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Chirality

“Existence of non-superimposable @ of an

asymmetric molecule that are mirror ima

ges of each

other”
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Chirality

Drug molecules are often chiral and will exhibit
different activities in the human body
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Chirality

Drug molecules are often chiral and will exhibit
different activities in the human body
— Enantiomer 1: cthesapeutic effect ~
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Chirality

Drug molecules are often chiral and will exhibit
different activities in the human body
— Enantiomer 1: cthesapeutic effect —~ oy
— Enantiomer 2: no effect, reduced effect
another effect, side effect
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Chirality

Single-enantiomer drugs preferred

Methods to separate and quantify enantiomers are
needed for registration of a drug-melecule

In early drug development:
— Racemates (mixture @f enantiomers) synthesized

™ A :
— Fast screening of potential chlral"'"elrug molecules IS
performed - reduces method development time

Generic screenlng and optimization

k strategies can be useful



Chirality

Separation techniques for chiral compounds

- NPLC : Normal-Phase Liquid Chromatography

- RPLC : Reversed-Phase Liquid Chromatography
- POSC : Polar Organic Solvent Chromatography
- SFC : Supercritical Fluid Chromatography

- GC : Gas Chromatography

- CE : Capillary Electrophoresis

- CEC : Capillary Electro Chromatography???

Strategies + Chiral knowledge-based system



Capillary Electrochromatography

Hybrid technique: combines HPLC & CE
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Is it possible to define generic screening and
optimization strategies by means of CEC?

— Applicable on large sets of structurally diverse
molecules

— ldea of enantioselectivity in a relatively few
number of experiments

— Achieve baseline separations (Rs = 1,5) for most
components



Methodology

Used CSP: . Q
— Cellulose derivatives 'I'HD . _‘{

‘ SILICP.-G'EL
Chiralcel® OD-RH

Chiralcel® OJ-RH Chiralpak AD-RH
— Amylose derivatives
Chiralpak® AD-RH
Chiralpak® AS-RH —\(
. SILIEP.-GEL
— Commercial HPLC phases
used — 5 um Chiralcel OD-RH



Methodology

e Definition of strategies based on:
— Literature + preliminary results

— Experimental design: effects [ACN], pH, applied voltage,
[buffer], temperature

1

Set of limited number (3-5) of components

e Evaluation of the strategies on their applicability by
means of large test sets



Methodology

e Neutral chiral selectors
— Substances must be uncharged
—Two separate strategies, combined into

one
—

Acidic Basic

molecules Bifunctional

Neutral



Chiral Separation Strategy

SCREENING
EXPERIMENT
Rs=0 O<Rs<15 Rs>15
EXPERIMENT l fes 18 Opt!mi_ze
Optimization 1 » | analysistime~?
- l % YES J NO
Changeto « —
another 0<Rs<15 Optimization2 | «— | END
technique




Chiral Separation Strategy

General structure

Acidic | < Compound | — | Basic, Bifunctional, Neutral
‘ Screenin Screening
Column testing order:|OJRH + AD-RH $AS-RH H OD-RH Column testing orderjj AD-RH + OD-RH pOJ-RH #AS-RH
Mobile phase: 45 mM ammoniumformate pH 2.9/ACN (35/65) Mobile phase: 5 mM phosphate pH 11.5/ACN (30/70)
Applied voltage: 15 kV Applied voltage: 15 kV
Temperature: 25°C Temperature: 25°C

| ! |

Rs=0 O0<Rs<15 Rs>15
l 0<Rs<15 l Rs>15 l
Try 50 % ACN Optimization 1 Optimizel
Acids: 10 kV, others 15 kV analysistime?
l Rs=0 0<Rs<15 YES l NO
Rs=0 .
Use another Optimization 2 |[¢——

Test next stationary phase [ > technique ¢ END




Acidic compounds

Optimization 1 (O <Rs < 1,5)

O0<Rs<15

!

Optimization 1

22 full factorial design
Factors: Fraction ACN -5% -15%

Temperature 20°C 15°C
Responses: Rsand AT

)

Select best experiment
(e.g. Pareto + Derringer)

Optimization AT ?

!

0<Rs<15 ‘ ‘ Rs>1,5
AT>40min? | < ! : >
NO Reduce applied Rs>15
» | voltage
YES
O0<Rs<15

Change to another
technique

NO

END

YES

Optimization 2




Acidic compounds

Optimization 1 (O <Rs < 1,5)

Fenoprofen

Time (min)




Non-acidic compounds

Optimization 1 (O <Rs < 1,5)

O0<Rs<15

|

Optimization 1

22 full factorial design

Factors: Fraction ACN -5% -15%
Voltage 10kVv 5kV

Responses: Rsand AT

Select best experiment
Rs>15
O0<Rs<15 l > Optimization AT?
Lower T to 15°C
YES NO
0<Rs<15
Optimization2 | €*—— Y
Change to another =

technique




Non-acidic compounds

Optimization 1 (O <Rs < 1,5)

Toliprolol
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Acidic & Non-acidic compounds

Optimization 2 (Rs = 1,5)

Rs>15

l

Optimization 2

Optimization analysistime

22 full factorial design

Factors: Voltage 20kV  25kV
Temperature 30°C 35°C

Responses : Rsand AT

Is the best result satisfying ?

YES NO

v

END

< Increase OM content




Acidic compounds

Optimization 2 (Rs = 1,5)

Coumachlor
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Non-acidic compounds

Optimization 2 (Rs = 1,5)

Meberevine
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Evaluation of strategies

Acidic
— Screening

baseline separated

»6/15 partially separated
»4/15 not separated

— After optimization steps

baseline separated

»1/15 partially separated
»4/15 not separated



Evaluation strategies

Non - acidic
— Screening

»16/48 baseline separated
»15/48 partially separated

> not separated

— After optimization steps
»21/48 Dbaseline separated
»20/48 partially separated

not separated



Conclusions

e CEC has potential for chiral separations

e Generic separation strategies can be defined using
polysaccharide CSP

e Good results can be obtained with the proposed

strategy

v Over 80 % of test compounds showed enantioselectivity
after execution

v More than 65 % of the substances were partially/baseline
separated at screening conditions

X Only 49 % resulted in a Rs = 1.50 (optimization)



Conclusions

e Several drawbacks CEC
— No robust columns
— Frits in the columns cause fragility
— Lack of CEC instruments
— No loop injection
— Between-column variability

e Researchers still continue to work with CEC and on
these drawbacks

< Future CEC not secure, not gone either



Future perspectives

e Monolithic stationary phases: absence of frits
— Silica based
— Polymer based

e Sub-micronsized particle stationary phases
— High efficiencies

e Instrument for CEC allows:
— CE/CEC/p-CEC/CLC
— Loop injection, high pressurization
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