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The diastereomers =
L)

diasteriomers CH; CHs CH; CHg
Stereoisomers that are not H H CiS e

mirror images are called
diastereomers.

{iLHH




The diastereof

Example: 2-Chloropropane
* Not mirror images. 1.e. can
superimpose
* Molecule is chiral/not chiral
* One centre of symmetry
(stereocentre)

Stereocentre — An atom bearing groups
of such nature that an interchange of
any two groups will produce a
stereoisomer.

[
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Three stereo 1somers of 2,3-butanem I ‘

2R3R




HO
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Three stereo 1Isomers of w
NG -

CH, CH, CH,

OH HO H H OH

CH, CH,

2R3R 2535

chiral chiral




Three stereo isomers of 2,3-Butqnem ' | ‘

ey e

these two are
enantiomers



Three stereo 1somers of 23%

CH, CH,
: these two are
HO H H OH enantiomers
: Mirror Plane =
H OH : HO H Rotate 180° =
= 2R3R 2535

chiral : chiral




Three stereo 1Isomers of 2,3-

CH3 E CH3
HO H

HO H

CH, CH,

HHI

2R3S

the third structure is superposable on its mirror image
(rotate 180°)

achiral




3

2R3S

achiral



How to Use Fischer Formulas: (S,R)-2,3-Dibromobutane

CH3—¢H—¢H—CH3 (S,R)-2,3-Dibromobutane (meso)

Br Br CH, ?Hs
: H——DBr
By convention, Fischer H""(%"'Br j |
formulas are written with g H——Br
the main chain extending H¥ : ~Br H -
top to bottom. CH; 3 | —
J-dimensional

. Fischer Formula
representation

Note: A plane of symmetry identifies this
stereoisomer as achiral in both representations.

The superimposability test may be used with Fischer formulas to
determine whether structures are identical or different.

AR




Fischer (R) and (5) J?

= Lowest priority (usually H) comes forward, so
assignment rules are backwards!

= Clockwise 1-2-3 is (5) and counterclockwise 1-2-3
1S (R).

= Example:

I
N

(5)

AR
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Examples

COOH COOH
(2R,3R)-tartaric acid (2S,3S)-tartaric acid

OH

OH

COOH
(2R,3S)-tartaric acid

| i
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Molecules with More than One Stereocenter

A compound with one stereocenter can exist in two
stereoisomeric forms (enantiomers) called (R) and (S). If there
are two stereocenters, each center may be (R) or (S). The

various stereocenter combinations are shown in the table.

Stereocenters Possible Combinations Stereoisomers

: @ O 2

) QD DI .
QI 9O

The maximum number of stereoisomers

I

I

UL

is 2"". where 1 is the number of stereocenters.



The Stereoisomers of 2,3--Dibromopentane

CHEéHdHCHECHg I'wo stereocenters
Br Br 2! = 4 stereoisomers

What are the four stereoisomers and
how are they related to each other?

8
:

Possible Combinations of the Stereocenters
1 2 3 1 5
CH3-CHBr-CHBr-CH,CH;
“(2R) BRp AN,
~(2R) (35
(28 pnnn (3R}
AA2SI A (3Spannnn

[
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The Four Stereoisomers of 2,3--Dibromopentane

-

H3 H3 H3 H3
H > C~Br Brf"|3“~H Brv"|3“-rH H"“|3“‘*Br

1l iep!
1l iep!
'Illln

Nl

3

H” g B” g H”:“B: B IYH =
CH,CH, CH,CH, CH,CH, CH,CH, =
I II 111 IV
(25,3R) (2R.35) (2R.3R) (25.35)

(1) Use eclipsed conformations for easier assignment of (R} or (5).

(2) Add the groups around the stereocenters in one stereoisomer
and assign labels to the stereocenters.

Draw the mirror image of I. That gives II. Fach stereocenter
changes configuration.

(4) Change the configuration only at C-Z in I from 5 to R.
That gives III.

(5) Draw the mirror image of Il1I. That gives IV.

11|
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The Relationships Among the Four Stereoisomers
of 2,3-Dibromobutane

CH3 CH; CH, EHS
He— :""‘!'Br Brw— -"""-'H B -"""l'H ~~y Er
H" :~~wB: Br* ==y H* Z~~Br Br ¥z ~=H

CH,CH, CH,CH, CH,CHj, CH,CHj;

25,3R 2R,35 2R,3R 25,35
I 11 111 1\

Stereoisomer pairs I/II and I[II/IV are mirror image related. They
are enantiomers. Note that all stereocenters change in going from
one enantiomer to the other.

