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3.3: Configurations

&b Learning Objectives

o understand the meaning of absolute configuration, chiral centers, and draw perspective drawings and Fisher projections to
represent chiral compounds.

o Apply rules to assigning D/L or R/S stereodescriptors to the chiral compounds containing one or two chiral centers.

e Understand optical activity as a physical characteristic of chiral compounds and the factors that affect it.

o Recognize stereochemical relationships between organic compounds, including enantiomers, diastereomers, and meso.

What is a configuration?

A molecule's permanent geometry that results from its bonds' spatial arrangement is called configuration. Stereoisomers have
different configurations for the same set of atoms and the same group of bonds. For example, cis-but-2-ene has a different
configuration than its stereoisomer trans-2-butene, shown in Figure 3.1.1.

Representing a configurations

Representing configuration around a single atom will be described first. An sp-hybridized atom has a linear geometry, as in the case
of hydrogen cyanide H—C = N or carbon dioxide O=C=0 molecules. An sp>-hybridized atom is a trigonal planer, i.e., there are
three o-bonds at 60° to each other in the same plane and one 7-bond with one of the o-bond, as in the case of formaldehyde
)
g
H,C=O0 represented as H” H. An sp>-hybridized atom is tetrahedral, i.e., four o-bonds as two V's of 109° internal angle joined

perpendicular to each other at vortexes, e.g., methane CH, modeled as -~ . Tetrahedral geometry is a 3D geometry usually
represented by perspective drawings or Fisher projections, described in the next sections.

Perspective drawing

Since the tetrahedral geometry is two V's perpendicular to each other, one V is placed in the plane of the screen (or page) and
represented by solid lines. The other V is represented by a solid wedge representing the bonding coming out of the screen towards
the viewer and a hashed wedge representing the bond going beyond the screen away from the viewer, as illustrated below for the
case of two configurations of 2-chlorobutane. The view angle is from the direction of the top-left corner. The V in the plane of the
screen appears larger and the other appears smaller. Usually, the solid wedge is near the viewer relative to the hashed wedge.

C C..
Hw ~ ~ s
of TCHs  HC,” Vg

If the configuration of two or more connected C’s needs to be shown, the V's in the plane of the screen is usually drawn pointing
downwards or upwards, making a zig-zag line as illustrated below for the case of two configurations of 2-chlorobutane.
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In the case of skeletal formulas, C's and H's are not shown. However, the configuration is still readable correctly from the bonds
shown, as illustrated below for the case of two configurations of 2-chlorobutane.

Cl cl

/\/

O

Cl

https://chem.libretexts.org/@go/page/408937


https://libretexts.org/
https://en.wikipedia.org/wiki/Public_domain
https://chem.libretexts.org/@go/page/408937?pdf
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Introduction_to_Organic_and_Biochemistry_(Malik)/03%3A_Stereochemistry/3.03%3A_Configurations

LibreTextsm

Fisher projections

Fisher projections represent the configuration as a projection of the molecule in 2D with four bonds in the shape of a cross, as
explained in Figure 3.3.1.

A
-%-D
B

B)*”D

Figure 3.3.1: Draw Fisher projections by: i) looking at the central atom such that the bonds extending towards the viewer are
placed horizontally and the bonds extending away from the viewer are drawn vertically, and ii) replacing the sold and hashed

wedges with straight lines assuming the horizontal lines are bonds forward and the vertical lines are bonds backward.
(Copyright; Slashme, CC BY-SA 3.0, via Wikimedia Commons)

Examples of Fisher projections of the two configurations of 2-chlorobutane are shown below, along with the perspective drawings.

[ T
Perspective drawings: C C.
HYy 7~ ~INH
cf TCHs  HCT Y
(IJH3 CH,
Fisher projections: H—(IZ—CI Cl—C—H
C.Hs CHs

When more than one consecutive C's needs to be shown by a Fisher projection, the C chain, i.e., the skeleton, is shown vertically.
For this purpose, C—C single bond is rotated by 180° resulting in a semi-cyclic conformation. Then the C's of interest are viewed

from the edge-on so that the horizontal bonds are pointing towards the viewer and drawn vertically from top to bottom, as
illustrated Figure 3.3.2.
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Perspective drawings:

