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Chirality and chiral molecules

Chiral compounds

o Has chiral center
o Has no element of symmetry
o The compond and its mirror image are Non superimposable.

N.B. The compond and its mirror image called Enantiomers

left hand right hand nonsuperimposable
mirror
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*¢*The organic compound become optically active if :
»contain chiral center or chiral axis
»not contain element of symmetry

Chiral center

*»*Chiral center called Streocenter and stereogenic center

¢ Chiral center: atom connected to four different groups.

+*|f the atom is carbon, it is called chiral carbon

*»Chiral carbon: it is tetrahedral (SP3) carbon, connected to four different groups.

e.g. 2

OH

!

Not a stereocenter




Element of symmetry

»Plane of symmetry

»Center of symmetry

1- Plane of symmetry

¢ plane of symmetry (internal mirror plane ) is a mirror plane that cuts the molecule into
two halves, so that one half of the molecule is a reflection of the other half. |
- % The plane may pass through atoms, between atoms, or both

Has Plane of symmetry, achiral Has NO Plane of symmetry, chiral
This molecule has two identical halves ' This molecule has not two identical halves




Example
(a) 2-Chloropropane has a plane of symmetry and is achiral.
(b) 2-Chlorobutane does not possess a plane of symmetry and is chiral.

Plane of symmetry

CH

Achiral Chiral
(a) (b)

¢ The compound have plane of symmetry is:

~ Optically inactive and caled Meso compound




example

| »cis-1,2-dimethylcyclohexane N

This molecule has a plane of symmetry cutting the molecule in half.

Everything on the left side of the plane is mirrored by everything on
the right side.

«* Classify each of the following pairs as chiral or achiral

Achiral: the molecule has plane of symmetry,

H,C

b)

4D Achiral: the molecule has plane of symmetry
H,C

f :CH,

CH;

_ ( Not has chiral carbon
OH

mirror image



d)

CH,OH
HO———H _
b oo Achiral: the molecule has plane of symmetry
CH,OH
oH
Cl—t—H
7w Achlral the molecule has pIane of symmetry
oH
H Br r, H
f) F/Q/ \)\
CH;,
)\'""Bf
Cl
H CH, CH,4
g) Cl" 'Br g¥ Cl



2- Center of symmetry

>t is the point in the center of molecule to which a line can be drawn from any atom such
that when extended an equal distance past the center, the line meets another atom of the
' same kind

(,1
CH. 3

/ "~ CHgq

Center of symmetry 1

Center of symmetry :

Q. Trans-3,6-dimethyl-2,5-diketopiperazine is optically inactive while Cis-3,6-dimethyl-2,5-
| diketopiperazine is optically active. Why??




Q. ldentify which of the following compounds is a meso compound.

3 HO OH




Achiral compounds

o Has No chiral center

o May contain chiral center but the compound and its mirror image are Superimposable
o Has element of symmetry ( Plane of symmetry or center of symmetry )

N.B: Achiral compound is optically inactive

CH,

.mmCH3
Cl" B

compound, not contain chiral center

H4C""7
Br

CH,

Cl

compound, has Plane of
symmetry, superimposable






Chiral compounds Vs. Achiral compounds

Chiral compounds

Achiral compounds

o", :.
-~ .
E - &

- <
~ E > E
> ~
< >

Has chiral center

Has No chiral center

the compound and its mirror image are
NOT Superimposable

May contain chiral center but the
compound and its mirror image are

Superimposable

Has NO element of symmetry ( Plane of
symmetry or center of symmetry )

Has element of symmetry ( Plane of
symmetry or center of symmetry )

optically active

optically inactive




Enantiomers

+» Enantiomers: stereoisomer compounds with the same connectivity, different
arrangement of atoms in space
»Have one or more chiral center
»Lacks plane of symmetry
»Non super-imposable on its mirror image
»Have same physical and chemical properties
»Rotate the plane of polarized light by exactly the same number of degrees but in
opposite directions
»Different in pharmacological actions

