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Some Definitions

» Asymmetric center - sp3 carbon with 4
different groups attached

» Optical activity - the ability to rotate the
plane of plane -polarized light

» Chiral compound - a compound that is
optically active (achiral compound will
not rotate light)

» Polarimeter - device that measures the
optical rotation of the chiral compound
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Polarized Light

Plane-polarized light is composed of waves
that vibrate in only one plane.

waves vibrating waves vibrating
in all directions - in a single plane

\

l

polarizing filter plane-polarized light

light source
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Optical Activity

» Enantiomers rotate the plane of polarized
light in opposite directions, but same
number of degrees.
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Chirality

,
right hand left hand F

« “Handedness”: Right-hand glove
does not fit the left hand.

« An object is chiral if its mirror image
is different from the original object.




Achiral

» Mirror images that can be superposed are
achiral (not chiral).
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Stereoisomers

Enantiomers: Compounds that are
nonsuperimposable mirror images. Any
molecule that is chiral must have an
enantiomer.
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Chiral Carbon Atom

» Also called asymmetric carbon atom.

» Carbon atom that is bonded to four different
groups is chiral.

» Its mirror image will be a different
compound (enantiomer).




Stereocenters

» An asymmetric carbon atom is the most
common example of a chirality center.

» Chirality centers belong to an even broader
group called stereocenters. A stereocenter
(or stereogenic atom)is any atom at which

the interchange of two groups gives a
stereoisomer.

» Asymmetric carbons and the double-bonded
carbon atoms in c/s-trans isomers are the
most common types of stereocenters.




Examples of Chirality Centers

CH,CH; CH,CH,CHj H
H ' CCHzcm
H
3C Br 3 CH(CH;), H

‘ asymmetric carbon

chirality centers (*)

stereocenters (circled)

Asymmetric carbon atoms are examples of chirality centers, which
are examples of stereocenters.




Achiral Compounds

Mmirror

]

rotate 180°

_>

T

same as the

i first structure

Take this mirror image and try to
superimpose it on the one to the
left matching all the atoms.
Everything will match.

When the images can be superposed, the
ound is achiral.
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Crystal Solution " Substituted biphenyl
Bipnenyl : with different bulky ortho
substituents A and B on each ring
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H COOH CO,H
Biphenyl-2-2'- (1)
dicarboxylic acid Chiral
(Diphenic acid) (Optically active)
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Planar form has a Chiral
center of symmetry

Achiral
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Enantiomers of 2, 3-pentadiene
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Allene (propa-1, 2-diene)

" H
H
\c No=c=c:" H\c—c"—c"/H
[ /3 A g W s MR
7 8
() (1)
2-3-Pentadiene (Achiral)

(Chiral)

(Achiral)
H,C H
.
(CH,),C

(V)

Substituted allenes [minimum each pair of ligands at end carbons different
abC=C=Cab (a # b)] are chiral. Chiral allenes e.g., 2, 3-pentadiene have a C, axis.

The interchange of groups at either end reverses the chirality - gives an enantiomer
(see, scheme (1.112). The stereogenic unit in chiral allenes is a chiral axis.

Asymmetric
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A cumulene (even number of double bonds) shows enantiomerism if R2R’

R , e el )9——02'
R’\/\C Cc=C C<R Ri‘g (c C (C)(;R
. R RA) CO——CO o2

shows geometrical isomerism.

A cumulene (odd number of double bonds)
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