HO H H ;JH
2J 180° F
c CH,OH C.___-CH:0H
onc” e oHe” 5
Hci:h H OH

Perspective drawings of semi-cycgc conformation:

HO H H
F OH fo H
C o ~_"
OHC/ \C'--H OHC/ C—=0OH
CH,OH CH,0OH
Fisher projections:
CHO CHO
HO—C—H H—C—OH
H—C—OH HO—C—H
CH,OH CH,OH

Figure 3.3.2: Tllustration of how to modify perspective drawing of more than one chiral center into a semi-circle conformation
(left) and draw its Fisher projection (right). (Copyright: Left: Public domain (left) and right: Olion17, Public domain, via
Wikimedia Commons

Chiral center

A compound with sp-, sp’>-hybridized central atom, or a sp3-hybridized central atom with two or more same groups have a
superimposable mirror image, as illustrated in Figure 3.3.3. Since the compound and its mirror image are identical in these cases,
these compounds are achiral, i.e., not chiral.

H\ H\ "~ H;N\
Compound: I ~C—H ‘,.-C'eH wC—H “.-C'EH
C HY { HY { HO™ { HO™ {
H—C= H,C H H H,C H.C H,C
Mirror: ) --------------------- % -------------------------------------------------------------------------------------------
H—C=N  Hgc H H H,C H,G HC m‘s
N HO,, \
c H’h,‘ H’f,,‘ HO-’:, ‘ Hof,, ‘ "’.C_._H
Mirror image: || ‘c—H ‘c—H c—H c—H /
o / / / / N
H H H HN 2
Action taken: Copy  Flip the molecule vertically CopyY  Rotate around C-H Rotate the molecule in the i) Rotate around C-H by 120° and
by 120° plane of the page by by 120° ii) swap two groups

Figure 3.3.3: Illustration of converting a compound into its mirror image: simply copy or 'rotate and copy' for achiral, but making

and breaking bonds is needed for chiral compounds. Green arrows indicate flip or rotation. (Copyright; Public domain)
A compound with four different groups attached to an sp>-hybridized central atom has two distinct configurations, which are
related as non-superimposable mirror images of each other, i.e., chiral. Since the two configurations represent different compounds
that are stereoisomers, making and breaking of bonds, i.e., a chemical change, is needed to inter-convert them, as illustrated in
Figure 3.3.3.

An atom, often a C with four different groups attached to it, is called a chiral center.

A chiral center is often a cause of the chirality of the molecule. A stereochemical descriptor, e.g., D or L and R or S, is used to
distinguish the two configurations of a chiral center.
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An absolute configuration is the spatial arrangement of the atoms of a chiral molecular entity specified by a stereochemical
descriptor.

& Stereocenter

A stereocenter is an atom, axis, or plane with at least three different groups attached to it, so interchanging any two groups
creates a new stereoisomer. The chiral center is a sub-class stereocenter, as illustrated in Figure 3.3.3. The C’s of the C=C-
bond of cis-but-2-ene and trans-but-2-ene shown in Figure 3.1.1, have three different groups and they are sterocenters. For
example, swapping —CH,; and —H on any of the two C’s converts cis-but-2-ene to its stereoisomer trans-but-2-ene and vice
versa.

Stereochemical descriptors

Two sets of stereochemical descriptors, i.e., D or L. and R or S, are in common use and described next.

D/L Stereochemical descriptors

The D and L stereochemical descriptors were developed for monosaccharides, i.e., sugars. The monosaccharides have an aldehyde
or a ketone group placed on the top or near the top in Fisher projections. Every other C usually has an alcohol (—OH) group on
them, and they are chiral except the terminal C's, which are achiral.

Looking at the bottom-most chiral C in the Fisher projection of a monosaccharide, if the —OH group is towards the right of
the Fisher projection, it is designated D and if it is towards the left, it is designated L, as illustrated in Figure 3.3.4.

“Figure 3.3.4: Illustration of D and L monosaccharides (glyceraldehyde and glucose), and amino acid (alanine). (Copyright; Public
domain)
A hyphen separates the name of the monosaccharide from the D or L stereodescrptor. The D or L defines the absolute configuration
of the bottom-most chiral C and the name that follows it defines the absolute configuration of all other chiral C's in a
monosaccharide.

