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Symmetrical and unsymmetrical objects
bBLLA g3 Blital alual)

« Symmetrical object has a plane of symmetry )5l (s siws,
thus can superimpose @k0n its mirror image & 3, »=
3l !l (example conical flask)

« Unsymmetrical object has no plane of symmetry, thus
can not superimpose on its mirror image ( example a
hand). This property is called “handedness 4 s

« Left hand is not identical to its mirror image right hand

Left hand Right hand



Enantiomers
401 yal) e glatall

* Molecules exist as three-dimensional objects
« Some molecules are the same as their mirror image
« Some molecules are different than their mirror image

— These are stereoisomers 4! % e lais called:
enantiomers 45 e (Slslais) Cle laic



4.1 Enantiomers and the Tetrahedral Carbon

b9 8l Sy s sl g Al sall cile glaall
* Molecules that are not identical to their mirror images are
called enantiomers:

- Lactic acid occurs as a pair of enantiomers.

*.* )
CH3—(|Z—C02H 0—?—9
OH o

Lactic acid: a molecule of general formula CHXYZ

H H H
l | |
HOF=COH o.e—~Cni| HOxc—G OH

*r @  HC X4 CHa
(+)-Lactic acid (—)-Lactic acid




4.2 The reason of handedness In

Molecules: chirality 4 sl
* Molecules that are not superimposable with their mirror
images are chiral gsx(have handedness 4 sv).
 Chiral molecule has no plane of symmetry.
* The lack of a plane of symmetry is called “handedness”’,
chirality.
« A molecule with a plane of symmetry is the same as its mirror
iImage and is said to be achiral ¢sx e
* The most common cause of chirality in an organic
molecule is the presence of a tetrahedral carbon atom bonded
to four different groups— Such carbon is referred to as
chirality center 4 sadl S .

Ellr
CH5CH3CH4CHSLC Hztll-:‘HEC HaCH5CH4
H

E-Bromodecane (chiral)



Chiral and Achiral Molecules
sl S g 4 gl iy Sl
* In cyclic molecules, we compare by following in each direction
In a ring.

sSymmetry
plane

H CHsa
1

6 2

b 3

Methylcyclohexane
(achiral)

2-Methylcyclohexanone
(chiral)



Examples of Chirality Centers in Chiral Molecules
dgsad) iy jadl g 4 gl 381 pa lo ALl

O

CHa CHg CHy
CHg |

HaC_ % T TCH
LH“E 3

Il
CH» O

Carvone (speamint oil) MNootkatone (grapefruit oil)



Examples of Chirality Centers in Chiral Molecules

Problem 5.2
Which of the following molecules are chiral? Identify the chirality
center(s) in each.

(a) /\(cchchHj (b) H CHg (¢) CH30

N
Sy

Coniine
{poison hemlock)

Ol S 9l an Menthol

(flavoring agent) Dextromethorphan
(cough suppressant)




Problem 5.3
Alanine, an amino acid found in proteins, is chiral.
Draw the two enantiomers of alanine using the standard

convention of solid, wedged, and dashed lines.

i
CH5CHCO-oH Alanine



5.3 Optical Activity 4 sadl 4:lladl

* Light restricted to pass through a plane is plane-polarized

* Plane-polarized light (zhaw)s sive A& i ¢ o that passes
through solutions of achiral compounds remains in that plane.

« Solutions of chiral compounds rotate plane-polarized light and

the molecules are said to be optically active bsas Jad

* Molecules that cause right- rotation are dextrorotatory (s~ or
(+)

* Molecules that cause left- rotation is called levorotatory < or

» Rotation in degree (o) is measured by a polarimeter ) i

= ‘ U’““s‘“ unpolarized
light
Polarized
light
\ % | y Y Y )
b | -“’ " ;‘..-A- ) e |
Light Polarizer . . | _,\

Rgarea I Observer
I

Sample tube containing Analyzer
organic molecules



Specific Rotation sl Ol

 Specific rotation is that observed for 1 g/mL in solution in cell
with a 10 cm (1dm) path using light from sodium metal vapor Lt
a5 »all (589 nanometers)

