW FDVFIX@®D U O\

SRODULVHGBKEBLAKWHFWLRQ RI

Vertical Linear
Polarization

Left Hand Circular
Polarization

Horizontal Linear
Polarization

A Eiectric Field Vector
-

ez
Dirgction of
Propagation of light
i

(b) ()

URWDMQAWDFRRANMAEFWWHILF YHFWRU LV

D 5LJKW DQG OHIW FLUFXODUO\ SRODULVHG OLJKWV VKRZLQJ IL[HG P
HOHFWULF YHFWRU ZKLFK PRYHV LQ D FLUFXODU IDVKLRQ E &KDQJH RI
GLUHFWLRQ RI WKH HOHFWULF YHFWRU RI IL[HG PDJQLWXGHY DQG F $ F
IRUPHG E\ WKH URWDWLRQ RI HOHFWULF YHFWRUV



%ORFN
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$OVR RQ@LUWRWLRIOH HOHFPKDIQFIINMWWRUFLUFXODUO\ SR
OLJKW DQ@QRKKDBJINVLQ WKRI PDK MWHF&HRU VHH )LJ

<RX FDQ VHH )LJ F DQG REVHUYH WKDW D FOHDU Fl1
HOHFWULF YHFWRU URWDWHY DQG WKH IL[HG PDJQLWXC

/IHW XV QH[W VWXG\ ZKDW LV FLUFXODU ELUHIULQJHQFH
EHIRUH WKDW DQVZHU WKH IROORZLQJ 6%4

654

KDW LV WKH GLIITHUHQFH EHWZHHQ FLUFXODUO\ SRODU
SRODULVHG OLJKW"

&,58&8/$5 %,5()5,*(1&( $1' &,5&8/$5
', &+52,60

<RX KDYH MXVW VWXGLHG DERYH DERXW WKH OHIW DQG
KHQ OHIW DQG ULJKW FLUFXODUO\ SRODULVHG OLJKWYV

1DWXUDO OLJK
JHQHUDOO\ X
OLJKW L H DA
DUH HTXDOO\
LQ LW

WX$HULPSRVH D SODQH SRODULVHG ZDYH LV REWDLQHC

)3 ngfv'%GODQH SRODULVHG ZDYH FDQ EH FRQVLGHUHG

sk EEXOPUON SRDULVHG OLJKWY RI HTXDO DPSOLWXGH

"KHQ WKH OLQHDUO\ SRODULVHG OLJKW SDVVHV WKURX.

DV FDOFLWH LWV WZR FRPSRQHQWYV L H WKH OHIW FL
ULJKW FLUFXODUO\ SRODULVHG OLJKW H[KQELQ\GWZR GL
Q 7KLV LV NERUBIDNVQJIHQFH

7KLY UHVXOWY LQ WKH VSOLWW LRQUUGRIP@MIG KW LQWR WZR
HIWUDRUDN\YDAKLFK DUH OLQHUDO\ SRODULVHG DQG DU
ub\ RI VKRUWHU ZDYHOHQJWK FRUUHVSRQGV WR 5&3/ D¢
LV IRU /&3/

7KH 5&3/ FRPSRQHQW ZLOO WUDYHO IDVWHU LQ WKH FKI
FRPSRQIROW IOIHVE WKHBHD@ WKLYV LV WKH FDVH WKH PDWH
GH[WURURWDWRU\ DQG KDV SRVLWLYH VSHFLILF URWDW
URXQG IRU OHYRURWDWRU\ PDWHULDOV

$QRWKHU UHODWHG SKHQRFNQRQ G FRKBUMRM. WX V W

PHQWLRQHG DERXW WKH GLITHUHQW UHIUDFWLYH LQGLF
FRPSRQHQWY RI WKH SODQH SRODULVHG OLJKW 7KHVH
DEVRUEHG WR GLITHUHQW H[WHQWYV E\ WKH FKLUDO PHG
PROHFXODU H[WLQFWLRCQY FREIOMHEHQWVYDO GLFKURLF DI

<RX FDQ VHH )LJ D JLYHQ EHORZ ZKHUH WKH OLQHLEL
7KH OHIW DQG ULJKW &3/ HOHFWULF FRPSRQHQWY DUH |
UHVXOWDQW YHFWRU LV VKRZQ LQ WKH FHOQWUH +RZHY
WKDW ULJKW FRPSRQHQW LV OHVVHU WKDQ WKH OHIW F
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s
"4

7
s s
-
7

C E F

yLJ IDQUAGKRPSRQHQWY ZKHQ WKH\ DUH DEVRUEHG HTXDOO\ UHVXOWLQJ LC
OLQHDUO\ SRODULVHG OLJKW E XQHTXDOO\ UHVXOWLQJ LQ HOOLSWLEFD
OLJKW DQG F HOOLSWLFDOO\ SRODULVHG OLJKW

7KLV PHDQV WKDW WKH 5&3/ LV DEVRUEHG PRUH DV LW LV REWDLQHG
OHIW FRPSRQHQW 7KH UHVXOWDQW HOHFWULF YHFWRU QRZ WUDYHUVH
HOOLSNEFH ZHHBWLBQLFDOO\LSRWRUY \VADG/ ®LIKW

,Q HOOLSWLFDOO\ SRODULVHG OLJKW WKH WLS RI WKH HOHFWULF ILHO
DQ\IL[HG SODQH ZKLFK LQWHUVHFWY DQG LV QRUPDO WR WKH GLUHFW
OLJKW

6LPLODU WR WKH FLUFXODUO\ SRODULVHG OLJKW HOOLSWLFDOO\ SROI
ULJKW KDQGHG RU OHIW KDQGHG SRODULVHG OLJKW 5LJKW HOLSWLFD
VKRZQ EHORZ LQ )LJ

<~
. look from
direction of this side
propogation
)LJ 5LJKW HOOLSWLFDOO\ SRODULVHG OLJKW
JLJ VKRZV RQO\ WKH HOHFWULF ILHOG YHFWRUVY DQG WKH PDJQHWLF
RPLWWHG
F
D¢ olo] [oio
— ) e s "
— ojo O:io

yLJ (OHFWULF DQG PDIJQHWLF FRPSRQHQWY RI D SODQH SRODULVHG OLJKYV
(OHFWULF ILHOG YHFWRUV RV
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6$4