Amino acids have a chiral (\ce{C}\) with an amine (—NNH,)) and a carboxylic acid (—COOH) attached to it. The —COOH group
is placed on the top and the —NH,, group is either on the left or right side of the Fisher projection.

If the —NH,, group is towards the right of the Fisher projection of an amino acid it is designated D. If it is towards the left, it is
designated L, as illustrated in Figure 3.3.4.

o Natural monosaccharides (sugars) have D-configurations, and natural amino acids have L-configurations with few
exceptions.

e Although the common names of monosaccharides and amino acids with a D or L descriptor are not TUPAC names, these
are commonly used in biochemistry.

R/S Stereochemical descriptors

The R and S stereochemical descriptors are part of the TUPAC nomenclature. For this purpose, the four groups attached to the chiral
center are assigned priority 1, 2, 3, and 4, where 1 is the highest priority and 4 is the lowest. Then R or S is assigned based on the
groups' relative orientations, considering the priority order.

Sequence rules
The following is the sequence rules, also called Cahn-Ingold-Prelog (CIP) sequence rules for assigning priority.
1. A group attached to a stereocenter through an atom of a higher atomic number (Z) has higher priority. For example, the priority

H
|

H—,N“:IC\‘CH

of the four groups in ~HO *is: —OH > —-NH, > -CH; > -H .
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2. If there is a tie, look at atoms two bonds away from the stereocenter. List them according to their atomic number (Z) and

compare them, one by one, starting from the highest atomic number. Stop at the first point of difference and assign higher

H
H, |
ChnC

. H
priority to the higher atomic number at the first point of difference. For example, in H:C HO * there is a tie between —CH,

H,HH
and —CH,—CH; due to both having C at one bond away from chiral center. Comparison of atoms two bonds away: C,H,H

assigns higher priority to —CH,—CH, over —CHj, i.e., the priority order is: —OH > —CH,—CH; > —-CH; > -H .
3. If the tie does not break at the distance of two bonds, move to atoms at the distance of three bonds from the chiral center and
repeat the process until the first point of difference arrives.

X CIP rule for atoms with double or triple bond

Atom bonded by a double bond is treated as connected twice, and by a triple bond is treated as connected three times. For
example, -CH=CH,, and —C=CH are the same for the atom directly attached to the chiral center. For comparing atoms two
bonds away, the groups are treated as explained in the illustration below, with the first point of difference highlighted in red.

Low priority c C High priority c C

e (H':=CH2 Treated as: v (:‘.—(IJH2 wrC=CH Treated as: (%—(%H
i D
CCH CHH ccg ccH

The rule is to stop at the first point of difference, even if the order may change later, as illustrated below with the first point of
difference highlighted in red.
Higher priority Lower priority
I|: F
wnr CH}— OH e C—NH,
CH,
FOH FNC

Assigning R or S to the chiral center
After all four groups on the chiral center have been assigned priority numbers 1, 2, 3, and 4, two situations arise:

o Case 1: The lowest priority, i.e., #4, is pointing away from the viewer, i.e., it is on a hashed line in the perspective drawing or
on a vertical line in Fisher projection. In this case, R (rectus, Latin for right) is assigned if an arrow drawn from #1 to #2 to #3 is
clockwise or directed to the right, and S (sinister, Latin for left) is assigned if it is directed to the left or counterclockwise, as
illustrated in Figure 3.3.5.

o Case 2: The lowest priority, i.e., #4 is not pointing away from the viewer. In this case,

o swap #4 with the group pointing away from the viewers,
o since a swap of any two groups changes the configuration, reverse the assignments, i.e., assign R if an arrow drawn from #1

to #2 to #3 is clockwise or directed to the right and S if it is directed to the left or counterclockwise, as illustrated in Figure
3.3.5.
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Case 1: Lowest priority group is going away from the viewer

Perspective drawings:

Swap the group going away from
the viewer with the lowest priority group.

2 g |

| 1—C—2
—C—3 3—C—2 | |

I I 3

4 R 18 S

Fisher projections:

Case 2: Lowest priority group is not going away from the viewer

3

| i
o T {9
1

R
Swap the group going away from
the viewer with the lowest priority group.

