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Expected Outcomes

In the end of this chapter, student will have the ability

to:

- Draw Lewis structure

- ldentify ionic and covalent bond in a compounds

- Differentiate isomers and resonance Lewis
drawing

- EXxplain characteristic and properties of
constitutional Isomers, enantiomers,
diastereoisomers, and racemic mixture

- Predict the shape of molecules

- Draw condensed structures and skeletal structure
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Stereochemistry

» Stereochemistry refers to the three-dimensional structure of a molecule.

¢ In cellulose, the O atom joins two rings using two equatorial bonds.
* In starch, the O atom joins two rings using one equatorial and one axial bond.

Cellulose
| Starch |
equatorial OH axial
OH l OH : 0 equatorial
0 : "HO OH
°HO 0 Q :
HO O ¢ HO ) 0
OH T OH HO
torial c
equatoria HO O—:
two equatorial bonds one axial, one equatorial bond
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Stereochemistry

The Two Major Classes of Isomers

« The two major classes of isomers are constitutional isomers and
stereoisomers.

®» Constitutional/structural isomers have different IUPAC names,
the same or different functional groups, different physical
properties and different chemical properties.

®» Stereoisomers differ only in the way the atoms are oriented in
space. They have identical IUPAC names (except for a prefix
like cis or trans). They always have the same functional
group(s).
« A particular three-dimensional arrangement is called a
configuration. Stereoisomers differ in configuration.



Stereochemistry

A comparison of constitutional isomers and stereoisomers

CgHya CeH1a
CHiCHOH,CH,CH; and  CHyCH,CHCH,CHs
CHs CHs

2-methylpentane 3-methylpentane

same molecular formula
different names

constitutional isomers

C7Hy4 C7H14
and
CH;  CH, CHy  CH,
cis-1,2-dimethyl- trans-1,2-dimethyl-
cyclopentane cyclopentane
f

same molecular formula
same name except for the prefix

stereoisomers



Stereochemistry

Physical Properties of Stereoisomers—Optical Activity

« The chemical and physical properties of two enantiomers are
identical except in their interaction with chiral substances. They
have identical physical properties, except for how they interact with
plane-polarized light.

* Plane-polarized (polarized) light is light that has an electric vector
that oscillates in a single plane. Plane-polarized light arises from
passing ordinary light through a polarizer.

« A polarimeter is an instrument that allows polarized light to travel
through a sample tube containing an organic compound. It permits
the measurement of the degree to which an organic compound
rotates plane-polarized light.
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Physical Properties of Stereoisomers—Optical Activity

« With achiral compounds, the light that exits the sample tube
remains unchanged. A compound that does not change the
plane of polarized light is said to be optically inactive.

/ The plane of polarization is not changed. |

/
light ¥ \ \
source ‘ 1
AT 'l ; \
' /
l /
‘ / g
= N “y/
ordinary , e oY /
light olarizer
2 P sampITe tube \
achiral compound exiting
plane-polarized light plane-polarized light
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Physical Properties of Stereoisomers—Optical Activity —

« With chiral compounds, the plane of the polarized light is
rotated through an angle a. The angle a is measured in degrees
(°), and is called the observed rotation. A compound that rotates
polarized light is said to be optically active.

The plane of polarization is changed. |

light / \
source
. \ analyzer
' \
\
< el v
ordinary " |
light lari
g polarizer sampITe il

chiral compound exiting

ane-polarized light Iane-EoIariz__ed,Iightv -
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Physical Properties of Stereoisomers—Optical Activity

* The rotation of polarized light can be clockwise or anticlockwise.

« If the rotation is clockwise (to the right of the noon position), the
compound is called dextrorotatory. The rotation is labeled d or
(+).

 If the rotation is counterclockwise, (to the left of noon), the
compound is called levorotatory. The rotation is labeled | or (-).

 Two enantiomers rotate plane-polarized light to an equal extent
but in opposite directions. Thus, If enantiomer A rotates
polarized light +5°, the same concentration of enantiomer B
rotates it —5°.

* No relationship exists between R and S prefixes and the (+) and
(-) designations that indicate optical rotation.

