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1. Conceptions: Chirality (F#)

Chirality:
not superposable on their mirror images
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Some of organic molecules are
superposable on their mirror images.
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Look at the following molecules — the
pair of lactic acid, are they identical?

Mirror

|
GOOk i GOOk

|

|
H wC ! C"I//H
HO CH; | od o

|

Lactic acid
(mirror image each other )

They are nonsuperimposable mirror images.
Each form exists independently.
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Lactic acid are not superposable
on their mirror images

A molecule that is not identical to its mirror image is
a kind of stereoisomer called an enantiomer (%] B {Z).
Enantiomers are related to each other as a right
hand is related to a left hand.
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Close examination of propanoic acid and
lactic acid reveals that lactic acid possesses a
carbon with four ditferent attached groups (CH,,
OH, H, CO,H); there is no such carbon in
propanoic acid. This special carbon with four
different bonded groups is called a stereocenter
or chiral carbon atom (F#:m *).
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Sec 2 How to recognize
the chirality of a molecule?

|. Tosee If it Is nonsuperposable on
ItS mirror image;

1. To see if there Is a single C*;

Il To find if there are some
symmetry elements(W#7c &)
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@ Toseelifthereisasingle C*

A molecule is chiral if it contains one chiral
carbon atom ( or chiral center). Compounds with
a single chiral carbon atom always have one pair
of enantiomers; each enantio-mer is a chiral
molecule. We will see later that compounds with
more than one chiral carbon atom have the
possibility of more than one pair of enantiomers.
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@ To find some symmetry elements

Plane of Symmetry (w# 4, C,)

A compound is not
chiral if it contains a
plane of symmetry.

A plane of
symmetry (C,)
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All atoms in a molecule are on a plane.
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Section 3 How to express
the configuration in three dimensions?

. 3D models:

Il. Stereo Structure Formulas
(wedges-dashes);

[11. Fischer projection formulas.
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I. 3D Models

5.2 ENANTIOMERS AND CHIRAL MOLECULES

Mirror |
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II. Stereo Structure Formulas (wedges-dashes)

C‘302H (‘IOZH
C//,,, W\

/\ H H C\
HsC OH HO  CHs
Cl Cl
[=~C—Br Br\é’l
H H
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[II. Fischer Projection

In 1891, Emil Fischer suggested a two-dimensional
representation called a Fischer projection to show
the configuration of chiral molecules.

1
1
CO,H TO:H
""" HO..,, HO
et R EEEEEEry
" \CH
3 %H3

(+)-Lactic acid
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Sec. 4 Measurement of optical activity

Plane-polarized light

A beam of ordinary light consists of electromagnetic
waves that oscillate in an infinite number of planes at
right angles to the direction of light travel.

electric 4

- electtie

The oscillating electric and magnetic fields of a beam of ordinary light.
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When a beam of ordinary light passes through a
device called a polarizer (Z##£5), only the light
waves oscillating in a single plane pass through, and
the light is said to be plane-polarized. Light waves in
all other planes are blocked out.

Harmal light
a funpolarized)
|

Harizantally
polarized light
|

Light caompletely
blocked

"~ Horizontal 7 vertical
- : filter
Direction of light ) -

Microsoft lllustration
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I1. The polarimeter jgjix

The one which rotate the plane of polarized light to the right

is described as dextrorotatory (4 }€), recordered as the (+) or d-.
The other isomers which rotate the plane of polarized light to the
left is described as laevorotatory (Z£J€), recorded as the (-) or I-.

The amount of rotation observed is denoted
by a and is expressed in degrees.
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[11. Specific Rotation (LLiextE)

Observed rotation, o (°, degrees) a
Path length, | (dm) x Concentration, C (g/mL)_ | xC

o] =

a : observed rotation (degrees)

c: concentration of sample (g - mL")

|: length of sample tube (dm)

t: temperature

D : the light source used in polarimeter
is the sodium D line ( A =589.6nm ).

e.g: [a]y*’= +98.3°(C, 0.05, CH,OH)
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Racemate (4MHEEY): A mixture of equal amounts
of enantiomers and they are
optically inactive. (*) or dl

(Racemic mixture)

COOH COOH
H>E<OH HO>E<H
For example: E :
CH3 CH3
(-)-Lactic acid \‘ (+)-Lactic acid
|-Lactic acid d-Lactic acid
[a]s)  -3.8° +3.89
— —~— v

(*)-Lactic acid [Olllz)0 0°
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Section 5
Nomenclature of Enantiomer

Although drawings provide visual representations of
stereochemistry, they are difficult to translate into
words. Thus, a verbal method for specifying the three-
dimensional arrangement (the configuration) of
substituents around a stereocenter is necessary.

/. D/L system
Il. R/S system

G A B X 23



[ . D/L Representation: Relative Configuration

The Fischer projection of a compound can be oriented
so that the most oxidized carbon is at the top, then if
the —OH or —NH, lies on the right, the molecule is
called “D”; if on the left, it is called “L.”.