L KLFK FRPSRQHQW ZLOO WUDYHO IDQWHOHWVWKH F
WK RQQ"

LL KDW NLQG RI D PDWHULDO LV VXFK D FKLUDO PHG

237,&%/ 527$725< ',63(56,21 $1' &'
&859(6

1RUPDOO\ WKH RSWLFDO URWDWLRQ LV PHDVXUHG DW |
QP EHFDXVH VRGLXP YDSRU ODPSV DUH FRQYHQLHC
PRQRFKURPDWLF OLJKW +RZHYHU LI RSWLFDO URWDWL
ZDYHOHQJWK ZH FDQ JHW D ORW RI LQIRUPDWLRQ DERX
FRQILIXUDWLRQ RI RUJDQLF FRPSRXQGYV

7KH UDWH RI FKDQJH R M@BIHWK | Z B YURYHMOMUPRKOQ DV
RSWLFDO URWDWRU\ GLVSHUVLRQ

source polariser

sample
concentration
C

L, QVWUXPHQWDWLRQ IRU 25"

, | WKH UHJLRQ RI PHDVXUHPHQW LV DZD\ Q@K RPKWBEH UHJI
DSOD2%) &XUYH DV JLYHQ EHORZ LQ )LJ LV REWDLQHG
D VWHDG\ LQFUHDVH RI VSHFLILF URWDWLRQ ZLWK WKH
FXUYH ,, VKRZV D VWHDG\ GHFUHDVH

&XUYH ,

RSWLFD
URWDWILRQ &XUYH ~

ZDYHOHRJIWK
)LJ 30DLQ 25" FXUYHV

+HUH , UHSUSOIDQ W \8 REKIHAWX.Y¥HH DQG ,, UHSUBIVGI QWYV Wk

QHIJDWSRYHXUYH 7KH ZRUG SODLQ LOQ®R-BPWHYXWYKDW W
RU PLQLPD LQ WKH FXUYH
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30DLQ FXUYHV ZKLFK GR QRW KDYH D PLQLPD RU D PD[LPD DQG ZKLFK G
WKH JHUR URWDWLR®R ORDG BPXHYHNMOOHG

6 XFK FXUYHVY DUH REWDLQHG IRU FRPSRXQGV ZKLFK GR QRW KDYH DEVF
ZDYHOHQJWK UHJLRQ ZKHUH RSWLFDO DFWLYLW\ LV EHLQJ PHDVXUHG )
DOFRKROV DQG K\GURFDUERQV H[KLELW VXFK SODLQ FXUYHV

2Q WKH RWKHU KDQG LI WKHVH FXUYHV VKRZ SHDNV PD[LPD DQG WUR
GHSHQGLQJ RQ WKH QXPEHU RI DEVRUELQJ JURXSV WKHQ VXFK FXUYHV
DOQRPRORXV REIX&GRWWRQ HITHFW FXUYHV 7KLV KDSSHQV GXH WR WKH DE
GLVSHUVLRQ RI UHIUDFWLY&pLQGH[ LQ WKH UHJLRQ RI

%HIRUH SURFHHGLQJ IXUWKHU WR WKH GLVFXVVLRQ RQ WKH DQDRPDOR
ILUVW XQGHUVWDQG ZKDW LV &RWWRQ HIIHFW

&27721 ())(&7

7KH FRPELQDWLRQ RI FLUFXODU ELUHIULQJHQFH U GLFKUF

FRWWRQ&RWHMARY MWMIWMKW FKDUDFWHULVWLF FKDQ O URWDW

GLVSHUVLRQ DQG RU FLUFXODU GLFKURLVP LQ W, Rl DQ DE\Y

VXEVWDQFH

$ODPRORXV FXUYHVY FDQ EH RI WZR W\SHV

L 6LQJOH FRWWRQ HIIHFW FXUYHYV 7KH SKHQRPHQRQ RI
&RWWRQ HIIHFW ZDV

LL OXOWLSOH FRWWRQ HIIHFW FXUYHYV GLVFRYHUHG LQ E\
WKH J)UHQFK SK\VLFLVW

/IHW XV QRZ VWXG\ PRUH DERXW WKHP $LPp &RWWRQ

L 6LQJOH &RWWRQ (IITHFW &XUYHYV *

7TKHVH DUH WKH DQRPRORXVY GLVSHUVLRQ RU &RWWRQ FXUYHV ZKLFK VI
DQG PLQLPD ERWK RFFXUULQJ LQ WKH UHJLRQ RI PD[LPXP DEVRUSWLRQ

,] RQ DSSURDFKLQJ WKH UHJLRQ RI &RWWRQ HIIHFW IURP WKH ORQJ ZD"
ILUYDW VHV WRKOJRXNR SHIOIMKHQ D PLQLPXPVKRHURKWKYRQ

HITHFW VD& BW RIIRPMAH WKDW LQ SRVLWLYH &RWWRQ HIIHFW WKH SHDN 1
KLIKHU ZDYHOHQJWK WKDQ &WKKIDWHEB XRKUNGGMVMHHLY DQ

)LJ D EHORZ

SRVLWLYH &él-ﬁg(l\llJYH

QHIDWLYH &( FXUYH
/ /
DPSOLWXGH \/
7URXJ
o— o—
D E
yLJ D 3RVLWLYH FRWWRQ HIIHFW FXUYH DQG E 1HJDWLYH FRWWRQ HII

2Q WKH RWKHUWDRYGIK, LWREVHUYHG ILUVWVKRO®DRWHG E\ WKH SHDN
LV@HIDWLYH FRMXWRBVHYKR2Q LQ )LJ E
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7KH &' VSHFW\
JHQHUDOO\ XV
VWXG\ WKH FK
WKH VWUXFW X
QXFOHLF DFLGQ
WKH ORVV RI K
VLQJOH VWUD
QXFOHLF DFLGQ
IXQFWLRQ RI