Communitising Technalogy
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Physical Properties of Stereoisomers—OQOptical Activity

« Specific rotation Is a standardized physical constant for the
amount that a chiral compound rotates plane-polarized light.
Specific rotation is denoted by the symbol [a] and defined using
a specific sample tube length (I, in dm), concentration (c in
g/mL), temperature (25°C) and wavelength (589 nm).

observed rotation (°)
length of sample tube (dm)
concentration (g/mL)

specific  _ o
rotation Lod

—
nu

dm = decimeter
1dm=10cm

Communitising Technalogy



Terms used to describe optical isomers: er:;;‘g
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An optically active compound can exist in two isomeric forms which rotate the
plane-polarized light in OPPOSITE DIRECTIONS. These are called
OPTICAL ISOMERS.

1. Optically active molecule is a molecule that can not be
superimposed on its mirror image. It is also called
chiral molecule.

2. Asymmetric carbon is a carbon atom that is bonded to
four (4) different groups. It is also called chiral carbon.

3. Enantiomers (Greek, enantio = opposite) are optical active

that are mirror images.

4. Diastereomers are optical isomer but not mirror images.

5. Racemic mixture is a mixture of equal parts of
enantiomers. Racemic mixtures optically inactive.

6. Meso compounds is a compound that has more than

one asymmetric carbon and that is superimposable on
Its mirror image. Meso compounds are optically inactive.

— Communiﬁsjng fecl !OJy



Isomers of Tartaric acid vmuéwg

H——C——COOH

H—— C——COOH

OH 2,3-dihydroxysuccinic acid

COOH | COOH (|ZOOH
H—C—OH . HO—C—H H——¢—OH Equimolar mixture of
TGy (+) and (-) forms
HO—C——H ! H——C——OH H—C|:—OH (Racemix mixture)
COOH COOH COOH
(+) Tartaric acid (-) Tartaric acid meso-Acid (+) Acid
mp =170 °C mp =170 °C mp = 143°C mp =206 °C
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Physical Properties of Stereoisomers—Racemic Mixtures

« An equal amount of two enantiomers is called a racemic mixture
or a racemate. A racemic mixture is optically inactive. Because
two enantiomers rotate plane-polarized light to an equal extent
but in opposite directions, the rotations cancel, and no rotation
IS observed.

The Physical Properties of Enantiomers A and B

Compared
Property A alone B alone Racemic A+ B
Melting point identical to B identical to A may be different from A and B
Boiling point identical to B identical to A may be different from Aand B

Optical rotation equal in magnitude equal in magnitude 0°
but opposite in sign but opposite in sign
toB to A

— CO[nmuniﬁsjng fecl !cgy
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Chiral and Achiral Molecules

« Some molecules are like hands. Left and right hands are
mirror images, but they are not identical, or superimposable.

left hand right hand nonsuperimposable

mirror

* A molecule (or object) that is not superimposable on its mirror image is said to be chiral.

Communitising Technolagy
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Stereochemistry vumversm

Chiral and Achiral Molecules

« We can now consider several molecules to determine
whether or not they are chiral.

The bonds and atoms align.

mirror

The bonds and atoms align.

Ny /
/I? %L‘ %&‘

L Rotate the molecule
to align bonds.

mirror

’ CH,BrCl is achiral.

Communitising Technaldgy
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 The molecule labeled A and its mirror image labeled B are not
superimposable. No matter how you rotate A and B, all the atoms
never align. Thus, IS a chiral molecule, and A and B are

different compounds.

- A and B are stereoisomers—specifically, they are enantiomers.

« A carbon atom with four different groups Is a tetrahedral
stereogenic center.

Draw the molecule...then the mirror image.

/1’ (|3H3 ?HS
J B Cl'n’,lr ,‘l,'l'IC B X ;
?‘ CHCH; Vo fo?  CHACHs ‘
< < A B ¢ <

mirror
not superimposable

enantiomers

Communitising Technalogy




B} - Universiti
Stereochemistry Q.ﬁﬂ:m'é

mmmmmmm « Technology + Creatwity

Chiral and Achiral Molecules

« Achiral molecules usually contain a plane of symmetry but
chiral molecules do not.

* A plane of symmetry is a that cuts the molecule
In half, so that one half of the molecule is a reflection of the
other half.
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Chiral and Achiral Molecules

CH,BrCI CHBrCIF
plane of symmetry NO plane of symmetry
* !
Aligning the C—Cl and C-Brbonds :

in each molecule.

" ’

This molecule has

two identical halves. CHBICIE is chiral.

CH,BrCl is achiral.