CHO COOH
H——OH H2N H
CHzOH CH3
D-glyceraldehyde L-alanine

G A B X 24



II. R/S Representation: Absolute Configuration

Step 1: By a set of sequence rules, the groups con-
nected to the chiral carbon are assigned priorities.

Br Br
1’?‘(:1 Cl’éé‘l
H H
(a) (b)

Bromochloroiodomethane

In the case of CHCIBrlI, the atom of higher number
has higher priority, thus I, Br, C1, H.
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Step 2: The molecule is then visualized such that the group
of lowest priority is directed away from the observer. The
remaining three groups are in a plane and project toward the
observer. If the eye moves clockwise as it goes from the group
of highest priority to the groups of second and third priority,
the configuration is designated R (Latin, rectus, “right”).

I I
i ;Qé\ @RH
(:I Br [3r Egr Br C:I
1 mﬂ cﬁ\l
clockwise counterclockwise

If it moves in a counterclockwise direction, the configuration
is designated S (Latin, sinister, “left”)

G A B X 26



R/S system X FRLNIHER R, J7 [ f B e f 2.

R-2-butanOU S-2-butanol J

SUPPOSE:a>b>c> d
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Section 6

Stereoisomers with 2 Chiral Carbon Atoms
I . Molecules with Two Dissimilar Chiral Carbon Atoms

CH3(|:H(\:HCHO 2,3-Dichlorobutanal
Cl Ci
mier:
CHO ! CHO CHO |  CHO
T Cl——H H——Cl | CI——H
H——Cl | CI——H  Cl——H | H——Cl
CH; | CH, CH; | CHs;
(a) (b) (c) (d)
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CHO | CHO CHO ! CHO
H——cCl | Cl——H H——cCl | cI H
! I
H——Cl | Cl——H Cl H ! H Cl
| |
CH, : CHj, CHj, ! CHj,

(a) (b) (c) (d)
2S,3R 2R, 3S 2S,3S5 2R, 3R
. ) . )
hd A
enantiomers enantiomers

(a) and (b) are nonsuperimposable mirror images pair
and are a pair of enantiomers. And also (c) and (d).

The mixture of equal amounts of enantiomers (a) and (b), or
(¢) and (d), is called a racemic mixture (racemate also,5ME ).
Racemic mixtures are often denoted by the symbol (*) or (R,S)
or dl to indicate that they show no optical activity (— %X B44 ]

FEIRSUWRINE e, TChe61E).
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What is the relationship between ( a ) isomer and ( ¢ )?

diastereomers
a —"— -

CHO ! CHO CHO CHO
H——cl | Cl——H H——cl | cI H
H——cl ! Cl——H cl——H | H——cl

CH, | CH, CHy | CH,

( a e?nantiomers ( b ) ( = ) enantiomegsd )

2S,3R 2R,3S 2S,3S 2R ,3R

They are stereoisomers but not mirror images, and
called diastereomers(GEXTER{4). Diastereomers are
stereoisomers that are not mirror images.

G A B X 30



II. Stereoisomers with two similar C*

Tartaric acid has two similar chiral carbons, C-2 and C-3. Each
has 4 different bonded groups (-OH, -CO,H, -CHOHCO,H, -H).

COOH | COOH COOH COOH
H—ER0H | Ho—2SH H—2"OH HO—2SH
HO—ERH | H—20H H—20H HO—EH

COOH | COOH COOH COOH

The mirror image 2R,3R and 2S,3S structures are not
identical and therefore represent an enantiomeric pair.

G HHIE: RIHRORSE XA 31



COOH 1 COOH COOH COOH
2R ! 29 2 S
H——OH | HO—1SH H—T20H HO—2SH
HO—8H | H—20H H—2°0H HO—3EH
|
COOH |  COOH COOH COOH
(a) (b) (c) (d)

The compound (¢) or (d) are achiral, yet contains stereocenters,

is called meso compounds (meso form, P /4 iE{%). The
meso compounds are optically inactive, they do not rotate
plane-polarized light. Thus, tartaric acid exists in 3
stereoisomeric forms.

G HHIE: RIHRORSE XA 32



Summary

1. Basic concepts

2. Configuration expression
Newman projection; Fischer P.F.

3. Nomenclature

D/L system; R/S system (hand curl method
or steering wheel method)

4. Recognize chirality: Cs; Ci; C*
5. Optical activity: [a |,*'= a /I -C

6. Enantiomers of cyclic compounds
G S mRR O XS 33



Additional Questions gag 119

5-1 Explain the following concepts:

5-2 Compare the dextrorotatory and levorotatory forms of ...
5-3 The compound cortisone (500mg) is dissolved into 100ml ...
5-5 How many chiral atoms are there in each of the ...

5-6 Identify the same configuration from the following...

5-7 In the following compounds, which have the meso forms?...

5-8 Assign the following compound R or S ? Draw the Fischer...

5-9 Which of the following structures represent meso compounds?

5-10 Determine the R or S configuration of each of the following...
5-11 Name each of the following compounds, ...
5-12 For each set of the following compounds, ...

G S R e 34
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