‘Observed rotation (degrees) a
Pathlength, / (dm) x Concentration, ¢ (g/cm3) I X ¢

la]p =

Table 5.1 Specific Rotation of Some Organic Molecules

Compound [x]lp Compound [x]lp
Penicillin V +233 Cholesterol —31.5
sucrose +66.47 Morphine —132
Camphor +44.26 Cocaine —16
Chloroform 0 Acetic acid 0




4.4 Pasteur’s Discovery of Enantiomers (1849)

 Louis Pasteur discovered that concentrated solution of sodium
ammonium salts of tartaric acid crystallize _ sl distinctly into
two different shapes ( right handed and left handed), called
enantiomers. — such an event is rare

 Enantiomers 4l » <le las (also called optical isomers

4 pay dile Jlas), have identical physical properties, but differ in the
direction in which their solutions rotate plane-polarized light.

I|IDE' Mat
|-|—4:|: —OH
HEJ—{lj —H

CO;~ NH4*

Sodium ammonium tartrate



4.5 Sequence Rules (Cahn-Ingold—Prelog rules) for
Specification of Configuration
A gl S el 21 AN gilgtl £ o Cpd ALl a0 g
« A set of sequence rules are employed to rank the four groups

and then to specify the three-dimentional arrangements at the
chirality center: R or S configuration.

Rule 1 Look at the four atoms directly attached 3_x&ilw 4ks 1l to
the chirality center, and rank i, them from 1 to 4 according to
atomic number, in decreasing order 4 M WalacY adliiall casi il 83 ;
the highest is the first and the lowest is the fourth.

Atomic number 35 17 16 15 8 7 6 (2] (1)
Higherranking Br>Cl > S > P >0 >N > C >?H > 'H Lower ranking



Sequence Rules(Cahn-Ingold—Prelog rules)

Rule 2 If a decision can’t be reached by ranking the first atoms in
the substituent, look at the second, third, or fourth atoms away
from the chirality center until the first difference is found.

| T )
—E—flz—H —§—:|:—rf—H - 0—H —E—G—?—H
H H H H

Lower
Lower Higher Higher
[ | [ |
~4-C—CHg _E_{E_EHE —5‘?—““2 $-C—Cl
H H H H

Higher Lower Lower Higher



Sequence Rules(Cahn-Ingold—Prelog rules)

Rule 3 Multiple-bonded atoms are equivalent to the same
number of single bonded atoms

H H
5\ b ,,..D
/E=D\ is equivalent to /?E,.Hﬂf,ﬂ
This carbon is This oxygen This carbon is This oxygen
bonded to is bonded to bonded to is bonded to
H, O, O. C, C. H, O, O. C, C.

H H \ C
\ / C.._C
C=C is equivalent to / c
/’ \\ /N
H H H
This carbon is This carbon This carbon is This carbon is
bonded to is bonded to bonded to bonded to

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



Specification of Configuration: Ror S sl (s

« Ranking the four groups in decreasing priority order gl 4351 ¥ casi 55 Sa g 1
to 4
» Orient the molecule so that the lowest priority group goes away from you.
 Look at the remaining three groups:

- If the movement from 1 to 3 is clockwise eludl - jlic olaih | the
configuration is R

- If the movement from 1 to 3 is counterclockwise acbull i jlae oladl uSe the

configuratiol % _— ,‘P

[
.

1 / 3 3 \ 1
N 2 2 .
reorin " foorn

,f;sn o/
28 3 (a 2

T . c,-f"' | i | N~ :[

VI,

\_,__ 1 / ! \a 1 /

(Right turn of R configuration 5 configuration (Left turn of
steering wheel) steering wheel)



Assigning Configuration to Lactic acid Enantiomers
SLASM (aaad 47 yal) cile glaall galgdl) yuad

(a) (b)

H H
| |
HaC -7 ~~CORH =, HOoC— G5~ CH3
HO : OH
P TN
1 H 2 2 H 1
HO4_ | 4COH HO,Co | 4OH
{ C C
& &
3 3
3 3
R configuration S configuration

(—)-Lactic acid (+)-Lactic acid



Other Method for Specification of
Configuration of the chirality center
 If the lowest priority group is pointed back (placed at

dashed line),assign the configuration directly (movement
from 1 to 3).

