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Development Cycle of Chiral Drugs

About 70% of all new drugs under development
are chiral |

Discovery =———— 3 Marketing

Full
Development

Early

Production
Development

Research

« Synthesis « Chemistry  Formulation  Quality control
* Biological activity ¢ Pharmacology - Clinical trials
» Toxicology
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Requirements for Development of Chiral Drugs

What do we need today !

« Rapid analysis of optical purity
* Rapid access to 5 mg -1 g of single stereoisomers for biological testing
« Rapid access to 2-50 g for lead optimization

« Rapid access to 100 g to 1 kg for lead optimization and toxicological
studies

« Economically viable options to classical approaches of preparation of
pure stereoisomers (including validated analytical methods)

« Competitive production tools for manufacturing of pure stereoisomers

: |

Chromatography can do it!
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Enantioselective Chromatographic Techniques

« Gas chromatography

* High Performance Liquid chromatography

« Supercritical fluid chromatography

e Electrophoresis

* Micellar electrokinetic chromatography

» Capillary electrochromatography

« Simulated moving bed chromatography
 Centrifugal partition chromatography (CCC, CPC)
« Membrane technology
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Most Used CSPs in HPLC and SFC
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Cellulose- and Amylose-based CSPs

Can resolved ~ 90 % of all racemic compounds but show some limitations for
preparative applications due to the high solubility of the chiral polymer selector in
many organic solvents used for chromatographic applications

- =

* limited possibility of improving the selectivity by varying the mobile phase
* limited (poor) solubility of the racemate (essential for preparative separations)
* limited possibility of adjusting the capacity factors k’
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Immobilization Concept
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Coating with
polysaccharide
derivative
(Okamoto’s process)

polysaccharide

l Immobilization of
derivative

P
<

Washing step
(swelling and

re-crystallization) Immobilized
polysaccharide-
E. Francotte, T. Zhang, Patents: WO 9704011 (21.07.95); E. Francotte, WO 9749733 (27.06.96) based CSP

E. Francotte; J. Chromatogr. A, 906 (2001), 379
E. Francotte, D. Huynh; J. Pharm. & Biomed. Analysis, 27 (2002), 421
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Immob. Halogenophenylcarbamates of Cellulose

Soluble in most Insoluble in all
organic solvents organic solvents

E. Francotte, T. Zhang, Patents: WO 9704011 (21.07.95); E. Francotte, WO 9749733 (27.06.96)
E. Francotte; J. Chromatogr. A, 906 (2001), 379
E. Francotte, D. Huynh; J. Pharm. & Biomed. Analysis, 27 (2002), 421
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Immobilization Process

UV Lamp (high-pressure mercury)

_ Cooling jacket
Suspension of

coated chiral phase
in an inert solvent pEEEEs 7 7

Magnetic
stirrer

Radical source: high-pressure mercury

Suspension solvent: Acetonitrile
Methanol/water

Temperature: RT

Suspension
of coated chiral phase
In a non-solvating liquid

Magnetic
stirrer

Radical source: t-BPO %o—o%

Suspension solvent: Nonane
1,2-Dichlorobenzene
Temperature: 130° C
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Immobilized Polysaccharide-CSPs

Chiral Stationary Phase Immobilization process

Cellulose 3,5-dimethylphenyl carbamate (OD) Peroxide in 1,2 dichlorobenzene
Amylose 3,5-dimethylphenyl carbamate (AD) Peroxide in nonane, 130° C

Cellulose 4-methylphenyl carbamate (OG) Peroxide in nonane, 130° C
Cellulose 4-methylbenzoate (OJ) Peroxide in nonane, 130° C
Cellulose 3-Cl, 4-methylphenyl carbamate UV in MeOH/water

Cellulose 4-chlorophenyl carbamate (OF) UV in MeOH/water

Cellulose 3-methylbenzoate UV in MeOH/water

Cellulose 3,5-dichlorophenyl carbamate UV in acetonitrile

Amylose (S)-phenylethyl carbamate (AS) UV (+ thioxanthone) in MeOH/water
Cellulose phenylcarbamate (OC) UV (+ thioxanthone) in MeOH/water

Patents: WO 9704011 (21.07.95); WO 9749733 (27.06.96)
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Enhanced Enantioselectivity
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Immob. Halogenophenylcarbamates of Cellulose

R R
O R O
\O O ‘Q O/ Cross-linking
R OR 0-R
R O’R o~ H
\ O Cl N
/ ’ O \
O R .
R R Cl

Coated on silica gel

E. Francotte, D. Huynh; J. Pharm. & Biomed. Analysis, 27 (2002), 421.
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Supercritical fluid chromatography

Thar Prep SFC-200 - @ .

