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20.3.1Stereoisomers

Conformational & Configurational Isomers

= |somers are compounds that have the same molecular formula but a different arrangement of atoms

= |somers canbe grouped into various categories, as shown:

ISOMERS

ARE THE ATOMS OF THE

COMPOUND CONNECTED YES
IN THE SAME ORDER?
STRUCTURAL STEREOISOMERS
ISOMERS DIFFERENT SPATIAL
ARRANGEMENT OF
ARSI ERIEHS ATOMS IN MOLECULES
FUNCTIONAL S;geg;r?:vaﬁACHED BRANCH—-CHAIN
GROUP PN
)\ o \l/ IS THERE FREE ROTATION VES
oh 7 | [POSITIONAL ABOUT SINGLE BONDS?
OH
o I
CONFIGURATIONAL CONFORMATIONAL
ISOMERS ISOMERS
CAN BE INTERCONVERTED
BY ROTATION ABOUT
SIGMA BONDS
e NN o
3 aH HE SH
AWy
"o, on,
OPTICAL ISOMERS CIS/TRANS AND H
COMPOUNDS THAT CONTAIN E/Z ISOMERS
careon atow ROTATION ABOUT BONDS

|
ARE THE COMPOUNDS
NON-SUPERIMPOSABLE YES
MIRROR IMAGES?

1 C
a0, X

ENANTIOMERS
CH,CH, CH,CH,
DIASTEREOMERS . ),‘..H Hin
ClL
cH, & cn, &M CH, CH,
) I
- H - H
cHy 7 cny %

Br

Flow chart of the various isomers with points to help identify them
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= At Standard Level, we encountered three types of structuralisomers:
= Functional group isomers, e.g. propanal and propanone
= Positionisomers, e.g. propan-1-ol and propan-2-ol
= Branch-chainisomers, e.g. butane and methylpropane

= |fthe atoms withinanisomer are arrangedin the same order then we are dealing with stereocisomers
= Stereoisomers can be conformational or configurational

Conformational Isomers

= Conformationalisomers, or conformers, occur due to free rotation about a single c-bond and can be
described as:
= Staggered
= Eclipsed

= One of the simplest examples of conformationalisomerismis ethane, CHzCHz

\\\'\
H \H BOND TO
LOOK ALONG

Three-dimensional structure of ethane identifying the bond for conformational isomerism

= Bylooking alongthe C-C bond highlighted in the diagram we can draw the two Newman projections,
staggered and eclipsed

STAGGERED ECLIPSED
CONFORMER CONFORMER
H HH REAR

INTER
H  CoNVERSION
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The staggered and eclipsed conformers of ethane

= The staggered conformer has angles between hydrogen atoms on adjacent carbons of 60°, as shown
= |tisalsomore stable /lower energy than the eclipsed conformer because the C-H bonds are as far
apart as possible to minimise the repulsion between the electronsin the C-H bonds

= The eclipsed conformerhas angles between hydrogen atoms on adjacent carbons of 0, thisis not
shownin the diagrams so that the conformation canbe seen

= Theeclipsed conformerisless stable / higher energy due to the repulsion between the electronsin
the C-Hbonds that are closer together

= Thefreerotation that causes these conformers means that it is easy to interconvert from one
conformerto the otherand back

= Thisisalso thereasonthatitis almostimpossible toisolate a single conformer

Conformational Isomerism in Cyclic Structures

= Conformationalisomerism can also be seenin cyclic structures
= Acommonexample of thisis cyclohexane, C¢Hi,
= Cyclohexane isomers existinboat and chairforms:

/[~

Skeletal structures showing the boat and chair forms of cyclohexane

= Theboatformisless stable /higherenergy as there are four eclipsed bonds causing strain on the
overall structure

= Thereisalsorepulsion of the hydrogen atoms on the end of the boat structure

= |tispossible to "flip" between the boat and chair forms which explains the difficulty inisolating just one
of the forms

= During the interconversions, it also possible to get other structures commonly called the half chair
and the twisted boat

Configurational Isomers

= |nterconversion of configurationalisomers can only occur by breaking bonds orrearranging
stereocentres

= Configurationalisomers can be divided into:
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® cjs/transisomersand E/Zisomers /

= opticalisomers
Your notes
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20.3.2Cis-Trans & E/Z Isomers

Cis-Trans & E/Z Isomers

= Configurationalisomerism can be seeninunsaturated compounds, cyclic structures or compounds

that contain at least one asymmetric carbon (sometimes called a chiral centre)
= These structures have the same molecular formula and order of atoms (the atoms are connected
similarly to each other) but different shapes

= Aspreviously discussed, these can be grouped into further types of isomers:

Ci

= Cis/trans
» F/7
= Optical

© ExaminerTip

You may still see the term geometric isomers being used when talking about some configurational
isomers This was recommended by I[UPAC but itis now obsolete and being replaced with cis-trans
isomersand E/Zisomers

s /transisomers

In saturated compounds, the atoms / functional groups attached to the single, c-bonded carbons are
not fixed in their position due to the free rotation about the C-C o-bond
= This causes conformational isomers, as previously discussed

Inunsaturated compounds, the groups attached to the C=C carbons remain fixed in their position

= Thisisbecause free rotation of the bonds about the C=C bond is not possible due to the presence
of amtbond

Cis /trans nomenclature can be used to distinguish between the isomers
= Cisisomers have two functional groups on the same side of the double bond / carbonring,i.e.
both above the C=C bond or both below the C=C bond

= Transisomers have two functional groups on opposite sides of the double bond / carbonring,i.e.
one above and one below the C=C bond
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1, 2 — ETHANEDIOL 1, 2 — ETHANEDIOL ,
Your notes

FREE ROTATION
ABOUT THIS BOND

\C (} C/ /INTERCONVERT\ H\C C/H

W Yy < rd W T Ly

H\\\ \ ///H H\\\ l \ ///H
OH OH HO OH

ROTATION ABOUT C-C BOND IS POSSIBLE SO THE TWO
MOLECULES CAN CHANGE FROM ONE CONFORMATION INTO
THE OTHER: THE 2 MOLECULES ARE IDENTICAL

TRANS-1, 2—-ETHENEDIOL CIS -1, 2-ETHENEDIOL
C-H & BOND C-OH & BOND
NO
H OH INTERCONVERSION HO\ OH
9T BOND cC—C <& S c—C 9T BOND
HO H H H
C-0OH & BOND C-H G BOND

NO ROTATION AROUND C=C POSSIBLE SO THE 2 MOLECULES
CAN'T CHANGE FROM ONE CONFORMATION INTO THE OTHER: EACH
ISOMER HAS DIFFERENT CHEMICAL AND PHYSICAL PROPERTIES

The presence of atbond in unsaturated compounds restricts rotation about the C=C bond forcing the
groups to remain fixed in their position and giving rise to the formation of certain configurational
isomers

Naming cis / trans isomers

= Forcis/transisomers to exist, we need two different atoms or groups of atoms on either side of the
C=Cbond
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= This means that 2-methylpropene cannot have cis / transisomers as the methyl groups are both on ,
the same side of the C=C bond:
Your notes
H CH
\ AR
C=C
H CH

2-methylpropene molecules do not have cis / trans isomers

= However, moving one of the methyl groups to the other side of the C=C bond causes cis / trans
isomerism:

H.C CH, H CH,
AN / AN /

C=C
/ AN

H rl H.C H

CIS BUT—-2—-ENE TRANS BUT—-2—-ENE

But-2-ene does have cis / trans isomers

= The atoms or groups of atoms on either side of the C=C bond do not have to be the same for cis / trans
isomers:

H.C Cl H Cl
\C:C/ \C_:C/
/ AN /

H H H,C H
CIS 1-CHLOROPROP-1-ENE TRANS 1-CHLOROPROP-1-ENE

1-chloroprop-1-ene also shows cis / trans isomerism

= However, the cis /trans naming system starts to fail once we have more than one atom or group of
atoms on either side of the C=C bond
= Thecis/trans naming system can still be used with three atoms / groups of atoms but only if:
= Two of the three atoms or groups of atoms are the same
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= Thesetwo atoms or groups of atoms are on opposite sides of the double bond

H.C H H.C Cl
\C__C/ \C__C/
/ AN / AN
cl cl Cl H
CIS 1,2-DICHLOROPROPENE TRANS 1,2-DICHLOROPROPENE
HAS BOTH CL ATOMS ON HAS BOTH CL ATOMS ON
THE SAME SIDE THE OPPOSITE SIDES

1,2-dichloropropene can be named using cis / trans

= Thecis/trans naming system cannot be used with three atoms / groups of atoms when they are all
different

= Thisrequires the use of the E/Znaming system

AN
Cl H
4~BROMO—2CHLOROPROPENE

1-bromo-2-chloropropene cannot be named using cis / trans

O Examiner Tip

Although not part of this topic, the relationship between cis / trans isomers, their packing and melting
pointsis applicable to the Option B: Biochemistry topicCis / trans isomerism affects the
intermolecular forces by introducing a dipole moment between molecules, not just London dispersion

forces. This will affect the packing of the molecules as well as physical properties such as melting and
boiling point

Cycliccis / transisomers

= Cis/transisomerism canalso occurincyclic structures

= Eventhough cyclic alkanes contain single carbon-carbon bonds, the rigid structure of the ring
system does not allow for free rotation