2 : 2

TOOH : COOH

C-iH 4 i ( 4H“”)C‘:\3
S YR Ho™ Ch;

(S)-Lactic acid (R)-Lactic acid



Other Method for Specification of
Configuration of the chirality center

« Exchange H with the dashed line- group (COOH) and then
assign the configuration directly on the new structure
representation -Note here that the new structure has the
opposite configuration of the original one.

« If you do another exchange between the two other groups
(e.g. CH; for OH ) the resulted representation will retain
configuration of the original one.

2

4
2
T TOOH ( (|ZOOH
2
C\“”COOH *H C/C"\'“”HH4> T PR ,,WH
1 OH %5 1OH H \
original configuration opposite same conflguratlon
(unknown configuration) to the original as the original

(S)- configuration (R)- configuration



Sign of optical rotation, (+) or (-), Is not related
to the R,S designation

(a) H e
I 3 H 2

Ho“7 Schuo  HOCHag | sCHO

CH,OH Y )
\_ o/
1
(5)-Glyceraldehyde
[{ 5)-[—)-2.3-Dihydroxypropanal]

[alp =-8.7
(b) H e
é 3 H 2
HEN‘? ~CO-H HECHEJCDEH
CHgy | [
A,/
1
{5)-Alanine

[{ 5)-(+)-2-Aminopropanoic acid]
[alp =485



Drawing the Three-Dimensional Structure of a Specific
Enantiomer

Worked Example 5.4

Draw a tetrahedral representation of (R)-2-chlorobutane.

Strategy.

Solution



Problem 5.7
Which member in each of the following sets ranks higher?

(a) —Hor—Br

(b) —Clor—EBr

(c) —CHzor—CH>CH;
(d) —NH; or—0OH

(e) —CH-70OH or —CHa-
(f) —CH;OH or —CH=0




Problem 5.8
Rank the following sets of substituents:

(a) —H, —OH, —CH;CH3, —CH,CH,0H
(b) —CO,H, —CO,CH3, —CH,0H, —OH
(€) —CN, —CHzNHg, —CHzNHCH3, —NH3
(d) —SH, —CH5SCH3, —CH3, —SSCH;

Problem 5.10
Assign R or S configuration to the chirality center in each
of the following molecules:

(a) ?Hg () ?H c) HH“'E{;G
,.':-,‘H f___.-'|: . |
H S CO-H HaC % CO-oH He " == {JH
HS H |
CH20OH



Problem 5.11
Draw a tetrahedral representation of (S)-2-pentano/
(2-hydroxypentane).



Number of stereoisomers of chiral molecules
Ay gl el jall A ) LAl Cl glatall aas

* Molecule with one chirality center has only two stereoisomers.
* As a general rule, a molecule with n_chirality centers can have
up to 2" stereoisomers (although it may have fewer, as we'll
see below).




4.6 Diastereomers (&) 48 8 clé slaia
* Threonine ¢ 5 (2-amino-3-hydroxybutanoic acid) has two
chirality centers (C2 and C3), thus there are four possible
stereoisomers: two pair of enantiomers.
* The 2R,3R isomer and the 2R,3S isomers are diastereomers:
they are not mirror images, they have the same configurations at
one chirality center and the opposite configuration at the other.
* Indicate the other diastereomeric pairs......

Mirror
_1 lirrom Mirror
CO,H CO,H CO,H CO,H
HHéHNHE HEMh{l:,-'H Hhé#”HE HE”&J:,-H
2
31: C C C
H"" | ™~0oH HO" | “H HO" | ~H H”" | “~OH
4 CHq CHq CHq CHjy
2R.3R 2535 2R35 25,3R

Enantiomers Enantiomers



Enantiomers Compared to Diastereomers
&gtﬁﬂCﬁﬁjbé&dhénaﬂtmﬂCMﬁJbALdV&bﬁu
« Enantiomers have opposite configuration at all chirality
Centers (mirror images).
 Diastereomers have the same configuration in at least one
center but opposite configurations at the others.

