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6.1 What Are Stereoisomers and Enantiomers?
6.2 How Do We Designate the Configuration of a Stereocenter?

6.3 What Is the 2" Rule?
6.4 How Is Chirality Detected in the Laboratory?
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6.1 What Are Stereoisomers (3 {&7%13{k) and Enantiomers (XfBR{k) 2

Stereoisomers Isomers that have the same molecular formula and the
same connectivity, but different orientations of their atoms in space.

CHjg CHj
and
CH; ""CHs
cis-1,2-Dimethyl- trans-1,2-Dimethyl-

cyclohexane cyclohexane

CH CH CH H
3 \(' C o d 3 \(‘ C 4
A — A H.ﬂ A — A
S AN / AN
H H H CH;
cis-2-Butene trans-2-Butene
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Isomers

Different compounds with
the same molecular formula

Constitutional isomers Stereoisomers
Isomers with a different Isomers with the same
bRz X ALY connectivity of connectivity of atoms, SMEREE
their atoms but a different orientation

of their atoms in space

Enantiomers Diastereomers
Stereoisomers whose molecules Stereoisomers whose
are nonsuperposable molecules are not

mirror images

X BR 7 A {A R FE

mirror images
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Enantiomers (¥fB%{&) Stereoisomers that are nonsuperposable mirror images; the

term refers to a relationship between pairs of objects. = MR
the four different 01-1/ (A F5rwx)
“groups” bonded to this . | o
carbon are —H, —OH, CH3CHCHyCHjy

- CH3, and _CHECH‘;

2-Butanol

il 0
Coom e G

Y \ H H N

® CHs  ‘cH,cH, CH;CH, CHs
Original Mirror image P
{|:‘ &‘(Ii/' rotate about the (|:
) iy Ty C—OH bond by 1580° “tatgy ,
CHR/ \H H l‘ \CH% > CHq/ N *’(;HQ{.H.H,
CHoCHs CH3CHy H
The original The mirror image of The mirror image

molecule the original molecule rotated by 180°
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Chiral (F1%) From the Greek cheir, meaning hand; objects that are not superposable
on their mirror images.

™0 o
‘ /C”\‘“f: H H \\“/(A\
CHs  “ch, cHy CHs
Original Mirror image
& @ g g @

every single group on this atom matches up with the corresponding
groups in the mirror image (i.e., they are superposable)

- 3

OH 4 180° OH OH
(L R\“‘{l:/ rotate about the |1|_‘
gy b C—OH bond h‘r 1207 A gy
CHy” N 1 HY ~>cn, > o, v H
CHs; CH, CHj,
The original The mirror image The mirror image

rotated by 180°
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Achiral (dEF1%) An object that lacks chirality; an object that has no handedness and is
superposable on its mirror image.

Plane of symmetry (XFZE) An imaginary plane passing through an object and dividing
it such that one half is the mirror image of the other half.

Chiral center (%) An atom, such as carbon, with four different groups bonded to it.
Stereocenter (:Z{fAH(») An atom at which the interchange of two atoms or groups of

atoms bonded to it produces a different stereoisomer.

Planes of

Plane of symmetry

symimetry
CH,
AN
D /—YOH
> CH3

(a) (b)

(c)
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The inactive enantiomer The active enantiomer

of ibuprofen /835
R,S system A set of rules for specifying the configuration about a stereocenter.

R From the Latin rectus, meaning right; used in the R,S system to
show that the order of priority of groups on a stereocenter is clockwise.

crowp ol S From the Latin sinister, meaning left; used in the R,S system to show

lowest

/ priority that the order of priority of groups on a stereocenter is counterclockwise.
4 points away

from you
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To assign an R or S configuration to a stereocenter,

1. Locate the stereocenter, identify its four substituents, and assign a priority from 1 (high-
est) to 4 (lowest) to each substituent.

2. Orient the molecule in space so that the group of lowest priority (4) is directed away from
you, as would be, for instance, the steering column of a car. The three groups of higher
priority (1-3) then project toward you, as would the spokes of a steering wheel.