= Therefore, cisisomers can occur when the atoms (or groups of atoms) are on the same
side of thering, i.e. both above orboth below
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= While transisomers can occur when the atoms (or groups of atoms) are on the opposite ,
side of thering, i.e. one above and one below
Your notes
CIS-1, 4— CYCLOHEXANEDIOL CIS-1, 4—-CYCLOHEXANEDIOL
OH OH
OH OH

TRANS -1, 4— CYCLOHEXANEDIOL [ TRANS —1, 4— CYCLOHEXANEDIOL
OH - OH
ABOVE = BELOW
<~———l CARBON = > CARBON
RING RING
~ 1
BELOW ABOVE
Z 1o CARBON > CARBON
= RING RING
OH OH
OH
OH

Cis / trans isomerism in cyclic compounds
E/Zisomers

= Todiscuss E/Zisomers, we will use an alkene of the general formula CoR4:
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R, R,
AN / s/

C=C Your notes

The general alkene, C2R4

= Whenthe groups Ry, Ry, Rzand R4 are all different (i.e. R1# Ry # Rz # Ry), we have to use the E/ Znaming
system
= Thisisbased on Cahn-Ingold-Prelog (CIP) priority rules

= Todothis, we look at the atomic number of the first atom attached to the carbonin question
= The higherthe atomic number; the higher the priority

= Forexample, 2-bromo-T-propen-1-ol has four different atoms or groups of atoms attached to the
C=Cbond
= This means thatit can have two different displayed formulae:

COMPOUND A | COMPOUND B |
R, R, R, R,
H OH H

\C o C/ \C o C/
/ /
Br Br OH

R R R, R

2-Bromo-1-propen-1-ol (compounds A and B)

Compound A

= Step1: Apply the CIP priority rules
= |LookatRjandRz:
= Bromine has a higher atomic number than hydrogen so bromine has priority

= |LookatRyandRy:
= Oxygen has a higher atomic number than carbon so oxygen has priority

= Step 2:DeduceEorZ
= Eisomers have the highest priority groups on opposite sides of the C=C bond, i.e. one above and
one below
= The Ecomes fromthe Germanword "entgegen” meaning opposite
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= Zisomers have the highest priority groups on the same side of the C=C bond, i.e. both above or ,
both below
= TheZcomesfromthe Germanword "zusammen" meaning together Your notes

Incompound A, the two highest priority groups are on opposite sides (above and below) the C=C
bond

= Therefore,compoundAis E-2-bromo-1-propen-1-ol

Compound B

= Step 1: Apply the CIP priority rules
= |LookatRjandRz:

= Bromine has a higher atomic number than hydrogen so bromine has priority

= |LookatRyandRy:
= Oxygen has a higher atomic number than carbon so oxygen has priority

= Step 2:DeduceEorZ

= |Incompound B, the two highest priority groups are on the same side (both below) the C=C bond
= Therefore, compoundBis Z-2-bromo-1-propen-1-ol

More complicated E / Zisomers

= Compound X exhibits E / Zisomerism:

R, R,
H.CH,C CH,
AN /
C=C
BrH,C CH,OH
R, R,
Compound X

= Step 1: Apply the CIP priority rules
= |LookatRjandRz:
= Carbonisthe first atom attached to the C=C bond, on the left hand side

= |LookatRyandRu:
= Carbonisthe firstatom attached to the C=C bond, on the right hand side

= This means that we cannot deduce if compound Xis an E or Zisomer by applying the CIP priority
rules to the first atom attached to the C=C bond

= Therefore, we now have to look at the second atoms attached
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= |ookagainatRjandRz: ,
= Thesecondatoms attached to Ryare hydrogens and another carbon
= The secondatoms attached to Rz are hydrogens and bromine Your notes

= \We canignore the hydrogens as both R groups have hydrogens
= Bromine has a higher atomic number than carbon, so bromine is the higher priority
= Therefore, the CH,Br group has priority over the CH3CH, group

= |LookagainatRyandRy:
= Thesecondatoms attached to R, are hydrogens
= Thesecondatoms attached to Rz are hydrogens and an oxygen
= Oxygenhas ahigheratomic numberthan hydrogen, so oxygenis the higher priority
= Therefore, the CH,OH group has priority over the CHz group
= Step 2:DeduceEorZ

= |Incompound X, the two highest priority groups are on the same side (both below) the C=C bond
= Therefore, compound Xis the Zisomer
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20.3.3 Optical Isomers 4

Your notes
Optical Isomers

Opticalisomers

= Acarbonatom that has four different atoms or groups of atoms attached to it is called a chiral carbon
or chiral centre
= Chiracomesfroma Greek word meaning hand, so we talk about these molecules having a
handedness

= The carbonatomis described as being asymmetric, i.e. there is no plane of symmetry in the molecule
= Compounds with one chiral centre (chiral molecules) exist as two optical isomers, also known as
enantiomers
= Justlike the left hand cannot be superimposed on the right hand, enantiomers are non-
superimposable
= Enantiomers are mirrorimages of each other
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GROUP 4