WHPSHUDWXUH
VWUXFWXUDO

ELQGL QB XWWRKQ

DQG SURWHLQ

$QDPRORXVIFXKHI REWDLQHG IRU FRPSRXQGV KDYLQJ DQ
DDMWRIP DQG ZKLFK DOVR FRQWDLQ D FKURPRSKRUH 6XFK

HENRLFDOO\ DFWLYH FKURPRSKRUHYV
DQJH LQ

UAKRH DEVRUSWLRQ EDQGV QHDU ZKLFK &RWRKRWLADBOW L
VD/RWENSXYW LFDOO\ DFWLYH EDQGV DUFKDRVPROGEWURY EDQC
HOLFEW WUMKE@WULQVLFDOOAXBX\DRWHWYDRHOLRHQH PROHF

QV EK EHARARPHWHEPXVH RI WKH LQWHUDFWLRQ ZLWK |
HQYLURQPHQW VXFK DV D FDUERQ\O JURXS ZKLFK LWVH

U PY\PPHWLQR PQ DV\PPHWULF HQYLURQPHQW

KR LY

R

XU Y HV QRUPDOO\ SURYLGH WKH VDPH LQIRUPDW

v VSHFWUD DUH EHLQJ SUHIHUUHG RYHU WKH WLPH EHFD)
LOQWHUSUHWDWLRQ DQG OHVV FOXWWHULQJ RI EDQGV ¢

)LJ <RX FDQ FOHDUO\ VHH WKH VLPLODULW\ EHWZH

$Q RUGLQDU\
VSHFWURSKRW
FDQ EH PRGLI|
PHDVXUH FLUH
GLFKURLVP SU
VRPH PHDQV R
SURGXFWILRRW
DQG ,HIW FLUH
SRODULVHG O
EH JHQHUDWH
7KLV FDQ EH D
E\ SDVVLQJ D
SRODULVHG O
WKURXJK D TX
ZDYH SODWH 2
URWDWHG fl W

fWR JLYH Ul
,HIW FLUFXOD
SRODULVHG O
UHVSHFWLYHO

DEVRUSWLRQ $ SRVLWLYH 25' FXUYH LV DOVR LQFOXGH
REﬁ{?\/ﬁQHWH FRPSDULVRQ

HG W 0D

XODU
RYLG
| PGH
R |

XODU
L J KW\

I~

=

FKLH
SODQH
LIKW
DUW]
KZRKH LWFDJQLWXGH Rl FLUFXODU GLFKURLVP LV H[SUHVVHCG
P VHH WKH &' VSHFWUD DUH SO/RBMD/YRDPROWK HOOLSWLFL
JKW DQG

O\ ORODU HOMLSWLFLAN\

LIKWV

\ ZKHUHH H

R 0D][
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'UDZ SODLQ SRVLWLYH DQG QHJDLYH 25" FXUYHV

654

"KHQ LV D & FXUYH QHJDWLYH"
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/HW XV QRZ XQBMUDEXP®RNHWRQH UXOH DQG RFWDQW
XVHG IRU WKH GHWHUPLQDWLRQ RI DEVROXWH FRQILJXL

7KHVH WZR UXOHV D UWH MWWWRIID\Q BCHRVQ GEHHHUXVHG IRU WKH
FKURPRSKRUHV VXFK DV VDWXUDWHG NHWRQHV
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JRU FKLUDO FKURPRSKRUHY OLNH KHOLFHQHY DQG ELDU\OV KHOLFLW\
6 XFK FKURPRSKRUHV ZLWK WZLVWHG JHRPHWU\ DUH LQKHUHQWO\ GLVV

7KH FDUERQ\O JURXS RQ WKH RWKHU KDQG LV VIPPHWULF LQKHUHQWC
RSWLFDOO\ DFWLYH ZKHQ SHUWXUEHG DV\PPHWULFDOO\ E\ WKH FKLUDC

,Q VHFWRU UXOHV WKH VSDFH DURXQG WKH FKURPRSKRUH LV GLYLGLH
RU RFWDQWYV XVLQJ QRGDO bDQG VI\PPHWU\ SODQHV RI FKURPRSKRUHV
FDUERQ\O JURXS

7KH FRQWULEXWLRQ RI DQ\ VXEVWLWXHQWY WR WKH &RWWRQ HIIHFW G
SRVLWLRQ LQ WKH VHFWRU

7KLY UXOH LV DSSOLHG ZKHQ DQ D[LDO KDORJHQ &O %U , EXW QRW )
DFDUERQ WR WKH NHWR JURXS

: HTXDWRULDO KDORJHQ
D[LDO KDORJHQ

7KH D[LDO KDORJHQ DIIHFWV WKH VLJQ RI WKH &RWWRQ HIIHFW 6RPH R
VXEVWLWXHQWYV 6\bX R DOWMB H[KLELW VLPLODU HIITHFW RQ WKH &RWWRQ
HITHFW

0ODQ\ QDWXUDOO\ RFFXUULQJ FRPSRXQGV VXFK DV VWHURLGYVY FRQWDLQ
D2+ JURXS ZKLFK FDQ EH FRQYHUWHG WR WKH NHWR JURXS

7KH FRPSRXQG XQGHU FRQVLGHUDWLRQ IRU WKH DVVLJQPHQW RI FRQIL
ORRNHG DW IURP WKH FDUERQ\O FDUERQ ZKLFK LV SODFHG DW WKH KHE
FRQIRUPDWLRQ DV LV VKRZQ EHORZ

, | WKH D[LDO KDOROSRVEWHWRHOMS BWD UVIWRZODDGQGE WIKEGH
RI WKH REVHUYHU DV VKRZQ EHORZ WKMFWRKMHIFRPSRXQG ZLOO VKRZ D
SRVLWLYH &RWWRQ HIIHFW

—

&

/IRRN IURP
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HITHFW
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/JHW XV QXPEHU WKH FDUERQ DWRPV SUHYHQW LQ WKH |
KRULIRQWSDVYQRQOMVKURXJIK & & YHOQWLED ® GG MQH
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7KH ULJKW VLGH YLHZ RI WKH PROHFXOH VKRZV DQRWK'
SODQHV ZKHUHLQ & DQG & DSSHDU DW WKH OHIW VLC

