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Outline
Introduction

Analytical (Separation) Methods

♦ Enantioselective Interactions

♦ TLC, GC, HPLC, SFC, CE,
NMR, Polarimetry, Crystallization

♦ Databases, Literature, useful links

♦ Chirality, physiological activity of enantiomers 
♦ Definitions

Method Selection
♦ Where to start
♦ Comparative separations

Not covered:

Preparative 
separations

Not covered:

Preparative 
separations
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Chirality
Chirality: Description for the property of any object to 

be different from its own mirror image

Enantiomers: Mirror images of any object
Racemate: equimolar mixture of two enantiomers
Diastereomers: Stereoisomers, which do not behave as image and mirror image

(possible for molecules with more than one chirality elements).
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Physiological Activity of Enantiomers
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Axial Chirality
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Access to optically pure compounds

1. Isolation from natural sources

2. Fermentation (de novo synthesis)

4. Asymmetric Synthesis
• Chemo-Catalysis
• Biocatalysis

3. Resolution of racemates
• Separation of Diastereoisomers (crystallization)
• Chromatography using chiral stationary phases
• Biocatalysis
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Definitions

Resolution, RS
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SReeEnantiomeric excess, ee

RS > 1.5 results usually in base line separation
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Efficiency of separation

Retention factor, k

Separation factor, α

0

0 )(
t
ttk s −=

´

´´

k
k

=α

t0 = “dead volume”

ts = retention time

656410- ∆(∆G) (kcal/mol)

1 936

6 400

193 600
α = 1.10

640 000641

193 60019.410

1 936 00019360.1
α = 1.01α = 2.00k´
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Databases

Chemical abstracts – SciFinder



Recent Advances in 
Chiral Separations

A Bibliometric Study Using SciFinder Scholar

Prof. Pietzsch,
MLU Halle-Wittenberg, FB IW



SciFinder Scholar:  a powerful search tool 
for locating scientific information

• Scholar provides many access 
points to retrieve information: 
– chemical name
– chemical structure
– keywords
– author names…

• Use Scholar to analyze your search  results



Explore by Research Topic
Begin your search by selecting  “Research Topic”



Chiral separation and enantiomer resolution

Input Your Search Terms



Topic Candidates
SciFinder Scholar presents candidates of interest based on the 
research topic input. Over 15,015 answers are retrieved.



SciFinder Scholar Analyze Tool

Sort and visualize your search results



Analyze Choices

• Author Name Index Term
• CAS Registry Number    Journal Name
• CA Section Title               Language
• Company/Organization   Publication Year
• Supplementary Term       Database
• Document Type



SciFinder Scholar Analyze Tool
Answer set sorted by author



CAS Registry Number Analysis
•There are more than 119,659 different substances indexed
•The most frequently indexed compound is β-cyclodextrin

Click to see 
structure





Company/Organization Analysis
•There are over 7,000 companies and organizations represented.
•Top organizations can be cross correlated with the top authors.



Journal Name Analysis
• There are 1619 Journal titles listed 
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Databases - cont.

Chirbase http://chirbase.u-3mrs.fr

Chemical abstracts – SciFinder
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Chirbase

A powerful Information System for Chiral Separations 
of Enantiomers by Chromatography

CHIRBASE is a molecular database which contains : 

• 98,000 chiral separations
• 25,000 molecular structures
• 4,000 new separations updated every four months
• A multitude of unpublished Data
• Three types of format : ISIS/Base/Local, ISIS/Host and REACCS 

Price 

Companies 5000 $ single PC version 1000 $ / year for 3 updates

Academia on request and project
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Columns for Chiral Separation 

http://chirbase.u-3mrs.fr/chirbase/database.html
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Databases - cont.

Chirbase http://chirbase.u-3mrs.fr

Chemical abstracts – SciFinder

Several suppliers provide information about
separations carried out using their equipment

e. g. Advanced Separation Technologies 
http://www.astecusa.com/applications/index_mod.asp
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Books

W. A. König, "Gas Chromatographic Enantiomer Separations with 
Modified Cyclodextrins", Hüthig Buch Verlag, 1992.

S. Ahuja, “Chiral Separations by chromatography", Oxford University 
Press, 2000.

Thomas E. Beesley, Raymond P. W. Scott, “Chiral Chromatography”,
John Wiley & Sons, 1998.