C@/E CHIRAL CENTRE

GROUP 3 9\9@_ cé/E GROUP 2

I
Br
NOT A CHIRAL CENTRE

N,

THIS CHIRAL CENTRE GIVES RISE TO TWO ENANTIOMERS
(MIRROR IMAGES WHICH ARE NON-SUPERIMPOSABLE)

CHIRAL CENTRE H Y CHIRAL CENTRE
I I
HLC 1 € Crinn CH,
y “OH HO™

ENANTIOMER 1

ENANTIOMER 2

|
|
I
I
I
I
Br : Br
I
|
|
I
|

MIRROR PLANE

A molecule has a chiral centre when the carbon atom is bonded to four different atoms or group of
atoms; this gives rises to enantiomers
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O Examiner Tip

When drawing optical isomers, always draw mirrorimages including wedge and dashed bonds

| CHIRAL CENTRE

i c

ENANTIOMER 1

Diastereomers

CHIRAL CENTRE

CII

|
)

ENANTIOMER 2

= Diastereomers are compounds that contain more than one chiral centre
= Diastereomers are not mirrorimages of each otherbecause each chiral carbon has two isomers
= Thisalso means that they have different physical and chemical properties

H
HC_
= Cl
) H
HCT N
: Br

2-bromo-3-chlorobutane exists as a diastereomer due to 2 chiral centres
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Polarimetry /

. L Your notes
Properties of opticalisomers

= The chemical properties of opticalisomers are generally identical, with one exception
= Opticalisomersinteract with biological sensorsin different ways
= Forexample, one enantiomer of carvone smells of spearmint, while the other smells of
caraway

=

2
2

SPEARMINT AROMA CARAWAY AROMA

Carvone optical isomers have distinctive smells

= Opticalisomers have identical physical properties, with one exception
= |somers differintheir ability to rotate the plane of polarised light

—

Vv
N N
< >~
o~ -~
A\ v
UNPOLARIZED PLANE
LIGHT POLARIZER POLARIZED

LIGHT

—
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When unpolarised light is passed through a polariser, the light becomes polarised as the waves will
vibrate in one plane only

= The major difference between the two enantiomersis:
= One enantiomerrotates plane polarised light in a clockwise manner and the otherin
an anticlockwise fashion
= Acommon way to differentiate theisomersis touse (+) and (-), but there are other systems usingd
andl,Dandl,orRandS

= Therotation of plane polarised light can be used to determine the identity of an opticalisomer of a

single substance

= Forexample, pass plane polarised light through a sample containing one of the two optical
isomers of a single substance

Depending on whichisomer the sample contains, the plane of polarised light will be rotated either

clockwise or anti-clockwise by a fixed number of degrees

<W>- v = || ==
2N

UNPOLARISED
LIGHT

POLARIZER | | POLARISED

LIGHT

A
H

| ENANTIOMER 1| |ROTATED
ANTICLOCKWISE

F
| V)
= Cl—CuiBr = \7

F (AN

=) BrimC—Cl ==

A
H

|[ENANTIOMER 2|  |ROTATED
CLOCKWISE

Each enantiomer rotates the plane of polarised light in a different direction
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Racemic Mixtures

= Aracemic mixture (orracemate)is a mixture containing equal amounts of each enantiomer

= One enantiomerrotates light clockwise, the otherrotates light anticlockwise

= Aracemic mixture is optically inactive as the enantiomers will cancel out each others effect

= This means that the plane of polarised light willnot change

U RACEMIC MIXTURE U

50% ENANTIOMER 1 PLANE POLARISED
ELG‘T_‘NTE POLARISED| — | 507 ENANTIOMER 2 | = |LIGHT REMAINS
UNCHANGED
KEY:
ENANTIOMER 1= ROTATES PLANE CLOCKWISE
ENANTIOMER 2 = ROTATES PLANE ANTICLOCKWISE

Racemic mixtures are optically inactive

Racemic mixtures and drugs

Inthe pharmaceutical industry, itis much easier to produce synthetic drugs that are racemic mixtures
than producing one enantiomer of the drug

Around 56% of all drugsin use are chiral and of those 88% are sold as racemic mixtures

Separating the enantiomers gives a compound that is described as enantiopure, it contains only one
enantiomer

This separation process is very expensive and time consuming, so for many drugs it is not worthwhile,
even though only half the of the drug is pharmacologically active

Forexample, the painrelieveribuprofenis sold as a racemic mixture
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HC_ CH, V4
C Your notes
AN
CH, H
CH3—<|:'—COOH
H

The structure of ibuprofen showing the chiral carbon that is responsible for the racemic mixture
produced in the synthesis of the drug
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