T 1
e
3 \_& 4

R

Clockwise is R and counterclockwise is S

Reverse the assignment, i.e., clockwise is S and counter clockwise is R

Figure 3.3.5: Illustration of assigning R or S configuration to a chiral center based on priority# 1, 2, 3, and 4, where 1 is the highest
priority, and 4 is the lowest. (Copyright; Public domain)
The stereochemical descriptor R or S describes the absolute configuration of the chiral center. They are placed within small
brackets at the beginning of the TUPAC name, separated by a hyphen, as shown in the examples below. If there is more than one
chiral center in a compound, the locant number precedes each chiral center's R or S descriptor, as explained in the examples below.

3C|} 3 3?H3
4 CS

«C2 )2 2( cR 4
HYZ ™™ ~UN'H
CI1 2Hs Hs :CI

(S)-2-chlorobutane

v/ Example 3.3.1

(R)-2-chlorobutane (2R,3S)-butane-2,3-diol

Assign R/S to the compound shown on the right. Eir
G
Solution I AoH,
2
1. Assign priority based on the atomic number of atoms attached to the chiral center: —Br > —NH, > —CH, >
—H.
2. Swap #4 with the group away from the viewer (hashed wedge). No action needed as —H is already at the Br S
hashed wedge. | “'@:;CH
3. Draw an arrow from #1 to #2 to #3. The arrow is counterclockwise, i.e., the stereodescriptor is S. H.N :
Answer: S
v/ Example 3.3.2
Assign R/S to the compound shown on the right. Ox C’OH
I
1. Assign priority based on the atomic number of atoms attached to the chiral center: —OH is #1, there is a tie H.C
between —CH, and —COOH, and —H is #4.
0,0,0
1. Tiebreaker is O two bonds away H,H,H , assigning #2 to —COOH and #3 to —CHj.
2. Swap #4 with the group away from the viewer (hashed wedge), i.e., —OH with —H in this case. Oy, -OH
3. Draw an arrow from #1 to #2 to #3. The arrow is counterclockwise. Since two groups were swapped, reverse ('I:
the assignment i.e., counterclockwise is R. '||_| C ~OH
k]
Answer: R
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X Trick for assigning R and S

‘| T
4—C—2 2—(|3—4

When the lowest priority group #4 is on the vertical line in the Fisher projection, as in 3 or 3 , there is no
need to swap to bring it on the vertical line. Draw the arrow from #1 to #2 to #3 and reverse the assignments, i.e., assign S if

the arrow is clockwise and R if it is counterclockwise. This trick also works when the lowest priority group #4 is on the solid
3

10~
wedge in the perspective drawing, as in 4 . This trick makes the R/S assignment easy, especially for complex organic
compounds where redrawing the structure after the swap is not easy.

Do not try this trick when the lowest priority group #4 is in the plane of the page in the perspective drawing, as in
4 2

I I
1\\?‘C"‘*—~.2 1\\u“C"'---.4

3 or 3 . These two structures have opposite configurations, but the arrow drawn from #1 to #2 to #3 is
in the same direction for both. It will lead to an incorrect assignment in one of the two.

v/ Example 3.3.3

Assign R/S to the compound shown on the right. CH,

Solution CI—(|3—H
1. Assign priority based on the atomic number of atoms attached to the chiral center: —Cl is #1, there is a tie |

between —CH; and —CH,,CH;, and —H is #4. c

C,H,H
1. Tiebreaker is C two bonds away H,H, H , assigning #2 to —CH,CH, and #3 to —CHj,.
2. Swap #4 with the group away from the viewer (hashed wedge). Trick: No need for Fisher projection, as CH,
the assignment can be reversed in the last step.
3. Draw an arrow from #1 to #2 to #3. The arrow is clockwise. Since the lowest priority group is on vertical
line, reverse the assignment i.e., clockwise is S. H;

H,
SCH,

|
cutl:H

~

CH,

Answer: S

v/ Example 3.3.4

Assign R/S to the compound shown on the right.

Solution

1. Assign priority based on the atomic number of atoms attached to the chiral center: —NH, is #1, there
is a tie between —C(CH,),SH and —COOH, and —H is #4.