DW WKH ULJKW VLGH <RX FDQ DOVR YLVXDOLVH LQ WKH
ODEHOOHG DV, ,, ,,, DQG ,9

7KH DOMILJIQV LQGLFDWHG RQ WKHVH TXDGUDQWY LQGL
FRQWULEXWLRQ E\ D SDUWLFXODU VXEVWLWXHQW WR V

W ZRXOG EH PXFK FRQYHQLHQW WR ORFDWH WKH VXEV'
1HZPDQ SURMHFWLRQ RI WKH PROHFXOH LV GUDZQ DV V
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I ZH FRQVLGHU WKH HQDQWLRPHU RI WKH DERYH FRPSF
QHIJDWLYH &RWWRQ HIIHFW
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$[LIDXXDORJHQ OHIW VLGH /
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1HIJDWLYH &( &XUYH 'H RWDWRU\ 2
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6LOQFH WKH KDORJHQ OLHV RQ WKH ERWWRP OHIW TXDG!
PROHFXOH VKRZV OHIJDWLYH &RWWRO
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2QH Rl WKH HDUO\ H[DPSOHV Rl VWXG\LQJ WKH DEVROXWH FRQILJXUDW|]
WUDQ¥HFDORQH ZDV E\ '"MHUDVVL DQG 6WDXQWRQ LQ

WUDQ&HFDORGQH
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7KH EURPLQDWMBRMQRI GHFDORQH JDYH WUDQV EURPR GHFDORQH
ZKLFK KDV EURPLQH DW WKH D[LDO SRVLWLRQ DV LQGLFDWHG E\ 89 DQC
7KH EURPR GHULYDWLYH VKRZHG SRVLWLYH &RWWRQ HIIHFW VR LWV V
KDYH %U RQ WKH ULJKW KDQG VLGH RI WKH NHWR JURXS DV VKRZQ EHO
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%U LRQ WKH ULJKW KDQG VLGH
RI FDUERQ\O JURXS
YH &RWWRQ (IITHFW

7TKXV WKH SRVVLELOLW\ RI WKH RWKHU HQDQWLRPHULF VWUXFWXUH V
UXOHG RXW

T %U
%U LV RQ WKH OHIW KDQG VLGH RI
FDUERQ\O JURXS
YH &RWWRQ (IIHFW

7KLY VWUXFWXUH ZRXOG KDYH VKRZQ QHJDWLYH &RWWRQ HIIHFW DV W}
VLGH RI WKH FDUERQ\O JURXS LQ LW
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7TKXV WKH VWUXWWXQWH RGHFDORQH VKRXOG EH DV VKRZ
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6LPLODUOV WKH FRQILIJIXUDWLRQV RI WKH FRPSRXQGV V
GHFLGHG RQ WKH EDVLV RI WKH VLJQ RI &RWWRQ HIIHF\
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,Q WKLV HQ DAUNIL\R R % U ,Q WKLV HQ MQUWIL\R RKQU
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/HW XV QRZ XQGHUVWDQG DERPAWDQWWKKHWH UXOH FDOO
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L KLFK WZR UXOHVY DUH WUHDWHG XQGHU VHFWRU U:
LL JRU ZKLFK FKURPRSKRUHVY WKHVH UXOHV FDQ EH >
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7KLY UXOH ZDV IRUPXODWHG E\ ORIILWW HW DO LQ D
&RWWRQ HITHRWUDROUGMKIHLYDWLYHW IRWIK\WBRKH [DBRRRGIXV

FRQILIXUDWLRQ

$FFRUGLQJ WR WKLV UXOH WKH VSDFH DURXQG WKH FD
LOQOWRIKW VAPOYREMECEQWWDZLQJ WKUHH SODQHV DV VKR.
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7TKHVH HLJKW VHFWRUVY KDYH WZR VHWYV RI IRXU VHFWRUV LQ ZKLFK WK

UHDU VHFWRU KDV WKH IROORZLQJ VLJQV DV VKRZQ LQ )LJ EHORZ
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7TKMWHDU VHFWRU VLIQV FROQOWULEXWDBAIGPRHGFWRDUKIH &RWWRQ HIITHFW
PRUH LPSRUWDQW IRU WKH GHWHUPLQDWLRQ RI FRQILIXUDWLRQ

7KH PROHFXOH LV DJDLQ YLHZHG IURP WKH VLGH RI WKH FDUERQ\O JUR
FRQWULEXWLRQV RI VXEVWLWXHQWY SUHVHQW LQ GLIITHUHQW VHFWRU"

7KHVH UXOHV DUH XVHG IRU F\FORKH[DQRQH PRLHW\
&RQWULEXWLRQV IURP K\Q@BRRMDHG\D D QK R FPFFERG QW

7KNFDUERQ DWRP \QQRG RQ@ S\KIHQH DV VKRZQ EHORZ

7KH JURXSV SUHVHQW DW WKH D[LDOGRUQHRMKDWRULDO SRVLWLRQV D
FROWULEXWH WR WKH &RWWRQ HIIHFW

6LPLODUO\ WKH VXEVWLWXHQWY SUHVHQW DW HTXDWRULDO SRVLW
& DWRPV DUH\QMHOGDWKHODQH KHQFH HTXDWRULDO VXEVWLWXHQW\
SUHVHQW DW & DQG & YHBRVYRLAEQVFRPRHMKEKXKWLRQV

&RWWRQ HIIHF\N[L%XOW RE\IWKM X HDQ/EV& OLH DZD\ IURP

[\SODQH WKH\ FRQM WREZOWIBY WKH &RWWRQ HIIHFW
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7KHUH LV HTXDO FRQWULEXWLRQ E\ VXEVWLWXHQW ¢
FDUERQV
7KH VXEVWLWXHQWYV SUHVHSRW DWR & W DIQEX & L RCDW H

ZKHUHDV WKH VXEVWLWXHQWYVY SUHWVIIDQOW YH) & DQG
FRQWULEXWLRQ WR WKH &RWWRQ HIIHFW
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‘H FDQ GHWHUPLQH WKH SRVLWLRQ RI VXEVWLWXHQ\
FRPSRXQG XVLQJ WKHVH UXOHV LI WKH &RWWRQ HIIH

JRU NHWRVWHURLGYV WKH VHFWRU ZKLFK KDV PRVW F
PDMRU FRQWULEXWLRQ WR WKH &RWWRQ HIIHFW

/IHW XV FRQVLGHW WXPNRHMKHORI GHFDORQH $V LQGLF
RFWDQW UXOH LWV SRNOPRYM/ EBEPHEHXWIRQ WR WKH &F
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'LVEXVV WKH FRQWULEXWLRQ RI WKH IROORZLQJ VXEVW
WR WKH &RWWRQ HIIHFW"

L D[LDO VXEVWLWXHQWYV DW &
LL HTXDWRULDO VXEVWLWXHQWY SUHVHQW DW & DQ!