Communitising Technalagy
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Stereogenic Centers

 To locate a stereogenic center, examine
, and look at the four groups—
not the four atoms—bonded to it.

from consideration all C atoms that cannot
be tetrahedral stereogenic centers. These include

» CH, and CH; groups
®» Any sp or sp? hybridized C

This C is bonded to: H

o H Br
r | CHECHS

|
Cl/_(%_l CHBCHE _?_ CHQCHECHB CHECH2CH3
F
stereogenic center Br

stereogenic center two different alkyl groups

3-bromohexane
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Three-dimensional
representations for pairs
of enantiomers

Leucine, an amino acid 3-Bromohexane

Remember: H and Br are directly aligned,
one behind the other.

COOH COOH } }
| | Br H

C C H JBr :

“N'H HYy ™~ , S
(CHs)chCHz/ \NH H2N/ CH,CH(CH3), /\A/ \);\/\

]— enantiomers J

L | J
enantiomers

[* = stereogenic center]

Communitising Technelogy
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Stereogenic Centers

* Man y | Two enantiomers of thalidomide |
biologically
active stereogenic center stereogemc center
molecules U j\/\I
contain
stereogenic 0 o
cen t ers at anti-nausea drug teratogen
ring carbons ]
CHz—C-.
HO %) o
HO O 513, OH
OH
sucrose taxol = =
(table sugar) Trade name: Paclitaxel ~O=¢” O

(anticancer agent) o CH,
[* = stereogenic center] 0
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Labeling Stereogenic Centers with R or S
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« Since enantiomers are two different compounds, they need
to be distinguished by name. This is done by adding the
prefix R or S to the IUPAC name of the enantiomer.

« Naming enantiomers with the prefixes R or S is called the
Cahn-Ingold-Prelog system (CIP Rule).

 To designate enantiomers as R or S, priorities must be
assigned to each group bonded to the stereogenic center, In
order of decreasing atomic number. The atom of highest
atomic number gets the highest priority (1).

H(l) | [1]
I:(9) (3)—> C Br <=— (1)
Cl [9] | [35]
(17)
Br (35) (2)—ClI [17]
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 |If two atoms on a stereogenic center are the same, assign
priority based on the atomic number of the atoms bonded to
these atoms. One atom of higher atomic number determines

the higher priority.

Following rule 1:

'I' 4 (lowest atomic number)
CHy—G—CH,CHs Vi i
OH H
2-butanol CH3_CI:_CH?CH:3
|  oH
2or3 T

1 (highest atomic number)
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Labeling Stereogenic Centers with R or S

Adding rule 2:
’ j
This C is bonded to 2 H's and 1 C. §—<|;_CH3
H 1 H
higher priority group (2)

I
CHs_?_CHcha
| oH g

This C is bonded to 3 H's. H—C') —§ lower priority group (3)
H

Communitising Technelagy
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Labeling Stereogenic Centers with R or S

« To assign a priority to an atom that is part of a multiple bond, treat
a multiply bonded atom as an equivalent number of singly bonded
atoms. For example, the C of a C=0 is considered to be bonded to

two O atoms.

bonded to a stereogenic center here 0 C
£ ]

%iﬁ::O equivalent to g—('I:—O

/H /H

Consider this C bonded to 2 O’s.

e Other common multiple bonds are drawn below:

, C C . C C
equivalent to | | equivalent to I
3 A Ry frewen S d3aa
H H H, H C C
T 1
Each atom in the double bond Each atom in the triple bond
is drawn twice. is drawn three times.

Communitising Technaldgy
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Labeling Stereogenic Centers with R or S

Examples of assigning
priorities to stereogenic centers

Br ?HZCHECHa ¢:|)H
H_&_cH o1 | CHaC—CH;CH,CH,CH,CH, H~C—CH,OH
CIJI CH(CHs), COOH




Stereochemistry
Labeling Stereogenic Centers with R or S

Examples of assigning
priorities to stereogenic centers

1 3
BII' ?HQCH2CH3
4 H—*(ID—CHzl 3 4 CH3—*(|3—CHZCHQCHZCH20H3 2
Cl CH(CHa),
: L
I is NOT bonded directly This is the highest priority C since
to the stereogenic center. it is bonded to 2 other C's.

[* = stereogenic center]

Universiti
Malaysia
PAHANG

highest atomic number =
highest priority

B
OH
4 H-C—CH,OH 3

COOH
I

This C is considered
bonded to 3 O's.

Communitising Technelcgy
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Labeling Stereogenic Centers with R or S

Assign RorStoa Stereogenic Center

Example Label each enantiomer as R or S.