CHj / CHj CH; CHy
:“""'Bl- Bre— _'--..H Bro—{_~ayFH P~
= ™wBr Bre” = ~~H Hfé""‘Bl‘ Erfé“H
CH,CH;, CH,CH;, CH,CHj CH,CH;
38 25,35
25.3R 2R.,35 2R.3R I‘f
I I1 111
\ J
) Y g g

enantiomers enantiomers

I
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Stereoisomers that are not Enantiomers are
Diastereomers of Each Other

Among the following four stereoisomers,
CH, CHj3 CH; CHy

H -“Bl‘ Bre— “"H Bre—_—~—gH ~wBr

CH,CHj, CH,CH;, CHzCH;4 CH,CH;,4
25,3R 2R,35 2R,3R 28,38
1 II 111 v

the diastereomeric pairs are:

I/IIL, I/IV, ILIIL, ILIV.

Note: In diastereomers, all the stereocenters are not mirror image
related as in enantiomers.

1|/

HHI

Unlike the mirror-image related enantiomers, diastereomers have
different physical and chemical properties. The diastereomeric
relationship between structures is an important and fundamental
principle in simple organic and biological systems.
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Meso Compounds: A Special Stereochemical Situation

The maximum number of stereoisomers when there
are two stereocenters is 2= 4. But structural symmetry

influences this analysis.

Example: 2,3-dibromobutane

There are two stereocenters in this compound. CHg-éH-éH-CHg
Br DBr

The four possible stereoisomers of 2,3-dibromobutane are:

CH, CH, CH, CH,

He_ ~=Rr Bre— :"-‘H Bre— _“-‘.H H™ x Br

H* = ~~aBr Bre s~ H* ' ~=pBr Bre™y ~~H

= CH, CH, CH, cn,
= 25.3R 2R.3S 2R.3R 25,35
— I I 1 v

At first view, it may appear that this compound exists in four unique
stereoisomeric forms as found in 2.3-dibromopentane, but..............
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Structural Symmetry: The Meso Diastereomer

symmetry reduces the number of stereoisomers from four to three.

CH, CH, CH, CH,
H» :*--Br Bre— :""-I—I BremC~sp 1P ~p;

§H3 CH, CH, CH,
253R 2R,25 2R3R 25,38
I II I \Y

A more careful inspection of the four possible stereoisomers reveals
that I and II are not different because one structure may be
superimposed on the other. They are the same stereoisomer.

Thus, 2,3-dibromobutane exists in only three unique stereoisomeric
forms: I=II, and the enantiomeric pair I1I and IV.




S3k S o ST

The Diastereomers of 2.3-Dibromobutane

Stereoisomer [=II is achiral and is called a meso diastereomer.
The meso diastereomer has an internal plane of symmetry that
necessarily makes it achiral.

The meso diastereomer
of 2.3-dibromobutane

is achiral and does not =
exist in enantiomeric forms.

The Chiral Diastereomer of 2,.3-Dibromobutane

CH, e
Stereoisomers 11l and IV B -""'-H H™ Y =EBr
are the two enantiomers -
Bre s —
— of the chiral diastereomer H¥ s ~=Br ! CE,I—? H ==
— of 2,3-dibromobutane. CH, 3

This diastereomer is sometimes called the (+) or (d.l)
diastereomer, meaning it exists in enantiomeric forms, to
distinguish it from the meso-diastereomer.




Resolution of Enantiomer

TR ARRERREEEY

"
CH,CH,

o
CH,

3

(S)-2-butanol

CH,CH,4

oo

CH,

>

(R)-2-butanol

COOH
H——OH
H+
T T
COOH

(R, R)-(+)-tartaric acid

(

0 CH 2C H 3
A separatin COOH
\C—O+H fhen CH,CH,
Hf H——OH
H——OH CH, — + HO+H
‘ H,0 HO—H
HO——H CH,
COOH
COOH
(S)-2-butyl (R, R)-tartrate (R, R)-(+)-tartaric acid  (S)-2-butanol
CH,CH,4 0
-z separating COOH
H 0—C then CHzCHg
H+ H_'_ OH
CHzH——OH — + H+OH
. H,0 HO—H
COOH )
COOH

(R)-2-butyl (R, R)-tartrate

diastereomers

(R, R)-(+)-tartaric acid (R)-2-butanol

111/
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R) R (R| R —:-®R_"’®

(]) = ——1 separate £ TS
>/ reaction @ R —~ @
. —(S|R Iry
Racemic Form Diastereomers -1 R —
(identical properties) (different properties) .

R | is aresolving agent. Itis a single enantiomer
(such as R) of a chiral compound.