CH, CH, (‘181;13
ll““)\ )‘QN \“‘)\n
Cl CH,CH, H,CH,C (::I H,CH,( \C,ancu,
(5)-2-chlorobutane (R)-2-chlorobutane Nonsuperimposable on its mirror image

Enantiomer



Enantiomers: Non super-imposable on its mirror image




(b)

G~
(b) .
mirror INHHHHHHHHHEHHHI

H
| WCH4

HOOC CH,
H,C CH,
(S)y-Ibuprofen (R)-Thuprofen
Inhibits platelet thromboxane Racemizes to the S-form and does
production twice as effectively as not cause G.L lesions

does the racemate



OH OH

OH HO

JCH,—~NH | HN—CH,""
HO™ %, | | OH
CH3 Cl’l3 H

(R)-(-)-Epinephrine (SH*+)-Epinephrine
Does not fit the enzyme active site

Fit the enzyme active site

(R-L-DOPA (5)-L-DOPA

No biological effect Used for the treatment of ParKinson disease
Enantiomer



3-Chlorocyclohexene

Cl

(R)H{--Carvone
3-Chlorocyclohexene Caraway seeds

Enantiomer )
Enantiomer

R-{-)-Ketamine S«+)-Ketamine
Causes spontaneous motor 2-4 times more potent than R-
activity and post=emergent ketamine in anacsthesia

distress

CH,

\\\“'.
“\
CH,

(S)4+)Carvone
Caraway seeds



Racemic mixture

¢ Racemic mixture: mixture containing equal amounts of two enantiomers.

»It is Optically inactive (a = 0) due to (+) enantiomer cancle the optical activity of (-)
enantiomer.

»sample that is optically inactive can be either an achiral substance or a racemic mixture

»Racemic mixtures are designated using the prefix ( )
+

m (+)-2-butanol

CH, . CH,;
H\\\\\n ‘l”,IIH
HO (‘Hz(‘H:; H3CH2C‘ OH
(S)=(+)=2=butanol (R)=(=)=2=butanol

+ 13.5° rotation - 13.5° rotation



Nomenclature of Enantiomers (R,S System)

+» Determination of chiral carbon
¢ Arrangement of substituents about chiral center:
1.Rank the atoms bonded to the chiral center by atomic number based on

Cahn-Ingold-Prelog sequence rules

{ H—(1) < C-(6)< N—(7) < O—(8) < F—(9) < S-(16) < CI—(17) <Br—(35) <1-(53) }
2.1f the groups attached to the chiral center are not different, the sequence is determined
at the first point of difference
3.The group attached to the chiral center with the highest atomic number = 1, next = 2, etc.
4.Rotate the lowest priority group to the back
5.Draw a curve from group of highest priority through the group of second priority to group
of third priority
6.R (Latin rectus) = right turn and S (Latin sinister) = left turn

CNOF
PSCI
Br




H OH

»The four atoms attached to the stereocenter are C, C, O, and H

»We rank them from 1 to 4 based onatomic number.

»When comparing the four atoms in the example above, we see that oxygen has the

highest atomic number, so we give it the first priority—we give it the number 1.

Hydrogen is the smallest atom, so it will always get the number 4 (lowest priority) when

a stereocenter has a hydrogen atom.

The carbon atom on the left side of the stereocenter has has three bonds (C, H, and H

the carbon atom on the right side of the stereocenter.
It has three bonds (H, H, and H).
The carbon in left side get the no.2 and the carbon in

right side get the no.3

4 1
H OH

T 3

2

»If the group of lowest priority is on

hatched or horizontal line, follow as
normal, but reverse the Rand S

I

chiral carbon




example

(35)

H
(1)
H B
H
example

2
CO,
4
Wy
H,C OH
3 1

(S)-Lactic acid

Br



\ example |

Priority3 - n Priority 2 o C
|
HZC—SZC = Hzc_é_l H,C—C=—=0 = H,C—C—0

chiral carbon

Priority 1 /

C C

“3C_§'=CH2 - "3C_§_CH2 (S)-(+)-Carvone

*+* Double and triple bonds are treated like
bonds to duplicate atoms.



