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Chiralit

Chirality:  Description for the property of any object to
be different from its own mirror image
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= central axial planar helical
o
GCJ Enantiomers: Mirror images of any object
s Racemate: equimolar mixture of two enantiomers
c : . . . : .
8 Diastereomers: Stereoisomers, which do not behave as image and mirror image
o0 (possible for molecules with more than one chirality elements).



Physiological Activity of Enantiomers
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Axial Chiralit
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Bioengineering

Access to optically pure compounds

1. Isolation from natural sources
2. Fermentation (de novo synthesis)

3. Resolution of racemates

« Separation of Diastereoisomers (crystallization)
« Chromatography using chiral stationary phases
* Biocatalysis

4. Asymmetric Synthesis

« Chemo-Catalysis
- Biocatalysis



Definitions

t” _t!
Resolution, Rg R, =2- WS”+ V;/' =1.177
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Rs > 1.5 results usually in base line separation

Enantiomeric excess, ee ee[%]= %%:LEIMOO
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Efficiency of separation

(t, —t,) t, = “dead volume”
Retention factor, k k =
[ t, = retention time
L
Separation factor, a a = k_
k a=2.00 a=1.10 a=1.01
0.1 1936 193 600 1 936 000
1 64 6 400 640 000
10 19.4 1 936 193 600
- A(AG) (kcal/mol) 410 56 6




Databases

Chemical abstracts — SciFinder
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SciFinder Scholar: a powertful 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”

Select One:

Chemical Substance or Reaction
Find a substance or reaction and retrieve corresponding literature.

Research Topic
Find literature relevant to a topic of interest.

Author Name
Find literature written by a specific author.

Document ldentifier
Find literature by document ids such as CA abstract number or patent number.

Company Name / Organization
Find literature from a specific organization.

Browse Table of Contents

Scan table of contents of my favorite journals.




In Your rch Term

Explore by Research Topic

Describe your topic using a phrase.

| am interested in:

Chiral separation and enantiomer resolution

Examples:
The effect of antibiotic residues on dairy products
Photocyanation of aromatic compounds
Hydrocarbon-water emulsions as fuels

ok Back |




Topic Candidates

SciFinder Scholar presents candidates of interest based on the

research topic input. Over 15,015 answers are retrieved.
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[~ WWang, ®ing; Liu, Ma; Cao, Hui, Zhao, ®iaogang; Zhang, WYWanjin. Chiral separation of racemic BN-DIF trimer.
Freprints (American Chemical Society, Division of Polymer Chemistry) (2003, 44(2), 812, CODEN: ACPPAY
[S5M:0032-3934 . AN 2003:658260 CAFPLUS

Yang, Guo-Sheng; Yazguez, Piedad Parrilla; Frenich, Antonia Garrido; Vidal, Jose L. Martinez, Aboul-Enein, Hassan Y.
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phase mode. Analytical Sciences (2003), 19(3), 1157-1161. CODEN: AMSCEN IS3M:0910-6340. AN 2003657671
CAPLUS
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Remir 5. Nitrogen chirality via the sterical veto of N inversion. Mendeleey Communications (2003), (3), 136-1359.
CODEM: MEMCEY ISSM:0959-9436. AN 2003:655712 CAPLUS
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Yinograday, Maxim G.; Kurilov, Dmitry %.; Cheltsova, Galina ., Ferapontov, Yladimir A.; Heise, Glenn L. Efficient
resolution of (x)-c-cyclopropylethanol by crystallization of its inclusion complex with chiral diols. Mendeleey
Communications (2003), (3), 124. CODEN: MENCEX 15SMN:0959-9436. AM 2003:655704 CAPLUS

Kostyanoveky, Remir G.; Kaostyanovsky, Wasili B.; Kadaorkina, Gul'nara K., Lyssenko, Konstantin A, Asymmetric
three-coordinated nitrogen compounds: Spontaneous resolution and absolute asymmetric synthesis. Mendeleey
Communications (2003), (3, 111-113. CODEN: MENCEX ISSMN:0959-8436. AN 2003:655698 CAPLUS

Bredikhin, Alexander A, Bredikhina, Zemfira A, Lazarey, Sergey M., Sawvel'ev, Dmitry %, Systematic search for
conglomerates among glycerol aromatic monoethers: Guaifenesin and mephenesin are the cases. Mendeleey
Communications (2003), (3), 104-105. CODEN: MEMCERX ISSMN:0958-943536. AM 2003:655696 CAPLUS

Lukin, Qleg; Mueller, Walter M., hueller, Ute; Kaufmann, Astrid; Schmidt, Claus; Leszczynski, erzy; “Woegtle, Fritz.
Covalent chemistry and conformational dynamics of topologically chiral amide-based molecular knots.
Chemistry--A European Journal (2003), 9015), 3507-3517. CODEMN: CEUIED |SSM:0947-6539. AN 2003651618
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SciFinder Scholar Analyze Tool

Sort and visualize your search results

Analyze or Refine

Analyze
' Get histograms of the year, corporate sources, authors, etc.