I

The racemic form (R,S) is reacted with a single enantiomer (R) of
a resolving agent to produce diastereomers (R,R and S,R) that are
separable by physical means. The resolving agent is then removed
producing the pure enantiomers R and S.

FFEEFERRELE:
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diastereomers
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H——Cl (S) —
H——Cl
CH> “=cre)
— CHs L
= 4H—%C|1
= £ CHH
3

(2S,3R)-2,3-dichloropentane



[

iri S oo 5 ST

CHsj

H_

—Cl

H_

—Cl

CH,

CHsj

(2S,3R) -

CH3
Cl——H
Cl——H

CH

CHs;

(2R,3S)-

CH3

H——Cl
Cl——H
CH

CH
(S’S)'

CH3
Cl——H

H——Cl
CH,

CH
(R’R)_
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2,3-dichlorobutane CH;CHCHCH;,

Cl CI
CHjs CHjs CHs CH;
H——Cl Cl——H H——Cl  Cl——H -
H——Cl Cl——H Cl——H H——Cl =
CHjs CH; CH, CHs

meso-compound — a compound that has chiral centers but is not chiral
(optically inactive).
I I i

AR




i1 S o 5 ST

Example: 2,3-Dibromopentane

CH, CH, CH, CH,
Hh..é.-lih‘ lir-....é_..nH Brom -l Ha - aBr

C C C~p. »C~ =
HY . “VBr Br* : WH H" VB Br* ~VH

C,H. C,H. C,H, C,H,

1 2 3 4

A B C D

UL

How many stereocenters are there?
How many enantiomers and which are them?
How many diastereomers and which are them?
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2
(E:H3 4 (;Hs (;HR (;H_w
1 Haw - aBr Braw sl Bram ~all Ha - aBr
3
1 H-'E‘%-B.- 4 perCn oHe g B O
C,Hy 2 C,H C,H; C,H; -
A B C D

2 stereocenters (4 stereoisomer, 22 = 4)
2 pairs of enantiomers: Aand B; C and D.
4 pairs of diastereomers:Aand D; Aand C,Band C; Band D




(a) Br
(R) Configuration

g
(b) CHBr

2.3-Dibromobutane

(2R, 3R)-2,3-Dibromobutane

[T

(R) Configuration
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CH;CHOHCO,H

Asid laktik rasem Racemchmd Lactic

‘NR =R-striknin

/\ Use R-Striknin to —

COE ipeg form salt

CO5 HNR I

C - C---.
= 4\ HC N\ _ Converted to =
= RS OH  giastereomer with
E | GammRR Garam SR d'fferen_t physical

diastereoisomer dengan kelarutan berbeza
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dipisahkan meialuw
penghabluwran semula

- ]h:bih larwa
Y
CO5 HNR

|

C .
~ \ H
Ho ) CH,

| R-asid laktik
C -

/\

/
H,C

~

H,;C

l

h.ll

L

N
CO
|
C -

\

kurang lana

"H
OH

,H

OH

“H

Mixture of salts
separated by
recrystallization

The salt is
hydrolyzed to
produce the two
different
enantiomeric
forms.

S asid jaktik

1N




Exercise 1

For the tartaric acid compounds shown below:
1. Determine whether the configurationis R or S for each stereocentre.
2. Which are the enantiomers and meso compounds?

. COOH .COOH .COOH .COOH =
[ OH He.. | .98 HO_ ! F
HO\C/H \C, \:(I:/ \:?/
| | ; __
3 3C C . 2C =
17 T ™OH H” | NOH HO” | “H HO” | “H =
,COOH :COOH ,COOH +«COOH |

JAHLLL

A B C D
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As we had before here are the four
structures produced by
systematically varying the
configuration at each chiral carbon.

CH,
H ——cCl
Cl H
CH,
CH,
Cl H
Cl H

R

CHj

— ClI
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CHsy
— S - R
H ol Enantiomers = =
Cl & ) : H —ClI R
S Mirror images, not
CHy superimpos CH,
Diastereomers. =
CHj CHj;
_g_— Cl H R S =
E M ‘, K
= Cl H S Mirror images! But H c R
superimposable via a
SinE 180 degree rotation. CHs

Meso Same compound.
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Cl

Cl

CHj

CHj

Meso

Has at least two chiral carbons. Corresponding carbons
are of opposite configuration.

Can be superimposed on mirror object, optically inactive.

Can demonstrate mirror plane of symmetry

Molecule is achiral. Optically inactive. Specific
rotation is zero.

I

CHj

I

CH,

Can be superimposed by 180 deg rotation.
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