R

becomes

break and duplicate

becomes

break and duplicate

C==C H

becomes

break and duplicate

H H
C C
C &
H H
C N
N C
C &
C C
= e




Enantiomers are different in configuration, one of them is (R) and another is (S) Or one
of them is (S) and another is (R).

e.g.1l

(R)-(-)-Carvone

Caraway seeds

OoH
Name the following OH
Compound using
R,S system
1ICH,—
HO -

NH

CH,

-
)
.
)

3

CH,

\\“‘

CH,

(S)-(+)-Carvone

Caraway seeds

OH
HO

N*CHZ\"
OH

cn3




(S)-Ibuprofen

QUESTION

Name the
following
Compound
using R,S
system

A




Assigning Absolute Configuration to Fischer Projections

Rotation of the Projection 90° Reverses Absolute Configuration
2 4
8) OH‘\ (HH ‘\
(1) / (z)l Rotation 90° (8) ©)

4 H C — > 2 HO C F1

3 CH; (6) 3 CH, (6)

\YY (R)-1-Fluoroethanol (5)-1-Fluoroethanol



Q. Assign an R or S configuration to the chiral center in

each molecule:

Cl HO, CH "
H (I "o _- (f,

O CHO

H NH, CH,OH

(C)

COOH

CHO

HO»C—aH

|
(h)  HeC=aOH

(f) (g)
CH,OH

COOH



Diastereomers

*»* Diastereomers: are stereoisomers those are not mirror images and have different
physical and chemical properties (Unlike enantiomers)

**Types of diastereomers

1- Cis-trans and E, Z isomers

H,C

/

H

A

H

(Cisybut-2-ene

)

CH, H,C H
o] s

C—C

\

H CH,
(Trans)-but-2-ene

Diastercomers (non-mirror-image)

H,CO H ( H,CO F

Diastereomers ( non-mirror image )




2-Conformational isomers ( R/S isomers )

Diastereomers have more than one chiral center

('?OZH COZH
| NH -' NH
Hal é} i \ P e
C C
"\ Nou | on” u
CH, CH;
(2R, 3R)-2-amino-3- (ZR,35)-2-amino-3-
hydroxybutanoic acid hydroxybutanoic acid
Diastereomers (non-mirror-image)




Br H
(2s 3S) (25,3R)

same stereochemistry at G (S)

opposite stereochemistry at (3

Diastereomers ( non-mirror image )




CH
(2S,3S) (2S,3R)

Diastereomers ( non-mirror image )




Q. Following are stereo representations for the four stereo isomers of 1,2,3-butanetriol.
R and S configurations are given for the chiral centers in (1) and (4).

S CH,OH CH,OH CH,OH CH,OH
HetwOH He—~aOH  HOm—~aH HOw—t<m]
H():-l::H HIOH H()ZH HI_(_)H
" CH, CH, ClH, CHy, X
(1) (2) (3) (4)

(a) Write the IUPAC names for each compound showing the R
or S configuration

ot each chiral center.
(b) Which molecules are enantiomers?
(c) Which molecules are diastereomers?




(a) (1) (2S,3S5)-1,2,3-Butanetriol
(2) (2S,3R)-1,2,3-Butanetriol [y M— )
(3) (2R,3S5)-1,2,3-Butanetriol : 1 & gasereomer: ‘ /(2
(4) (2R,3R)-1,2,3-Butanetriol Iy 22U |

(b) Enantiomers are stereoisomers that are % )\ (5 g
nonsuperposable mirror images. g i"/\\-\\:’*.\ 2
As you see from their configurations, Z S ”/(.,.,,' ;
compounds (1) and (4) are one pairof | [© 7

enantiomers and compounds (2) and ) B ' N

(3) are a second pair of enantiomers. (3) QEESErcomers  )(4)
(c) Diastereomers are stereoisomers that

are not mirror images.

Compounds (1) and (2), (1) and (3),

(2) and (4), and (3) and (4) are pairs of

diastereomers.

diagram that shows the
relationships among
these isomers.