LLD[LDO VXEWDWL W X HDIMBV &
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,Q 8QLW \RX KDYH DO U HKKMH®\ AAWNW¥ER LIHVG VWDKEHR X WL UD O L W\
KHOLFDO HRMMWNKDE) GY & XCI®HEODO COBHWQGHG KHOL]
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LV NQRDQ PIMQXVH ZLOO ILUVW VRWOGE\FKIAQG) WBHHQ
DSSOLFDWLRQ RI KHO IZEXQVDXWXH DWRHGLNRWR QHY DQG KHOLFLQHV

$FFRUGL Q K MRL MK KIEKIBM KDQRHWIKSDWBHFWURQ ZKLFK LV

LQGLFDWHG E\ VLJIP Dol&HD® W ZIRW N HRS BH B HHRWQMGJ EE X W H V

WR WRKWLWLY HZURWH WIKRIQOHIW KDQGHGOSFRWKVUHBXWHWNQWHG E\

WR WKH QHJDWLYH URWDWLRQ /HW XV XQGHUVWDQG DQG DSSO\ WKLV |

%RWK FRQMXJIDWPBAEBXQVIDOMWKW DWBG NHWRQHYV FDQ EH UHSUHVHQWHG E\
WKH IROORZLQJ QRQ VXSHULPSRVDEOH PLUURU LPDJH VWUXFWXUHYV
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DEXQVDWXUDWHG NHWRQH
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L &RQMXJIDWHG 'LHQHV

,Q FRQMXJDWHG GLHQHV WKH KHOLFLW\ UXOH LV DSSOLHG WR WKH
WUDQVLWLRQ BKKEBPQVLWLRQ 7KLV WUDQVLWLRQ DSSHDUV LQ WKH

QP
7KH HIDPSPH¥LRQHY VKRZLQJ KHOLFLW\ UXOH DUH DV IROORZV

sogiioe]

3 VFLV 0V FLV
GLHQH GLHQH
7KH 25" FXUYHV IRU GLHQHY GHULYHG IURP VWHUHRLGY VKRZ VW

SRVLWLYH FRWWRQ HIIHFW ZKLFK VXJJHVW WKHLU 3 KHOLFLW\ 6LPL
GHULYHG IURP VWHURLGY VKRZ D VWURQJ QHIJDWLYH FRWWRQ HIIHF
KHOLFLW\ IRU WKHP

6LPLODUO\ WKH WUDQVRLG VWUXFWXUH RI GLHQHYV FDQ EH UHSUHV

3 & & 0

7TKXV E\ NQRZLQJ WKH DEVROXWH FRQILIXUDWLRQ RI VWHUHRLGV V
WKH UHVSHFWLYH GLHQH FDQ EH GHWHUPLQHG
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LLDO ESQVDWXUDWHG .HWRQHYV

7KHQ SWUDQVLWLRQ 5 ERQGV DSSHDUV DURXQG e
EXQVDWXUDWHG NHWRQHV LQ WKHLU 89 VSHFWUD DQ
DSSHDUV DURXQG SoQ8 GXH WRVSHFWUD RI

EXQVDWXUDWHG NHWRQHV VKRZHG &RWWRQ HIITHFWV

7KH WZR OLPLWLQJ SODQIFX6RDQWUPDWHE QM RIRQHV
VKRZQ EH®RRDBRWY WUDQV
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+HUHALV WKH WRUVLRQDO DQJOH DERXW WKH ERQG M

7KH ILUVW HQRQH KHOLFLW\ UKWHD®GV: KDOKW@ \EL QM H U
IR S&RWWRQ HIIHFW LQ WKH UDQJH QP

$ SRVLWLYH KHOLFLW\ ZDV FRUUHODWHRZHWHKUWKH
6QDW]INH HIWHQGHG WKHSKMODL G VWW UXKQH QYR SUHGLF\
QHIJDWLYHH&IRMWWRRUWLYH KHOLFLW\
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HQ RQH LQ KH[DQH VKRZV D SRVLWLYH &
QGLFDWLQJ LWV 3 KHOLFLW\ ZKLOH FKROHVW
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lYH & RWWRQ HIIHFW FRQILUPLERQOGVYOVRHOLF
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7KH KHOLFLW\
DOVR DSSOLF
KRPRFRQMXJD
DOGHK\GHV D(
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DSSHDUV LQ WKH UHJLRQ QP IRU ERWK WKHVH F
UXOH LV
EbHLWRtTWRLEFLQHYV
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G +HOLFLQHV DOVR H[KLELW WKH KHOBFHMOLFX®HN L H

LG VKRZRVLWRWDWLBRVDLEERYWHNVRQ HIITHFW 2Q WKH RWKF

KHOLFL QM X HQMWHKKWE HWD WIRVAD WL R Q MGG DAKIRZHD

&RWWRQ HIIHFW

7KH VWUXFWXUHY IRU 3 DQG 0 KH[DKHOLFLQHYV DUH J
VKRZ WKHLU KHOLFLW\
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, 0O KH[DKHOLFHQH ,, 3KH[DKHOLFHQH
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D +HOLFLW\ UXOHV SHUWDLQ WR &RWWRQ HIIHFWV RI LQKHUHQWO\ FKL

VXFK DV XQVDWXUDWHG NHWRQHVY GLHQHV VNHZHG RU WZLVWHG DC
o KHOLFLQHYV
- 5l W VKRXOG EH LQWHUHVWLQJ WR NQRZ WKDW LQ XQVDWXUDWHG NHW
25;3’ WKH FKURPRSKRUHV SUHVHQW & 2 DFRXABO®W WKH LQKHUHQWO\
ot ) LQWHUDFWLRQ EHWZHHQ WKHVH FKURPRSKRUHV ZKHQ SUHVHQW LQ V
;‘.}fi PROHFXOH JHQHUDWHYV KLYK{ RIKD®IMKHR Q Q BHWUW] QMQB MKU D O
- FKURPRSKRUHV