Problem Which of the following structures are enantiomers,
and which of are stereoisomers.
CO,H COsH CO,H CO,H
Ho i aNH2  HoNo L oH  Ho L sNH2 HoNo [ H

C
'CHj CHsq CH» CHjy
A B C D



Epimers
4 ga il glaa

Cholestanol and coprostanol, for instance, are both found
In human feces, and both have nine chirality centers.

Eight of the nine are identical, but the one at C5 is different.
Thus, cholestanol and coprostanol are epimeric at C5

Cholestanol Coprostanol

-

Epimers



Problem 5.14
How many chirality centers does morphine have? How many
stereoisomers of morphine are possible in principle

Morphine



Assign the configuration of the chirality centers

Chloramphenicol

H NHCOCHCI,
O,N

©2004 Thomson - Brooks/Cole



meso form.

4.7 Meso Compounds s+ <l

« Although tartaric acid_»b_ k!l =~ has two chirality centers, it
exists in three stereoisomeric forms: two enantiomers and one

* 2R,3R and 2S,3S structures are a pair of enantiomers.
* The 2R,3S and 2S,3R structures are superimposable, and thus
identical (symmetrycal), thus represent one compund called

MeSo

1C

H
“C
3C
HO"™
ac

S

OsH
_al0H

~H
OsH

ZR.3R

Mirror

1COzH
HO -
3¢7
3C
H* | ~oH
4CO5H

2535

Enantiomers

Mirror
1CO5H 1COzH
Ha, | _aOH HOo_ | oH
2C 2C
ic 3c
H*" | ~OH HO* | ~*H
4CO5H 4CO5H
2R.3S5 | 25.3R

One compound: Meso
(achiral)



Meso compounds

 Meso compounds, in general, contain chirality centers but
are achiral overall (e.g. meso tartaric acid).

/' 1 TDEH 1 |:|:[:|2H
H OH HO H
| - \ N,
II ET | Rotate 2C
|I j‘_EH | 1E|:|C j‘_EH
\H | "*OH HO" | ™H
4 CO-H 4 CO-H
2R35 253R
Identical
H
HO,_ | .CO3H

Symmetry plane

HO" | ~COzH

Tr—f1——0




Phsical properties of meso tartaric acid
bkl paaa gl Al 5dl) Gal Al
* The enantiomers (+)- and (-)-tartaric acids have identical
melting points, solubilities, and densities, but they differ
only in the sign of their rotation of plane-polarized light.

* The meso isomer, by contrast, is diastereomeric with the
(+) and (-) forms, and has different physical properties.

Table 5.3 Some Properties of the Stereocisomers of Tartaric Acid

Melting Densi Solubility at 20 °C
Stereocisomer point (“C) [x]lp (g/fcm?) (g/100 mL H,O)
(+) 168-170 +12 1.7598 139.0
(—) 168-170 —12 1.7598 139.0

Meso 146148 0 1.6660 125.0



Distinguishing Chiral Compounds from Meso Compounds
Worked Example 5.5

Does cis-1,2-dimethylcyclobutane have any chirality centers?
/s it chiral?

Strateqy

To see whether a chirality center is present, look for a carbon atom bonded
to four different groups. To see whether the molecule is chiral, look for the
presence or absence of a symmetry plane. Not all molecules with chirality
centers are chiral overall—meso compounds are an exception.

Solution

A look at the structure of cis-1,2-dimethylcyclobutane shows that both
methyl-bearing ring carbons (C1 and C2) are chirality centers. Overall,
though, the compound is achiral because there is a symmetry plane
bisecting the ring between C1 and C2. Thus, the molecule is a meso
compound. Symmeitry plane

H4C CH4
1 2

H H




Problem 5.16
Which of the following structures represent meso compounds?

Problem 5.17
Which of the following have a meso form?
(a) 2,3-Butanediol (b) 2,3-Pentanediol (c) 2,4-Pentanediol



4.8 Racemic Mixtures 4w ) gl all

« Racemic mixture is a 50:50 mixture of (+) and (-) enantiomers
* It Is also called racemate or racemic mixture or denoted by
either the symbol (%) or (d,I) mixture.

* It is optically inactive L »= 4ll2é e (does not rotate the plane
polarized light).



