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LESSON 5 4.1. Determination of the stereoisomeric ratio

The measure of the specific rotation was used for decades to determine the
optical purity of chiral samples. This gave rise to the definition of enantiomeric

excess, which nowadays is determined by techniques such as NMR, GC or
HPLC

_ _ [a] observed
Optical purity = x 100
[a] optically pure

% enantiomer A - % enantiomer B 100
Optical purity = : : X = e.e.
P purity % enantiomer A + % enantiomer B

Example for [U] of pure A=+ 100

[U] Optical e.r.
observed purity

+ 80 80 % 80 % 90:10
+ 50 50 % 50 % 73:25
+ 20 20 % 20 % 60:40
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LESSON 5 4.1. Determination of the stereoisomeric ratio

The same equation as for the e.e. is applicable to determine the diastereomeric
ratio (d.e.)

% diastereomer A - % diastereomer B

d.e. x 100

% diastereomer A + % diastereomer B
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LESSON 5 4.1. Determination of the stereoisomeric ratio

Racemic or scalemic mixtures show identical signals for the diastereotopic
protons as for enantiomerically pure samples
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LESSON 5

4.1. Determination of the stereoisomeric ratio

Determination of the enantiomeric purity from 1H NMR diastereomeric samples
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LESSON 5 4.1. Determination of the stereoisomeric ratio

Determination of the enantiomeric purity by 1H NMR

Chiral europium complexes can interact with the polar
groups of a chiral molecule giving diastereomeric mixtures
which can be analised by 1H NMR

0
OJLMe
Ph)\/\ Me

(°)-1 or scalemic mixture

fFaCraChs Spectrum of Spectrum of Sgelc{:trum of

= CH, group group 3 Broup

Z "0 —Eu = OE u of (1)1 of (.’E) -)-1 of {R)-(+)>1

with Eu(hfc), B2% ee) (87% ee.}

0] with Eu(hfc), with Eu(hfc),
3

maghnified signhals
\ Me Me l"‘ Meo" ——JU
s m LIS ppm 115 ppm 113

+ O ppm
Fig. 6.5(b) Effect of adding Eu(hfc), to solutions containing (+)-1 and samples of 1
enriched with the (+)- or (-)-enantiomer.
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LESSON 5 4.2. Separation of stereoisomers

Enantiomers can be resolved by reaction with a chiral compound and separation by
physical methods (crystallization, distillation, column chromatography, etc.) of the
resulting diastereomers. It is important that the reaction is complete in order to avoid
analitical errors. Finally, the enantiomers can be recovered (e.g., by hydrolysis)

O ‘\\\\ ‘\\\\
e H 75 s\ 75 s\
-H-,O
o , M5 fwe _mo_ ojlo 650
C4He HO OH Rl S
‘7
chiral diol
racemic or

separation

H-0, H+l l H,0, H"
0
. 0 -
(S,S-diol) + d’ g +(S,S-diol)
‘C/Hg CaHg
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LESSON 5

4.2. Separation of stereoisomers

Diastereomers (including Z,E stereoisomers)

The diastereomeric ratio can be obtained

can
chromatographic methods (GC, HPLC or column chromatography)

separated by

by signal integration in the

chromatogram
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LESSON 5 4.2. Separation of stereoisomers

Enantiomers can be separated by GC or HPLC when using chiral-phase columns. The
stationary phase (such as modified cyclodextrins) forms temporary diastereomeric
complexes with each enantiomer, showing larger affinity toward one of them, the
elution of which is slower

Signal integration for each enantiomer allows knowing their ratio

{ —  Strongly bonded enantiomer

>
<

} —— Weekly bonded enantiomer

WANA
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LESSON 5 4.2. Separation of stereoisomers

Sometimes, enantiomers can be separated using a column with an achiral stationary
phase if the solution contains different amounts of the enantiomers. This fact generates
a chiral environment and one of the enantiomers may preferentially remain in solution
(due to the stronger interaction with the major enantiomer) with a faster elution (R-R vs
R-S complex if R is the major one).
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LESSON 5

4.3. ldentification of stereoisomers

NMR. Equivalent Hs by symmetry

Homotopic Hs always give only one signal (chemical equivalence)

Enantiotopic Hs give one signal in achiral environments and different signals

In chiral environments

Threefold rotation arrow
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LESSON 5 4.3. Identification of stereoisomers

|
|
For fast processes (t < 1s), such as the rotation in T
alkanes, an average of the environment is observed QC;EOO
I i
as a single signal (equivalent Hs) H/:\Htl
Rotational
axis
When the equilibrium is fast? +
|
|
E 120°
For the equilibrium: A —>B H/Q?KHH’
k |
at 25 °C
i
E,~ 20 kcal mol1, k ~ 102 sec, t;, =1 min 5
E.~ 25 kcal molt, k ~ 10 sec, t;,, =66 h l
/1N
| 7’
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LESSON 5 4.3. Identification of stereoisomers

H
Hp, Hp, Hp,
A
Hg.
H,
2 P
B H,,

E, = 10.8 kcal mol.