6XFK D WZLVWHG DUUDQJHPHQW RI WZR FKURPRSKRUHV ZDV REVHUY
E\ OLVORZ LAJRRVDWXUDWHG NHWRQHV 7KH KHOLFLW\ UXOH IRU VXF
NHWRQHV ZDV JLYHCHW®\IMBVFRIRIQVY MHSH RI

WUDQVLWLRQ LQ WKH UDQJH QP

7KH IROORZLQJ VWUXFWXUHV VKRZ VWURQJO\ QHJDWLYH DQG SRVLW
HIITHFWV DW DERXW QP IRU WKH FRQIRURDWLRQV KDYLQJ GLKHGULD
EHWZHH®DQG q +HQFH ODUJH LVRWURSLF DEVRUSWLRQ LQWHQVLWLH
REVHUYHG LQ QRQ SRODU VROYHQWYV
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7KH HI[DPSOHV RI KRPRFRQMXJDWHY NHWRQHV KDYLQJ SRVLWLYH &R\
DUH DV IROORZV
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GHK\GURQRFDP §KRBORRFWHQRQH
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+HOLFLW\ UXOHV FDQ EH DSSOLHG WR WKH &RWWRQ HIITHFWV RI ZKLFK 1
FKURPRSKRUHV"
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7KH DEVROXWH FRQILIJXUDWLRQV RI RSWLFDOO\ DFWLYH DOOHQHV FDQ
/IRZHTV UXOH $FFRUGLQJ WR WKLV UXOH WKH DOOHQH LV SURMHFWHG
WKH PRUH SRODULVDEOH VXEVWLWXHQW LV SODFHG DW WKH WRS LQ WI
VKRZQ EHORZ
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KHQ WKH PROHFXOH LV YLHZHG DV VKRZQ DERYH
WKH PRUH SRODULVHG JURXS IURP WKH WZR JUR
DSSHDUV ULJKW DV VKRZQ IRU WKH DERYH FRPSH

SRVLWLYH URWDWLRQ
&0 FORFNZLVH SDWWHUQ

+ B6FRQILIXUDWLRQ

1RWH WKDW WKHUH LV FORFNZLVH VFUHZ SDWWH

7KH FRQYHUVH LV WUXH IRU WKH DUUDQJHPHQW
SRODULVDELOLW\ DQG D QHJDWLYH URWDWLRQ L
VLWXDWLRQ

7KH SRODULVDELOLW\ RUGHU RI VRPH JURXSV LV
WHYW &+&22+ & & O

6RPH IXQJDO DOOHQH PHWDEROLWLHY DV VKRZQ
IRU WKH FRPSRXXJFRWQYIKDXUQWLRQ ZKLOH WKHKBLU F
FRQILIJIXUDWLRQ VKRZ QHIJDWLYH URWDWLRQ
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7KH FRQILIJXUDWLRQ RI DOOHQHY FDQ EH GHWHU
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'‘UbDZ WKH OLQH EHKLQG WKH FLUFOH IRFDUERQ
DWRP DW WKH EDFEN
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SHPHPEHUZWKDWH WR QXPEHU WKH VXEVWLWX
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SUHVHQW DW WKH EDFN VLGH FDUERQ DWRP
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7KHQ IROORZLQ@JOWKBIPDWK/ KRZV WKH FRQARIXWDWLRQ
GRHV QRW PDWWHU IURP ZKLFK VLGH WKH PROHle_o_H_u
3K\WLFDO FRBQLFHWWVVLJQHG WR FKLUDO PROHFX ZJIEWDS
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6RPH H[DPSOHV RI PROHFXOHV VKRZLQJ GH[WURURWDWLRQ RU OHYRUR
'"OLQH DFFRUGLQJ WR /RZHYV UXOH DV JLYHQ EHORZ
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7KH 25' DQG &' VSHFWUD FDQ EH XVHIXO LQ WKH GHWHUPLQDWLRQ RI E}
VWUXFWXUDO DQG VWHUHRFKHPLFDO DVSHFWV RI PROHFXOHVY <RX KDY
DERXW VRPH VXFK DVSHFWV LQ WKH SUHYLRXV VHFWLRQV E\ WKH DSSO
UXOHV IRU GLIITHUHQW FODVVHV RI FRPSRXQGV

7KH FRQILIXUDWLRQ FRQIRUPDWLRQ RI DQ XQNQRZQ FRPSRXQG FDQ EH
ZLWK WKDW RI WKH NQRZQ FRPSRXQG RI VLPLODU VWUXFWXUH E\ FRPSI
25' &' VSHFWUD

7KH RWKHU WHGLRXV zZzD\ RI FRUUHODWLRQ RI H[SHULPHQWDO 25" &' GD!
FDOFXODWHG SUHGLFWHG EDQGYV LV EDVHG RQ VHYHUDO HPSLULFDO VF
DERXW ZKLFK \RX KDG VWXGLHG DERYH %XW D SHUIHFW SUHGLFWLRQ
FKDOOHQJH DV LW LQYROYHV PDQ\ IDFWRUV WR EH WDNHQ LQWR DFFRX

%URDGO\ 25' DQG &' VSHFWUD KDYH WKH IROORZLQJ DSSOLFDWLRQV
7\SH DQG 3RVLWLRQ RI )XQFWLRQDO *URXSV

$V WKH WKUHH GLPHQVLRQDO HQYLURQPHQW DURXQG WKH FKURPRSE
WKH &RWWRQ HITHFW WKH FRUUHFW LQIRUPDWLRQ DERXW WKH W\SH
JURXS SUHVHQW FDQ EH REWDLQHG IURP WKH SRVLWLRQ RI WKH &RW
RFFXUV DW DERXW WKH DEVRUSWLRQ PD[QPEP LQ 89 YLVLEOH UHJLRC
DQGRYS WUDQVLWLRQV FRXOG EH LGHQWLILHG DW JLYHQ PD[ IRU WKI
FKURPRSKRUHY OLVWHG EHORZ