:} Refine
+F Go to refine options without analyzing the answer set.

Cancel




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
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File Edit Task Tools Help
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CAS Registry Number Analysis

*There are more than 119,659 different substances indexed
*The most frequently indexed compound 1s B-cyclodextrin

7' CAS Registry Mumber Analysis _|5’|5|
File Edit Task Tools Help

Select Histogram Entries of interest:
™ References not cantaining e 2736 il
Click to see i ign for this analysis
structure < ™ 7585399 ] 1067
I 528
™ 150-30-1 ] 416
™ o001-62-1 ] 412
I 72184 ] 410
I 673063 ] 405
I 73203 . 391
I 525666 . 350
™ 86417 . 389
I B1-80-5 . 386
I 516063 . 343
I 640686 [ 337
I 54124 [ 330
™ 147853 . 323
I 208392 . 315
I 328-36-1 . 313~
HEl REfErEnEES: Back |
Histogram Entries 1-17 of 119659




Detail for Registry Numbe : 7585-39-9




Company/Organization Analysis

*There are over 7,000 companies and organizations represented.
*Top organizations can be cross correlated with the top authors.

7 Company,/0Organization Analysis - |E' ﬂ
File Edit Task Tools Help

Select Histogram Entries of interest:

[ References not containing 2590 g
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[ Louisiana State University, USA | R 46
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Journal Name Analysis

* There are 1619 Journal titles listed

151 x]

File Edit Task Tools Help

Select Hiztogram Entries of interest:

U, Chromatogr., A 543 g

[ Chramatogr. 818

| Chirality e 596

" Electrophoresis -] 542

' Tetrahedran: Asymmetry - ] 405

| JOURNAL OF -] 326
CHROMATOGRAPHY. A

" Chromatographia - ] 309

| J. Org. Chem, - | 301

| PCT Int. Appl. - ] 273

" Anal. Chem - ] 246

[ J. Am. Chem. Soc. s 231

[ Tetrahedron Lett. ] 224

[ JOURNAL OF ] 214
CHROMATOGRAPHY

[ Jpn. Kokai Tokkyo Koho I 202

[ J. Pharm. Biomed. Anal. s 174

L, High Resolut. Chromatogr. ] 152 -
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Databases - cont.

Chemical abstracts — SciFinder

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

Bioengineering



Chirbase

A powerful Information System for Chiral Separations
of Enantiomers by Chromatography

CHIRBASE is a molecular database which contains :

« 98,000 chiral separations

o 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

e

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

c

i5) Academia on request and project

o

L)
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Columns for Chiral Separation

/3 Chirbase : W3 DataBase - Microsoft Internet Explorer - 7] %]
Datei  Bearbeiten  Ansicht  Favoriten  Extras 7 ﬁ
2 Zuriick + = - @ ot | aﬁuchen (3] Favoriten @Medien @ | %v =h -
fdresse ijhttp:,l',l'n:hirl:uase.u—3mrs.Fr,l'l:hirl:uase,l'datal:uase.hl:rnl j f?'-.-'-.-'echseln zu | Links **
Go glt'-_‘v j e web-Suche @3 Site-Suche | ﬂSeiten-InFD = [E]Aufwarts = 0 Hervorhisten

ft Chirbase Wi Diatabase
W3 DataBage Chirbase Project

Commercially Available Chiral Stationary Phases

This database is the first stage of chirbase project © Internet / Intranet.
You can try the Search Engine, but the administration part is reserved to the
Chirbase team.

| SearchEngine ||l Administration |

Powered By

http://chirbase.u-3mrs.fr/chirbase/database.html
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a http:/ /chirbase.u-3mrs.fr/chirbase /examples,/img/capturel.qgif - Microsoft Internet Explorer - |E |E|

CHIRBASE Summary  Sample: handelic acid
Chiral Stationary Phases
0
r 1a e trade name
o 1 beta-C yolodesdrin Cyciobond |
o ? BetaC vo odestrin Cycloband |
3 Beta-cydodextin Cryodobond|
ot
T Conditions  Liref 2 of 3
flow rate | temp mohbile _phase
Comment: = . . =1 —
1(1.00e+000 [ 21.0 | 4:96 MeDH / Triethylammoniom acetate, pH 7.1
E 1.00e+000 | 25.0 | 6040 CH3ICKN f Phosphate buffer ¢ pH 4.3, 0,10 )
J(1.00e+000 | 22.0 a0 CH3IoOH M H2O
Separation data

RXN ist | 2nd k't k2 | k1/k'2| Res | Rt1 | Rt2
g 1 [ | @ 704 | 218 | 107 | 140
2 1.00
3| (@ 067 | 067 | 1.00
501 1o | W 083 | 083 | 1.00
7 1.10 460 |480
923 1 |8+ | R- 147 | 191
. ) M [ Q0T EAR 178 1730
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Databases - cont.