1. Tiebreaker is S two bonds away g,’ g’,CO, assigning #2 to —C(CH,;),SH and #3 to —COOH.

2. Swap #4 with the group away from the viewer (hashed wedge). Trick: No need for perspective
drawing with the lowest priority group on a solid wedge, as the assignment can be reversed in the last
step.

3. Draw an arrow from #1 to #2 to #3. The arrow is clockwise. Since the lowest priority group is on the
solid wedge, reverse the assignment i.e., clockwise is S.

Answer: S (This compound is (S)-penicillamine)
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v/ Example 3.3.5

Assign R/S to the compound shown on the right.

Solution

5,0,C

group is already away from the viewer on hashed wedge.

Answer: R (This compound is (R)-penicillamine)

Compounds with one chiral center

1. Assign priority based on the atomic number of atoms attached to the chiral center: —NH, is #1, there
is a tie between —C(CH, ), SH and —COOH, and —H is #4.

3. Draw an arrow from #1 to #2 to #3. The arrow is clockwise. Clockwise is R.

1. Tiebreaker is S two bonds away 0,0.0, assigning #2 to —C(CH3)2SH and #3 to —COOH.

2. Swap #4 with the group away from the viewer (hashed wedge). Not needed as the lowest priority

Compounds containing one chiral center are chiral. They have a stereoisomer called enantiomer, which is their non-superimposable
mirror image. Some examples of compounds containing one chiral center, their enantiomers with their absolute configuration
assigned by D/L system and R/S system, and their tetetrahederal geometry illustrated are shown in Figure 3.3.6.

QHO Fischer projection QHO ECHO Eischer projection BCHO
HOW-C<H H»-C<OH | HOM-C-aH Hw-COH
CH,OH CH,OH CH,OH CH,OH
CHO cromision  CHO RCHO gromiesion RCHO
®y y ® ®y vy ®
HOH,C” YoH  HO™C¥cH,0H | HOH, ™ YoH  HOY ©cH,oH
CHO CHO RCHO RCHO
HOHZC‘H H CHOH | HOH,C » 4 CH,OH
- Glyceraldehyde - Glyceraldehyde - Aldose R D. Aldose
COOH  ssessean  COOH COOH fmssmwmmeses  COOH
H,Nm-C<tH He-CaNH, | HOM-C-aH Hw-C<CH
R R CH, CH,
COOH  cemsiecion COOH COOH  ceersiecion COOH
OF] ® ¥ OF] ® v
RY CW\H, HN”OWR | HeY CvoH HO™ “ch,
COOH COOH COOH COOH
H H R H c‘ &CH
NH, H,N
E-Amino acid g Amino acid L-Laclic acid g- Lactic acid

Figure 3.3.6: Absolute configurations assigned according to D/L system and R/S system and tetrahedral geometry illustrated for
glyceraldehyde (top-left), the general structure of monosaccharides containing an aldehyde group called aldoses (top-right), general

structure of amino acids (bottom-left), and lactic acid (bottom-right). (Copyright; Qniemiec, CC BY-SA 3.0, via Wikimedia

Cornmons)
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Enantiomers have the same physical and chemical properties, except when they react with or interact with other chiral objects
or molecules.

For example, hands and gloves are chiral objects. The right-hand glove fits on the right hand, and the left-hand fits on the left.
Similarly, enantiomer molecules react equally and when they are produced in a chemical reaction they are produced equally, except
when one of the reagents is chiral. For example, enzymes are chiral reagents and usually react with one of the two enantiomers in
the reactants and/or produce one of the two enantiomers.

Optical activity

The light has an electric field oscillating perpendicular to the direction of propagation of the light. Ordinary light has an electric
field oscillating in all places perpendicular to the direction of propagation. When it passes through a polarizer, it transmits only the
waves oscillating in one plane, i.e., plane polarized light, as illustrated in Figure 3.3.7. The plane polarized light is composed of
left-handed and right-handed circularly polarized light, which are non-superimposable mirror images of each other, i.e., chiral, as
shown in Figure 3.3.7.