&KURPRSKRQH @b QP

.HWRQH
D EXQVWDXUDWHG NHWRE
&DUER[\OLF DFLG
D EXQVWDXUDWHG DFLG | a

(VWHU

&RQMXJDWHG GLHQH
BXEVWLWXWHG SKHQ\O
1ILWUR FRPSRXQGYV a
$PLGHY DQG ODFWDP




%ORFN

6WHUHRFKHPLVWL

7KH SRVLWLRQ RI D FKURPRSKRUH RU D IXQFWLRQDGOG
LI VLPLODU FRPSRXQGV RI NQRZQ VWUXFWXUH DUH D
VSHFWUD )RU H[DPSOH R[RVWHURLGV RI FKRODVWD(
HITHFW LI WKH FRPSRXQG LV D R[R RUD R[R GHULY
DQG R[R GHULYDWLYHYV H[KLELW QHJDWLYH &RWWRQ
R[R JURXS LQ VLPLODU FRPSRXQGV RU RWKHU VWUXF
ZKLFK FRXOG EH FRQYHUWHG WR WKH R[R JURXS FRX

'"HWHUPLQDWLRQ RI FRQILIXUDWLRQ

7KH HQDQWLRPHUV KDYH 25' DQG &' VSHFWUH ZKLFK |
UHODWLRQ DV LV WKH FDVH ZLWK HQDQWLRPHUV WKF
LQ )LJ
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yLJ &' VSHFWUD Rl H@BQWHRMHUV RI

.| WZR PROHFXOHY KDYH VLPLODU WKUHH GLPHQVLRQ
FKURPRSKRQH WKHLU &' 25' VSHFWUD KDYH VLPLODU
HITHFW +RZHYHU VXFK UHVXOWY QHHG FDUHIXO LQW
VWUXFWXUDO IHDWXUHV RU JURXSYVY PD\ OHDG WR WK
&RWWRQ HIIHFW

6WXG\ RI FRQIRUPDWLRQYV

(DFK SRVVLEOH FRQIRUPHU RI D FRPSRXQG ZLOO VKR
FXUYH ZKLFK ZLOO VKRZ &RWWRQ HIIHFW ZKLFK DUH
WHPSHUDWXUH GHSHQGHQW

6WXG\ RI SRO\SHSWLGHY DQG SURWHLQYV

7KH VHFRQGDU\ VWUXFWXUHYV RI SURWHOQED®RGE SHS
SOHDWHG VKHHW VKRZ ORQJ &' QHDU QP ZKLOH WHEK
KDV ZHDNHU &RWWRQ HIITHFW 7KH UHIHUHQFH FRPSR
VWXGLHYVY $OVR WKH WHPSHUDWXUH S+ DQG VROYHC(
FRQVLGHUDWLRQV ZKLOH LOQWHUSUHWLQJ WKH UHVX

6WUXFWXUDO VWXGLHG RI PHWDO FRPSOH[HV

7TKH VWXG\ RI 25" & VSHFWUD IRU PHWDO FRPSOH[HV
HWF LQ UBMURPQWIWLRQV H[KLELWHG &RWWRQ HIIHF\
RFWDKHGUDO FRPSOH[IHV KDYH KLJK DPSC



8QLW OROHFXODU 'LV\PPHWU\ DQG &KLURSW

PHWDO LV DFWLQJ ERWK DV D FKURPRSKRUH DQG DV WKH FKLUDO FH
QDWXUH RI OHJDQGY DOVR DIIHFWV WKH PDJQLWXGH RI &RWWRQ HIIF

( DQDO\]LQJ WKH VLJQ RI &RWWRQ HIIHFWV WKH FRQILIJIXUDWLRQV RI \
WUHQG@V FDQ EH GHWHUPLQHG E\ FRPSDULQJ ZLWK 25" & VSHFWUH RI VLPLODL
EH FRPSOH[HV
HV!I$C

$ 6800%$5<
2 &
v\ X OLQHDU SRODWKWHHOBEWWW.F ILHOG DQG PDJQHWLF ILHOG RVFLOOD
/LWL! SHUSHQGLFXODU GLUHFWLRQV DQG WKHVH GLUHFWLRQV DUH DOVR S
JJDQL GLUHFWLRQ RI SURSDJDWLRQ RI OLJKW

X ULJKQY FLUFXODUOWEROIDOH VWO LFLYKWOW RBNZRVEWHY LQ WKH
GLUHFWLRQ @QKHWHLDVAXODUOWISRDOUUWMARE L ARQJKW URWDWLRQ
Rl HOHFWU LB QWHIFFVORWF NLXL V H

X O6RPH PDWHULDOV SRVVHV VSHFLDO SURSHUWLHYVY RI DEVRUSWLRQ RI
FLUFXODU\ SRODULVHG OLJKW WR GLITHUHQW H[WHQW WKDQ WKH UL.
OLJKW 7KLV SKHQRPHQRQ LV FDOOHG DV FLUFXODU GLFKURLVP

x T7TKH FRPELQDWLRQ RI FLUFXODU ELUHIULQJHQFH DQG FLUFXODU GLF
&RWWRQ HIIHFW

x 7KH PDIJQLWXGH RI FLUFXODU GLFKURLVP LV H[SUHVVHG E\ WKH HOO

Xx 25" &XUYHV DUH RI WZR W\SHV 30DLQ FXUYHV DQG $QDPRORXV F
&RWWRQ FXUYHV )XUWKHU DQDPRORXV FXUYHV FDQ EH

L 6LQJOH FRWWRQ HIIHFW FXUYHV RU
LL OXOWLSOH FRWWRQ HIIHFW FXUYHYV

Xx ,Q &RWWRQ HIIHFW FXUYHV LQ D ZDYHOHQJWK UHJLRQ ZKHUH WKH O
DEVRUEHG WKH DEVROXWH PDJQLWXGH RI WKH RSWLFDO URWDWLRQ
UDSLGO\ ZLWK EORYOHW JWWKR DW DEVRUS WKRIQ@ PD[LPD
DJDLQ YDULHV UDSLGEXANW®R WIKHHRIRWIKWH GLUHFWLRQ

X 7 K H & R W W R Q HLQFUHDIg BV W L Vv F D C
WKHQ GHFUHDVHV DVGMKM HZDMWHDLHQYIWREVHUYHG E\
&RWWRQ@HDIMEL WHKH RSW LY W ROMBW BB )V
LQFUHDVHV