H ?H
H\ul' ~ "H,H
cHf CHCH; CH4CHZ C\CH3
A B
two enantiomers of 2-butanol "

Step[1] Assign priorities from 1 to 4 to each group bonded to the stereogenic center.
» The priorities for the four groups around the stereogenic center in 2-butanol -

-OH -CHcha -CH3 "H
1 2 3 4
highest lowest
. Decreasing priority

Communitising TechnelGgy
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Labeling Stereogenic Centers with R or S

How To, continued . . .

Orient the molecule with the lowest priority group (4) back (on a dash), and visualize the relative positions of the

Step [2]
remaining three groups (priorities 1, 2, and 3).
» For each enantiomer of 2-butanol, look toward the lowest priority group, drawn behind the plane, down the C—H bond.
1
U 1
OH
O YR W,
enantiomer A 4 CHHI? \\CHECHS \70\“ -
3 3 2 3 2
3 2 T
Looking toward priority group 4 and
visualizing priority groups 1, 2, and 3.
1
OH ! 1
enantiomer B ﬁh“'m Ll: H 4 ?&%”*J}, 4 /L
-~ {’ = T ‘\f’ =
2 3
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Labeling Stereogenic Centers with R or S |
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Step[3] Trace a circle from priority group 1 — 2 — 3.

e [f tracing the circle goes in the clockwise direction—to the right from the noon position—the isomer is named R.
* |f tracing the circle goes in the counterclockwise direction—to the left from the noon position—the isomer is named S.

clockwise _ coqnterclockwise
{R isomer ’ \ Sisomer

¢ The letters R or S precede the IUPAC name of the molecule. For the enantiomers of 2-butanol:

’ Enantiomer B is L

CH,CHj,4 [ EnantiomerAis |
(S)-2-butanol. \

{—2 ‘ ' (R)}-2-butanol. |

clockwise counterclockwise

l R isomer Sisomer
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Diastereomers

« For a molecule with n stereogenic centers, the maximum number
of stereoisomers is 2". Let us consider the stepwise procedure for
finding all the possible stereocisomers of 2,3-dibromopentane.

How To Find and Draw All Possible Stereoisomers for a Compound
with Two Stereogenic Centers

Step[1] Draw one stereocisomer by arbitrarily arranging substituents around the stereogenic centers. Then draw its
mirror image.

Draw one sterecisomer
of 2,3-dibromopentane...

...then draw its mirror image.

|

Communitising Technaiogy
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Diastereomers

 If you have drawn the compound and the mirror image in the
described manner, you have only to do two operations to see if the
atoms align. Place B directly on top of A; and rotate B 180° and

place it on top of A to see if the atoms align.

A and B are different compounds.

b
CH3CH2 CH3 CH3 CH2CH3 CH3 CH20H3
\ 7 rotate \ / \ /
H ““C*C(' H B “]'C—C'\" B HYy  \H
: : o ‘Br . %

Br Br H H Br Br

180° H and Br do not align.
B

* In this case, the atoms of A and B do not align, making A and B
nonsuperimposable mirror images—I.e., enantiomers. Thus, A and
B are two of the four possible stereoisomers of 2,3-

dibromopentane.
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Diastereomers

e Switching the positions of H and Br (or any two groups) on one
stereogenic center of either A or B forms a new stereoisomer (labeled
C in this example), which is different from A and B. The mirror image
of C is labeled D. C and D are enantiomers.

How To, continued . . .

CH3 CHECHa CH3 CHECHa CHSCHE CH3
AN AN N
H ‘/“C_ H ~~~™ g ‘/“C_C’{ H HY \B
[ r\‘- s r
Br Br H Br B \-1
‘ A T c D

With models...

« Stereoisomers that are not mirror images of one another are
called diastereomers. For example, A and C are diastereomers.

Communitising Technaiggy
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Diastereomers

Summary: The four
stereoisomers of 2,3-
dibromopentane

CHj CH,CHg, CH3CH, CHgy CHj CH,CH, CH3;CH, CH4
\ / I { \ / N4
H ‘70_ 4, H H \7C_C’/,, H B ‘7C_C’l,' H H \7C—C’l,' Br
\ ’ \ ’ r\ ’ \ ’
Br Br Br Br H r Br =
A B C D

W | (|

T A and B are diastereomers of C and D. I

e Pairs of enantiomers: A and B; C and D.
e Pairs of diastereomers: A and C; A and
D; B and C; B and D.
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Meso Compounds

 Let us now consider the stereoisomers of 2,3-dibromobutane. Since
this molecule has two stereogenic centers, the maximum number of

stereoisomers is 4. 0ol

el Ly
CHS_(E_CI:_CHS
Br Br

2.,3-dibromobutane
[* = stereogenic center]

 To find all the stereoisomers of 2,3-dibromobutane, add the H, Br, and
CH; groups to the stereogenic centers, forming one stereoisomer A,
and then draw its mirror image, B.