G. Gubitz, “Chiral Separations: Methods and Protocols (Methods in 
Molecular Biology, 243)”, Humana Press, ISBN: 1588291502, in prep, Nov. 
2003

B. Chankvetadze, “Capillary Electropheresis in Chiral Analysis”,
John Wiley & Sons, 1997. 

In press

G. Subramanian, “Chiral Separation Techniques”, 2nd ed., Wiley 
VCH, 2001.
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Other useful links 

http://family.swu.ac.kr/~cat/links_chromatography.htm

lists information on   
• ACADEMY & INSTITUTE   

• LINKS & RESOURCES

• CHROMATOGRAPHY DISCUSSION GROUP & SOCIETY   

• MANUFATURERS & SUPPLIERS

• CORE JOURNALS for CHROMATOGRAPHY & SEPARATION

• Research



B
io

en
gi

ne
er

in
g

M
ar

tin
-L

ut
he

r-
U

ni
ve

rs
itä

t
Conferences 

ISCD-14 / 14th International Symposium on 
Chirality (2002) / Hamburg, Germany

The 14th International Symposium on Chirality
(ISCD-14) was held at the University of 
Hamburg, Hamburg, Germany, from September 
8 - 12, 2002.
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Separation methods

• Thin layer chromatography, TLC

• Gas chromatography, GC

• High pressure liquid chromatography, HPLC

• Supercritical fluid chromatography, SFC

• Capillary electrophoresis, CE
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Efficiency of separation

S. Ahuja, “Chiral Separations by chromatography", Oxford University Press, 2000
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The first enantio-separation
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Mechanical Separation of the Enantiomers of tartaric acid
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Pasteur, L. (1848), Comptes Rendus, Acad. Sci. (Paris), 26, 535-538
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Enantioselective Interactions
Three-point interaction theory (Dalgliesh, 1952; Pirkle, 1986)

S. Ahuja, “Chiral Separations by chromatography", Oxford University Press, 2000



B
io

en
gi

ne
er

in
g

M
ar

tin
-L

ut
he

r-
U

ni
ve

rs
itä

t
Enantioselective Interactions

S. Ahuja, “Chiral Separations by chromatography", Oxford University Press, 2000

Three-point interaction theory (Dalgliesh, 1952; Pirkle, 1986)
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Where to start

2. Of course: Literature and Database search

3. Equipment available, Costs for new equipment

1. For enantiomer resolutions: Is my molecule chiral?
2n stereoisomers (n = number of stereogenic centers)

4. Method selection (personal opinion)

Often applicable 
without derivatization

HPLC

Long columns possibleOnly for volatile compounds
Sometimes derivatization required

GC

fast 
for method develop.

qualitative 
semi-quantitative

TLC

ProConMethod
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GC vs HPLC

Up to 301.05 – 2Separation 
factors, α 

Little knownImportant for 
medium to high 

∆(∆H)

Temperature 
influence

ModerateVery highColumn 
efficiency

HPLCGC
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Temperature influence

In general: • α increased with decreasing temperature
• 1 - 2% per °C

HPLC
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Choice of the stationary phase

Reversed phase 
(aqueous buffer)

Albumin, glycoproteinProteins5

Reversed phase 
(aqueous buffer)

Proline, OH-prolineLigand exchangers4

Reversed phase, 
e. g. aqueous 
MeCN or MeOH

Cyclobond 1-3, 
Chiralcel CR, 
Chiralpak OP, OT, 
Merck grafted

Inclusion CSPs, e. g. 
cyclodextrins, crown 
ethers, polyacrylates, 
polyacrylamides

3

Normal phase 
(polar modifier)

Chiralcel OA, OB, OF, 
OJ, etc.

Cellulose triesters or 
carbamates on silica

2

Normal phase 
(polar modifier)

DNB-glycine, DNB-
leucine, 
naphthylalanine

Brush-type 
(donor acceptors

1

Usual ModeExamplesDescriptionType

Table 8.1 Classification of Chiral Stationary Phases (CSP) 

S. Ahuja, “Chiral Separations by chromatography", Oxford University Press, 2000
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Choice of the stationary phase

Figure 8.1 Selection proceedure for a CSP

S. Ahuja, “Chiral Separations by chromatography", Oxford University Press, 2000

NORMAL PHASE REVERSED PHASE

yes

Type 1

DERIVATIZATION 
NECESSARY ?

π-Acid/Base close to 
C* ?

no

no

Type 2

yes

Type 4

Cyclodextrin

yes

Other incl. CSP

no

yes

Type 5

Hydrophobic group 
fits Cyclodextrin ?

no

Type 3

Strong Cation/Anion 
near C* ?

no

ANALYTE LIGATES 
TO Cu(II) ?

yes

brush cellulose

inclusion

ligand protein
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Comparative Separations
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Results: α for CE = HPLC > SFC > GC
RS for CE > HPLC > GC > SFC
N (first peak) for CE > HPLC = GC > SFC
CE slowest method
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The End