Xx ,Q ERWK 25' DQG &' WKH FLUFXODU SRODULVHG OLJKW LV XVHG ,W I
FRQYHUWHG WR HOOLSWLFDO OLJKW LQ 25" EXW LV FRQYHUWHG WR

x 7KH 25' JUDSKV DUH REWDLQHG E\ YORONWORID YWKFLILF URWDWLRQ
ZKHUHDV WKH &' JUDSKY DUH REWDLQHWG/ E\ SORWWLQJ PRODU HOOLS
ZDYHOHQJWK

X 'LITHUHQW HPSLULFDO UXOHV VXFK DV D[LDO KDORNHWRQH UXOH RF
/IRZHV UXOH ZHUH H[SODLQHG LQ GHWDLO

X $ SULPDU\ XVH LV LQ DQDO\]LQJ WKH VHFRQGDU\ VWUXFWXUH RU FR(
PDFURPROHFXOHYVY SDUWLFXODUO\ SURWHLQV DV VHFRQGDU\ VWUXF\
WR LWV HQYLURQPHQW WHPSHUDWXUH RU S+ &LUFXODU GLFKURLVP



%ORFN 6WHUHRFKHPLVWL

XVHG WR REVHUYH KRZ VHFRQGDU\ VWUXFWXUDO FKEC
FRQGLWLRQV RU RQ LQWHUDFWLRQ ZLWK RWKHU PRO
WKHUPRG\QDPLF LQIRUPDWLRQ DERXW PDFURPROHFX
FLUFXODU GLFKURLVP VSHFWURVFRS\

7(50,1$/ 48(67,216

'UubZz WKH HOHFWULF YHFWRUV RI SODQH SRODULVHG
HOOLSWLFDOO\ SRODULVHG OLJKWYV

'LIIHUHQWLDWH EHWZHHQ 25' DQG &'
'"LIIHUHQWLDWH EHWZHHQ QRUPDO FXUYHV DQG DQ

KDW DUH RSWLFDOO\ DFWLYH FKURPRSKRUHV" :KDW
REWDLQHG IRU VXFK FKURPRSKRUHV"

([SODLQ WKH DSSOLFDWLRQV RI 25" DQG &' VWXGLHYV

$16:(56
6HOlI $VVHVVPHQW 4XHVWLRQV

&LUFXODUO\ SRODULVHG OLJKW KDV WZR SHUSHQGLF

DPSOLWXGH DQG D SKDVH %BXWHUG QFHORBEWLFDOO\ SR

WZR SHUSHQGLFXODU ZDYHV RI XQHTXDO DPSOLWXGF
gbDUH WKHUH

L KMV OHVQ WKIDHK /&3/ FRPSRQHQW ZLOO WUDYH!
FKLUDO PHGLXP WKDQ 5&3/ FRPSRQHQW

LL ,Q WKLY FDVH WKH PDWHULDO LV FDOOHG OHY
SRVLWLYH VSHFLILF URWDWLRQ

&XUYH ,

RSWLFD
URWD

RO &XUYH ~+

ZDYHOH®JIWK

$ & FXUYH LV QHIJpHRVLYHQEKHXHIDWLYH

LOD[LDO KDORNHWR UXOH DQG RFWDQW UXOHV DUH

LL 7KHVH UXOHV FDQ EH XVHG IRU WKH DFKLUDO F|
VDWXUDWHG NHWRQHYV

7KH FRQWULEXWLRQ RI WKH IROORZLQJ VXEVWLWXHC
WKH &RWWRQ HIIHFW LV DV IROORZV

L 1R FROWULEXWLRQ WR WKH &RWWRQ HIIHFW
LL 9HU\ VPDOO FRQWULEXWLRQ WR WKH &RWWRQ |
L L L & R Q w U L E X



8QLW OROHFXODU 'LVI\PPHWU\ DQG &KLURSW!

+HOLFLW\ UXOHV FDQ EH DSSOLHG WR WKH &RWWRQ HIIHFWV RI LQK
FKURPRSKRUHV VXFK DV XQVDWXUDWHG NHWRQHV GLHQHV VNHZHG
DONHQHV DQG KHOLFLQHYV

THUPLQDO 4XHVWLRQV

linear circular polarisation eliptical polarisation
polarisation (right hand) (right hand)

polarisation of electromagnetic waves

2 2 2

linear circular elliptical

:KHQ D VDPSOH KDV WKH GLITHUHQW UHIUDFWLYH LQGLFHYV IRU WKH
KDQGHG SRODULVHG OLJKWY DQG WKHVH FRPSRQHQWY RI OLJKW UH
SDVVLQJ WKURXJK WKH VDPSOH WKHQ WKH SODQH SRODULVHG OLJK
WKURXJK DRQ7BQVOH FDOOHG 25' :KLOH &' LV WKH GLIITHUHQWLDO

DEVRUSWLRQ RI OHIW DQG ULJKW KDQGHG FLUFXODUO\ SRODULVHG

1RUPDO FXUYHV GR QRW FURVV WKH JHUR URWDWLRQ OLQH 6XFK FX|
REWDLQHG IRU FRPSRXQGV ZKLFK GR QRW KDYH DEVRUSWLRQ LQ WK
UHJLRQ ZKHUH RSWLFDO DFWLYLW\ LV EHLQJ PHDVXUHG H J DOFRE
K\GURFDUERQV H[KLELW VXFK SODLQ FXUYHV

2Q WKH RWKHU KDQG LI DQRPRORXV FXUYHV VKRZ SHDNV PDI[LPD L
WURXJKY PLPLQD GHSHQGLQJ RQ WKH QXPEHU RI DEVRUELQJ JURXS
KDSSHQY GXH WR WKH DEQRUPDO GLVSHUVLRQ RI UHIUDFWLYH LQGH
RI@p

2SWLFDOO\ DFWLYH FKURPRSKRUHV DUH WKRVH ZKLFK KDYH DQ DV\I
FDUERQ DWRP DQG ZKLFK DOVR FRIPRMIRX D FXWRHPRSKRUH
DUH REWDLQHG IRU FRPSRXQGV KDYLQJ VXFK FKURPRSKRUHYV

5HIHU WR 6HFWLRQ