CH;  CH, CH;  CHj,
\ \C C/
B H/ """ Br BrY T\ H
4 \H H/ AN

[—>>

enantiomers J

Communitising Technaicgy
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Meso Compounds

« To find the other two stereoisomers if they exist, switch the position of
two groups on one stereogenic center of one enantiomer only. In this
case, switching the positions of H and Br on one stereogenic center of
A forms C, which is different from both A and D.

CHj CH, CHg, CH, CHj CH,
\ / \ / \ /
oC—C,,, ———— WC=C,, OB W C—C..,
H'¢  \'Br Br'd  \'Br Br'd  \'Br
Br H H H H H
A I C D

\ . / D is not another stereocisomer.
Switch H and Br on one identical
stereogenic center. C=D
-
<
with models...
< <
C

« A meso compound is an achiral compound that contains tetrahedral
stereogenic centers. C is a meso compound.

Communitising Technaiogy
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Meso Compounds

Summary: The three
stereoisomers 2,3-
dibromobutane

CHy CHg CHg CHj CHyq CHjy
e c/ b c/ R c/
H\\\\\ ’t;“ Br Br\\.-,.\"' U”’H Br\““ -’.‘,fr Br
Br H HI e H/ \H
A B C

L enantiomers —T meso compound
1 f

A and B are diastereomers of C.

¢ Pair of enantiomers:
A and B.

¢ Pairs of diastereomers:
A and C; B and C.

Communitising Technaicgy
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R and S Assignments in Compounds with Two or More Stereogenic
Centers.

 When a compound has more than one stereogenic center, R and
S configurations must be assigned to each of them.

CH, CH,CHj4
\
S configuration » .C—C.,<— R configuration
: HY:  AVH g
Br I I Br
C2 C3

One stereoisomer of 2,3-dibromopentane
The complete name is (2S,3R)-2,3-dibromopentane

* |dentical compounds have the same R,S designations at every tetrahedral
stereogenic center.

e Enantiomers have exactly opposite R,S designations.

» Diastereomers have the same R,S designation for at least one stereogenic center
and the opposite for at least one of the other stereogenic centers.
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Disubstituted Cycloalkanes

« Consider 1,3-dibromocyclopentane. Since it has two stereogenic
centers, it has a maximum of four stereoisomers.

Br/Q\Br

1,3-dibromocyclopentane
[* = stereogenic center]

« Recall that a disubstituted cycloalkane can have two substituents on
the same side of the ring ( ) or on opposite sides of the
ring (trans isomer, B). These compounds are stereoisomers but not

mirror images.
Br’Q‘Br Br'Q""Br
A B

cis isomer trans isomer

T— diastereomers —T

Communitising Technéiogy
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Disubstituted Cycloalkanes

« To find the other two stereoisomers if they exist, draw the mirror
Images of each compound and determine whether the compound
and its mirror image are superimposable.

cis isomer
= Br’Q‘Br Br’O‘Br =
<
A \ /
- identical -

« The cis isomer is superimposable on its mirror image, making the
Images identical. Thus, A is an achiral meso compound.

Communitising Technéiogy
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Disubstituted Cycloalkanes

« The trans isomer is not superimposable on its mirror image,
labeled C, making B and C different compounds. B and C are
enantiomers.

trans isomer

?/'(’VQ ©~

enantiomers

<

« Because one stereoisomer of 1,3-dibromocyclopentane is
superimposable on its mirror image, there are only three
stereoisomers, not four.

Communitising Technéiogy
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Enantiomers and the Sense of Smell

* Research suggests that the odor of a particular molecule is
determined more by its shape than by the presence of a
particular functional group.

 Because enantiomers interact with chiral smell receptors,
some enantiomers have different odors.

caraway seeds

(S)-Carvone has the odor of caraway. (R)-Carvone has the odor of spearmint.

Communitising Technéiagy
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Summary—Types of isomers

Isomers

different compounds with
the same molecular formula

v ,

Constitutional isomers Stereocisomers
isomers having isomers with
atoms bonded to different atoms a difference in 3-D arrangement only

|
L J,

Enantiomers Diastereomers

mirror images not mirror images

Communitising Technéidgy