At room temperature all Hs are equivalent

The equilibrium can be Afrozeno showing
at -90°C (the time for the chair conversion is higher than the experiment time)
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LESSON 5 4.3. Identification of stereoisomers

Stereochemistry of double bonds and Jm

H Vicinal couplin
. A pling

= I vane= 12-18 Hz; 3.1 uo= 7-11 Hz
R
H
Geminal coupling
Jun geminal 0-3 Hz

For cis/trans isomers, always: J;.ns > Jeis

Weak couplings (1-3 Hz) can also appear for double bonds at a longer range (3-4 C)
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LESSON 5 4.3. ldentification of stereoisomers
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LESSON 5

4.3. ldentification of stereoisomers

THBLE [NRYA  Coupling Constants Around a Double Bond

\

J (Hz)
Type of coupling Name Range Typical
H H
\C C/ . . .
C o Vicinal, cis 6-14 10
H
\C C/ ici
Y Vicinal, trans 11-18 16
H
H
\C—C/ i
- Geminal 0-3 2
H
\C/
N SN
C=C\ H None 4-10 6
H
N
C=C—C—H Allylic, (1,3)-cis or -trans 0.5-3.0 2
4 |
Pt
(|3—C=C—C— (1,4)- or long-range 0.0-1.6 I
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4.3. ldentification of stereoisomers

TEMA 5
3J is a function of the torsion angle

Karplus equation

3J=4.227 0.5coqq) + 4.5c092q )
J12 = 3.5 Hz (@ = 60°)

J3.4=10.0 Hz (@ = 180°)

Jyn (Hz)
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It is useful to determine the stereochemistry in rigid systems such as cyclic
compounds



LESSON 5 4.3. Identification of stereoisomers

Nuclear Overhouser Effect (nOe)

The nOe appears as the result of the direct influence (without bond electron
participation) of the nuclear spin of a proton on the resonance of another proton
through the space

This influence decreases with the distance (r) between nuclei (" 1/r®) and allows to
determine whether or not two groups are close in the space; upon irradiation of one
of them the signal intensity of the other proton increases or decreases

noe No nOe

The absence of nOe does not give any stereochemistry information
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LESSON 5 4.3. Identification of stereoisomers

X-ray crystallography

This techniqgue allows to know the relative configuration in crystalline compounds.
The absolute configuration can be determined by preparing a crystalline compound
derived from a chiral auxiliary of known absolute stereochemistry

CFs3

weor).
€ cocl

Ph r

-
EtsN, DCM

X ray

The fanomalous X-ray dispersiono allows the direct determination of the absolute
configuration of the molecule; the presence of heavy atoms (I, Br, Rb, etc) facilitates
the analysis
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LESSON 5 4.3. Identification of stereoisomers

If the compound is known, then the sign of the [U] meassured in similar conditions
(solvent, concentration, T, @) allows to know the absolute configuration

When the compound is unknown, it can be transformed into a compound of known
absolute configuration. The sign of the [U] allows to correlate the configuration of
products given a certain stereochemical reaction pathway

Unknown configuration

- Me CO,H -
MG){COZH - OH \{ 2 N3 > Me COzH
HO H Sn2 Br Sn2 N,
(+)-(S)-lactic acid (inversion) (inversion)

H,, Pt l (retention)

MeYCOZH

HoN H
(+)-(S)-alanine
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LESSON 5 4.3. Identification of stereoisomers

Optical Rotary Dispersion (ORD) and the Cotton Effect

[J] varies with a-of the radiation (Cotton effect). That is why the D line of Na (589
nm) is normally used to identify the configuration of a compound using a

polarimeter
The variation of [U] with a-is known as the optical rotatory dispersion (ORD) with the

typical curves being shown below

+ev /™ 1stend
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LESSON 5 4.3. Identification of stereoisomers

ORD and the Cotton Effect

+ev /‘ 1stend

4 Wantiomer 1 Positive Cotton effect
[a] amplitude

Enantiomers show opposite ORD curves and the curve corresponds to the optical
rotatory power. The inflexion point a,, where [U = 0, normally coincides with the
maximum absorption of the molecule in UV-Vis
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LESSON 5 4.3. Identification of stereoisomers

The chromophore groups of the molecule are responsible of the UV-Vis absorption
and the ORD is plotted around &, for this group

If the molecule has an achiral chromophore group (e.g, carbonyl, n-p* transition) near

a chiral unit (e.g., a stereocentre), the ORD curve will show the stereochemical
environment around the chromophore group (chiral probe)

MeCsH17

[o]

300 400 500
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LESSON 5 4.3. Identification of stereoisomers

The Octant Rule
This rule establishes a correlation between the absolute configuration of cyclic
ketones (5, 6 and 7-membered cycles) and the Cotton effect. If the ketone is placed in
the way shown below, the sign of the Cotton effect will be given by the region (+ or -)
in which the substituents are

N\ N
| i\ - zone + zone -
< | +\_;F EAN N
OT |\ || Y
| * B I
- _\_ + zone - zone +
AN

View of the 4 octants farther for the observer
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LESSON 5 4.3. Identification of stereoisomers

The Octant Rule
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