Figure 3.3.7 : Top: Illustration of unpolarized light with an electrical component oscillating in all directions perpendicular to the

axis of propagation, linear polarized light in which the oscillation is restricted in one direction, and a left-handed component of the

linear polarized light. Bottom: left-handed and right-handed components of plane-polarized light that are non-superimposable

mirror images of each other. (Copyright: Dave3457, Public domain, via Wikimedia Commons)
When the plane-polarized light passes through a solution of chiral molecules, one enantiomer absorbs more right-handed and the
other more left-handed component. Therefore, if the solution is of a pure enantiomer, the plane of the plane-polarized light rotates
clockwise or counterclockwise. The enantiomer that rotates the plane polarized clockwise is called dextrorotatory (abbreviated as d
or (+)), and the other that rotates it counterclockwise is called levorotatory (abbreviated as 1 or (-)).

o The ability of chiral compounds to rotate the plane of plane-polarized light is called optical activity.
o Chiral compounds are optically active, and achiral compounds are optically inactive.

o An instrument used to measure the ability of a compound to rotate the plane of a polarized light is called a polarimeter,
illustrated in Figure 3.3.8.
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Figure 3.3.8: Illustration of the operating principle of a polarimeter: 1. light source, 2. unpolarized light, 3. Polarizer, 4. Plane
polarized light, 5. the tube containing sample solution, 6. rotation of the plane of the polarized light, 7. Rotatable analyzer, 8.

Detector. (Copyright; Kaidor, CC BY-SA 3.0, via Wikimedia Commons)

The rotation of the plane of plane-polarized light by an enantiomer is called observed rotation, measured in degrees. The observed
rotation depends on the concentration of the sample, the path length of the light through the sample, the wavelength of the light
used, and temperature.

# Specific rotation

When the concentration is fixed to 1 g/mL (or density of the pure sample in g/mL) and path length to 1 dm, the observed
rotation is specific rotation [«].

Usually, the wavelength (A) is 589 nm, i.e., sodium D light and temperature (T) is room temperature and shown as subscript and
superscrpt: [, as in the following formula.

r Observed rotation (in degree)
oy = Path length (dm) x Concentration (g/mL)

The specific rotation is a characteristic physical property of chiral compounds. If one enantiomer is dextrorotatory, the other is
leavorotatory to the same degree, as shown in the following examples.

OH OH

|"C C s
HWy ™~ < UNH
HSCZI CH,  HC \CZH5
(S)-(+)-2-butanocl (R)-(-)-2-butanol

[afs +13.52 (o] -13.52

S and R define the absolute configuration of the chiral center, and dextrorotatory (+) or levorotatory (-) is an experimental
property of the compound. A compound with S configuration may be dextrorotatory (+) or levorotatory (-), the same for R
configuration. For example, (S)-lactic acid is dextrorotatory (+), and its salt (S)-sodium lactate is levorotatory (-), as shown

below.
[ [
C.. C..
< NH < INH
HO™ “coon  HOT Neoona:
(S)-(+)lactic acid (S)-(-)-sodium lactate

# Racemic mixture

Mixing a chiral compound with its enantiomer diminishes its optical activity. A 50:50 mixture of enantiomers is optically
inactive called a racemic mixture.

3.3.10 https://chem.libretexts.org/@go/page/408937
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Compounds with more than one chiral centers

The maximum number of stereoisomers possible for chiral compounds is given by the formula 2", where n is the number of chiral
centers. For example, glyceraldehyde shown in Figure 3.1.1 has one chiral center and (2'= 2) two stereoisomers: D-glyceraldehyde
and L-glyceraldehyde. Erythrose, i.e., another monosaccharide, has two chiral centers and (22= 4) four stereoisomers, as shown in

Figure 3.3.9.
A A° H 0 |
| H——OH HO——H |
H——OH Enantiomere HO——H
CH,OH CH,OH |
M @ |
Diastereomerie
[
| A 20 H. O
HTOH > HO——H
HO——H Enantiomere H——0H
CH,0H CH,OH

(3) (4)

Figure 3.3.9: Illustration of enantiomer and diastereomer relationship among stereoisomers: 1) D-erythrose, (2) L-erythrose, (3) L-
threose, and (4) D-threose. (Copyright; Roland.chem, CCO, via Wikimedia Commons)

D-erythrose and L-erythrose are enantiomers, and D-threose and L-threose are also enantiomers, but erythrose is not an enantiomer
of threose.