Resolution of Racemic Mixture
Lagans (8 (ol A1 g iall (il pal) (e gluaial) Juad
« Resolution (separation) is done by reaction of racemic mixture

(RCO,H) with an amine base (RNH,) enantiomer (pure R or S)

to yield an ammonium salt.

-This gives diastereomers that are separated by their differing
solubility.

-The amine base is then removed from each diastereomer.

O o

X + ANH; —
R™ TOH R ™0~ RNHgt
Carboxylic Amine Ammonium salkt

acid base



Predicting the Chirality of a Reaction Product
Worked Example 5.6

Suppose that (£)-lactic acid reacts with CH3OH to form the
ester, methyl lactate. What stereochemistry would you
expect the product(s) to have? What is the relationship

of the products?

Solution

Reaction of a racemic acid with an achiral alcohol such as
methanol yields a racemic mixture of mirror-image
(enantiomeric) products

COsH COsH COsCH4 CO4CH34
| | CHz0H I |
HOZ ~CH "ok c-Ncon  Add HD“}E"“‘GH " ¢~ voon
T =N catalyst H : !
(5)-Lactic acid (R)-Lactic acid Methyl Methyl

|5)-lactate (R)-lactate



Problem 5.19
Suppose that acetic acid (CH3CO2H) reacts with (S)-2-

butanol to form an ester \What stereochemistry would you
expect the product(s) to have? What is the relationship of

the products

8] OH Acid O CHg

I | catalyst Il
CH3COH + CH3CHCH3CHg = CH3COCHCHsCHg + H30

Acetic acid Z2-Butanol sec-Butyl acetate



Problem 5.20

What stereoisomers would result from reaction of (x)-lactic
acid with (S)-1-phenylethylamine, and what is the
relationship between them?



Review Of Isomerism

| Isomers

|
’ v

Constitutional Stereocisomers |

] L.

isomers
| -

v v

Enantiomers Diastereomers
| (mirror-image) | L:nnn—mlrrﬂr—lmage}

|
v v

Configurational Cis—trans
diastereomers L diastereomers )

L* A

A

Figure 5.14 A summary of the different kinds of isomers.



Constitutional isomers (Section 3.2)

Different carbon CHg

skeletons |
CH3CHCH;

2-Methylpropane

Different functional CH3CH,0OH

groups
Ethyl alcohol

Different position of NH3

functional groups |
CH3CHCH3

Isopropylamine

and

and

and

CHaCHoCHoCHg

Butane

CHgOCH3

Dimethyl ether

CH5CHoCHoNH

Propylamine



Stereoisomers (Section 4.2)

Enantiomers
(nonsuperimposable
mirror-image
stereoisomers)

Diastereomers
{(nonsuperimposable
non-mirror-image
stereoisomers)

Configurational
diastereomers

Cis—trans diastereomers
(substituents on same
side or opposite side of
double bond or ring)

I.’|:GEH

.C
HaC*¢ ™OH
H
(R)-Lactic acid
CO5H

Ha_ | aNH
"-..E..-" 2

|

C
H""| ~oH

CH3

Z2R,32R-2-Amino-3-
hydroxybutanoic acid

HaC E

trans-1,3-Dimethyl-
cyclopentane

HDgtlj

C.
HO™ \H“':Ha*
(S)-Lactic acid

[lilDEH

Ha, | aNH

‘-..{l:..# 2
C

HO"" | “H
CH3

2R.25-2-Amino-3-
hydroxybutanoic acid

H5C CHjy

cis-1.3-Dimethyl-
cyclopentane



4.9 Chiral drugs and Chiral receptors
A gl Blieuall g 4y gl Ay gaY)
« Change Iin chirality of can affect the biological properties of
a drug-this property is found in many drugs. A, fFoH

Example: the nonsteroidal )\/@’C‘"‘““ﬂ

anti-inflammatory (NSAID,s) ibuprofen

- The S enantiomer is active (an active analgesic agent)

- The R enantiomer is inactive, although it is slowly
converted in the body to the active S form.

e Reason:

To have a biological
effect, the chiral drug
typically must have the
correct stereochemistry
to fit well into chiral

rece ptOr- \Fit well perfectly Not fit well

. Mismatch
.