3. Read the three groups projecting toward you in order, from highest priority (1) to lowest
priority (3).

4. If reading the groups proceeds in a clockwise direction, the configuration is designated R
(Latin: rectus, straight, correct); if reading proceeds in a counterclockwise direction, the
configuration is S (Latin: sinister, left). You can also visualize this situation as follows: Turning
the steering wheel to the right equals R, and turning it to the left equals S.
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(a) (b)

(@) The order of priority is -Cl >-CH, CH; > - CH; > -H. The group of lowest priority, H,
points away from you.Reading the groups in the order 1, 2, 3 occurs in the counterclockwise
direction, so the configuration is S.

the hydrogen is pointing away
from you and out of view
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(b) The order of priority is -OH > -CH=CH > - CH,CH, > -H. With hydrogen, the group
of lowest priority, pointing away from you, reading the groups in the order 1, 2, 3 occurs
in the clockwise direction, so the configuration is R.
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6.3 What Is the 2" rule?

To generalize, for a molecule with n stereocenters, the maximum number of stereocisomers
possible is 2" .

A. Enantiomers and Diastereomers (3B {a F13E 3R {%)

Diastereomers(EXT R F449{F) Stereoisomers that are not mirror images of each other;
the term refersto relationships among objects

HOCH, —(le—(le—CI—I —0

OH OH
2,3,4-Trihydroxybutanal



'ﬁ% ﬁx‘ﬁid.“.ﬂ“’.

XIAN JIAOTONG UNIVERSITY SCHOOL OF CHEMISTRY

.

CHO

H— C —OH

H=— C —OH
CH,OH

(a)

\

CHO
HO=— C —H

CH,OH

(b)

One pair of enantiomers

(ervthrose)

(2R,3R)

(2S,3S)

TR EERRE

CHO
He C —OH

CH,OH

(c)

CHO

HO— C —H

CH,OH

(d)
/

N

A second pair of enantiomers

(threose)
(2R,3S)

7 BT 4

(2S,3R)
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B. Meso Compounds (REIELE) HOC—GH—GH—COH
OH OH

2,3-Dihydroxybutanedioic acid
(tartaric acid)

COOH COOH COOH COOH
H— C —OH | HO— C —H H— C —OH HO— C —=H
| | | !
HO—C—H | H—C—OH H— C =OH HO=~ C—H
COOH COOH COOH COOH
(a) (b) (c) (d)
\ J . J
Y v
A pair of enantiomers A meso compound

Meso compound (38 E{E) An achiral compound possessing two or
more stereocenters.
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6.4 How Is Chirality Detected in the Laboratory?

Polarimeter ({RE#&3t) An instrument for measuring the ability of a compound to
rotate the plane of polarized light.

observed rotation (HEJ:E) The number of degrees through which a compound
rotates the plane of polarized light.

Specific rotation (ELHEYEE) Observed rotation of the plane of polarized light
when a sample is placed in atube 1.0 dm long at aconcentration of 1.0 g/mL.

Observed rotation (degrees)

Specific rotation = [a]! = 5
P ! Length (dm) X Concentration

Dextrorotatory (#7E) Rotating the plane of polarized light in a polarimeter to the right.
Levorotatory (ZJi£) ORotating the plane of polarized light in apolarimeter to the left.
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(8)-(+)-2-Butanol (R)-(-)-2-Butanol ;\
[a]d + 13.52° [a]d —13.52° N

Racemic mixture (JMETEME) A mixture of equal amounts of two
enantiomers.

Optically inactive (JEF¢F7ET) Showing that a compound or mixture
of compounds does not rotate the plane of polarized light.



mp  [a]p(R) AR pKal  pKaz2
(g/100ml)
(+)-Ba#  170°C  +12.0 139 2.98 4.23
(-)-Brz#  170°C  -12.0 139 2.98 4.23
(H)-BEx8  206°C 0 20.6 2.96 4.24
meso-F 48 140°C 0 125 3.11 4.80
1K AR A ARk

@ LR AR —FHAEAE, EXFERA,
o SMNER: RRAY, THHE —sFaduik, —
o Hilkik: RE—LEH, FEFL AR HOOC-ﬁ?H-CH-COOH

|
OH OH
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