# Diastereomers

Stereoisomers that are not enantiomers are diastereomers of each other. For example, D-erythrose is a diastereomer of D-
threose and L-threose, as illustrated in Figure 3.3.9.

The formula 2" tells the maximum possible number of stereoisomers of compounds having n number of chiral centers. The actual
number may be less than the maximum. For example, tartaric acid has two chiral centers and three stereoisomers: (+) tartaric acid
and (-) tartaric acid, which are enantiomers and achiral stereoisomers that is diastereomers of the first two, as illustrated in Figure
3.3.10. The third isomer is achiral because its mirror image is identical, simply rotated by a 180°.

0
H
",y - OH
HO
HO
N H
e
[¢)
(-) Tartaric acid ; (+) Tartaric acid Tartaric acid (Meso)

Figure 3.3.10: Illustration of enantiomers of tartaric acid and their achiral (meso) stereoisomer. The dotted line represents a mirror
plane between enantiomers and the mirror plane, i.e., the symmetry plane in the meso isomer. (Copyright; Public domain)

# Meso compound

A meso compound is an achiral compound with two or more chiral centers. A meso compound has a plane of symmetry that
divides into two mirror-image halves, as illustrated in Figure 3.3.10.

Enantiomers have the same physical and chemical properties, except when interacting with chiral objects or reagents.
Diastereomers have different physical and chemical properties, as can be observed in Table 1.

Table 1: Some of the physical and chemical properties of enantiomers ((+)-tartaric acid and (-)-tartaric acid) and their diastereomer (meso tartaric
acid)
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Stereoisomer

Specific rotation
Melting point (°C)
Density at 20°C (g/mL)

Solubility in water at 20°C
(g/100 mL)

pK, at 25°C

pK, at 25°C

Chirality in life

(+)-Tartaric acid
+12.7
171-174

1.7598

139

2.98

4.34

(-)-Tartaric acid
-12.7
171-174

1.7598

139

2.98

4.34

Meso tartaric acid

0
146-148

1.660

125

3.23

4.82

A large number of compounds in living things are chiral. For example, amino acids and carbohydrates are chiral. Macro-molecules
like proteins and nucleic acids are also chiral. Chirality is also observed on a macro-scale, e.g., our hands, foot, and ears are chiral.
Similarly, horns and spots in axis deer are chiral, as shown in Figure 3.3.11

Figure 3.3.11: Chiral spotted male axi:

Commons)

Y 3PV

Stereospecific reactions in living things

W)

it R 2P et o e
deer (Axis axis) at Wild Fl

orida Safari Park. (Copyright; Nosferattus, CCO, via Wikimedia

Most chemical reactions in living things are stereospecific, i.e., one stereoisomer selectively reacts, and one is selectively produced.
For example, the human digestion enzyme chymotrypsin has 268 chiral centers and 22%% possible stereoisomers, but only one
isomer is produced. This is because amino acids that constitute chymotrypsin and other enzymes have L-configuration. The
enzyme-catalyzed reactions are often stereospecific because their binding sites are chiral, and only one enantiomer reactant fits in
them nicely for the reaction, as illustrated in Figure 3.3.12 Similarly, one specific surface of enzyme-bound substrates is exposed
for the reaction that results in the selective production of one enantiomer.
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Figure 3.3.12: Illustration of stereoselective enzyme binding sites, taste, order, and drug receptors. (Copyright; Public domain)

Chirality manifests in taste, flavor, odor, and drug action as their receptors have chiral binding sites, as illustrated in Figure 3.3.12
Examples include:

o L-aspartame tastes sweet and is used as an artificial sweetener but D-aspartame is tasteless,
e R-(-)-carvone smells like spearmint, and S-(+)-carvone smells like caraway,

e R-(+)-limonene smells like orange and lemon, and S-(-)-limonene smells like a spruce tree,
e (S)-penicillamine has antiarthritic activity, and (R)-penicillamine is toxic, and

o S-ibuprofen has anti-inflammatory action, and R-ibuprofen is inactive.

\OH
R

NH; .o
0]

SH 5
\}—OH
CH
s 3 Hll
sH NH

C

s
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carvone limonene

penicillamine ibuprofen

This page titled 3.3: Configurations is shared under a Public Domain license and was authored, remixed, and/or curated by Muhammad Arif
Malik.
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