Several suppliers provide information about
separations carried out using their equipment

e. g. Advanced Separation Technologies
http://www.astecusa.com/applications/index mod.asp

Bioengineering
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Books

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

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

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

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

W. A. Konig, "Gas Chromatographic Enantiomer Separations with
Modified Cyclodextrins”, Huthig Buch Verlag, 1992.

In press

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



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

Bioengineering



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.

Bioengineering



Separation methods

* Thin layer chromatography, TLC

* Gas chromatography, GC

* High pressure liquid chromatography, HPLC
* Supercritical fluid chromatography, SFC

« Capillary electrophoresis, CE

Bioengineering



Efficiency of separation

1 resolvable using MPLC
resolvable using TLC
QL resolvable using HPLC
/ ST resolvable using GC, CZE
P \

Figure 6.1  Resolution with various chromatographic techniques. Reproduced
from S. Ahuja, W. Pirkle, and C. Welch, Chiral Separations by Chromatography,

American Chemical Society Short Course, 1994. Copyright 1994 American Chemical
Society.

Bioengineering

S. Ahuja, “Chiral Separations by chromatography”, Oxford University Press, 2000
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The first enantio-separation

Mechanical Separation of the Enantiomers of tartaric acid
Pasteur, L. (1848), Comptes Rendus, Acad. Sci. (Paris), 26, 535-538

OH

COONa
NH,00C

OH



Enantioselective Interactions

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

: ‘ —_
o1 J
:':::;’ B’
B8 g
| R,
Enantiomers
CSP

Figure 7.1 A cartoon of three-point interaction.

Bioengineering

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



Enantioselective Interactions

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

Figure 7.2 A chiral recognition model.

Bioengineering

S. Ahuja, “Chiral Separations by chromatography”, Oxford University Press, 2000
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Where to start

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

2. Of course: Literature and Database search

3. Equipment available, Costs for new equipment

4. Method selection (personal opinion)

Method Con Pro
TLC qualitative fast
semi-quantitative for method develop.
GC Only for volatile compounds Long columns possible
Sometimes derivatization required
HPLC Often applicable

without derivatization




Bioengineering

GC vs HPLC

GC HPLC

Column Very high Moderate
efficiency
Separation 1.05 -2 Up to 30
factors, a
Temperature Important for Little known
influence medium to high

A(AH)




Bioengineering

Temperature influence

HPLC
k'y:4.06 a:1.80 f \ Rs:3.7
- G
k1:3.03 a:1.66 Rs:35
35..0}.-
\ ‘ k7:2.38 «:1.54 Rs:2.9
45 . -}
55 ky:1.85 a:1.45 Rs:25
ky:1.38 a:1.34 RAs:1.9
B enuiss —A
Tc y v - - r -
0 2 4 6 8 10 min

Figure 7.7 Temperature influence on k" a and resolution of an amido compound.
Reproduced with permission from F. Gasparrini, D. Misiti, and G. Villani, in Recent

Advances in Chiral Separations, D. Stevenson and I. D. Wilson, Eds., Plenum, New York,
1990. Copyright 1990 Plenum Publishers.

In general: * aincreased with decreasing temperature
 1-2% per °C



Choice of the stationary phase

Table 8.1 Classification of Chiral Stationary Phases (CSP)

Type Description Examples Usual Mode
1 Brush-type DNB-glycine, DNB- Normal phase
(donor acceptors leucine, (polar modifier)

naphthylalanine

2  Cellulose triesters or Chiralcel OA, OB, OF, Normal phase

carbamates on silica OJ, etc. (polar modifier)
3  Inclusion CSPs, e. g. Cyclobond 1-3, Reversed phase,
cyclodextrins, crown Chiralcel CR, e. g. aqueous
ethers, polyacrylates, Chiralpak OP, OT, MeCN or MeOH
polyacrylamides Merck grafted
4  Ligand exchangers Proline, OH-proline Reversed phase

(aqueous buffer)

Proteins Albumin, glycoprotein Reversed phase
(aqueous buffer)

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



Choice of the stationary phase

NORMAL PHASE REVERSED PHASE
DERIVATIZATION ANALYTE LIGATES
NECESSARY ? TO Cu(ll) ?
@ ® @ ®
T-Acid/Base close to Strong Cation/Anion
C*? near C* ?
>
Type 1 Type 2 Typed4  Typed Type 3 inclusion
brush cellulose ligand protein Hydrophc|>bic group

fits Cyclodextrin ?
i |

Figure 8.1 Selection proceedure for a CSP Cyclodextrin Other incl. CSP

Bioengineering

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



Comparative Separations

o
O N O

H/
@)

Hexobarbital

s t\\\k L —il
? | ]
0

5 0 10 20 0 510 0 20
t [min] — t [min] — t [min] — t [min] —
GC SFC HPLC CE

Results: a for CE =HPLC > SFC > GC
Rs for CE > HPLC > GC > SFC
N (first peak) for CE > HPLC = GC > SFC
CE slowest method

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