Max flow rate CO,;: il lo ,-.,-ﬁ-f-f-ﬁr;f'_s}%_ar;__ﬂ !1___@ |
200 g/min p- ot g i

@ @i 3
Thar Analytical/Semi- ( 2
Prep SFC

Mass spectrometry
coupling with Waters
Platform

Mettler-Toledo/Berger
Analytical SFC
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ANALYTICAL
EXAMPLES

(all columns, 250 mm x 4.6 mm)
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Analytical SFC on immobilized 3,5-dimethylphenyl-
carbamate of cellulose

10004Immob. 3,5-dimethylphenylcarbamate of cellulose, 5 pm
3ml/min, 90% CO2, 10% IPA
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250 4Immob. 3,5-dimethylphenylcarbamate of cellulose, 5 um
13 ml/min, 90% CO2, 10% IPA
2-(2,4-Dichlorophenoxy)-1-pyridin-3-yl-butan-1-one
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Analytical SFC on immobilized 3,5-dimethylphenyl-
carbamate of amylose

{Immob. 3,5-dimethylphenylcarbamate of amylose, 7 um
8o 43 ml/min, 90% CO2, 10% IPA
Troeger's Base
la=1.35,R=2.22 N
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Immob. 3,5-dimethylphenylcarbamate of cellulose, 5 um
1000493 mi/min, 90% CO2, 10% IPA
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Analytical SFC on immobilized 3-trifluoromethyl,4-
chlorophenylcarbamate of cellulose

1 Immob. 3-trifluoromethyl-4-chlorophenylcarbamate
120 of cellulose, 7 pm
L 3.6 ml/min, 70% CO2,30% CHCI3/EtOH 9:1
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Analytical SFC on immobilized 3,5-dichlorophenyl-
carbamate of cellulose

220'_ Immob. 3,4-dichlorophenylcarbamate of cellulose, 7 pum
20043 ml/min, 70% CO2,30% DMME/MeOH/EtOH 5:1:1,
10.2% TFA
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1804 Immob. 3,5-dichlorophenylcarbamate of cellulose, 7 um
E 3.5 ml/min, 70% C0O2, 30% CHCI3
160 1,1'-Binaphthol
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Analytical SFC on Commercial Chiralpak IA, 1B

160 — Chiralpak IA, 5 um
4 3ml/min, 90% C0O2, 10% CHCI3
140 H Flavanone
120 ) a=1.50,R =5.24
j 0
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PREPARATIVE
APPLICATIONS
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Prep. Enantioseparation of Aromatase Inhibitor

Low solubility in classical mobile phase, high solubility in chlorinated solvents:

n-heptane/IPA 90:10 = 3mg/ml CH,CI, = >40 mg/ml
TBME = 17 mg/ml CHCI;/MeOH 9:1 = >40 mg/ml
THF = >40 mg/ml

SFC separation on immobilized halogenophenylcarbamates of cellulose

700
JImmob. 3,5-dichlorophenylcarbamate of cellulose, 7 um
600 4 2.5 ml/min, 70% CO2, 30% CH2CL2/EtOH 9:1
NH, 1-(4-Amino-phenyl)-3-propyl-3-
1 aza-bicyclo[3.1.0]hexane-2,4-dione
500 + | a=239, R=7.31
5 400-
O N (@) <EE ]
\) 300
1-(4-Amino-phenyl)-3-propyl- 2007
3-aza-bicyclo[3.1.0]hexane-2,4-dione 100 ]
0 L/;J
1 v T T T T T
0 5 10 15 20
E. Francotte, D. Huynh; J. Pharm. & Biomed. Analysis, 27 (2002), 421. t [min]
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absorbance

Prep. Enantioseparation of Aromatase Inhibitor

Prep. SFC on proprietary immobilized CSP (OCl), 21.2 x 250 mm (7 um)
High feed concentration in modifier solvents (CH,CI,/EtOH 8:2) = 70 mg/ml
Column load: 140 mg, 590 mg of compound resolved by SFC

Flow: 50 g/min, 70% CO,, 30% modifier; 150 bar, 40°C

Productivity: 0.477 kg/kg CSP/24 h

4_- ﬂ

6.5 min cycle time
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Research Project: Piperidine-Derivative

Screening of classical CSPs (AD, OD, OJ, AS) => no separation

Screening of six different polysaccharide-based immobilized phases

=> separation on immobilized 4-methylphenylcarbamate (corresponds to OG)
and 3,5-dichlorophenylcarbamate of cellulose (OCI)

Separation on OCI selected for further optimization on SFC

100
Immob. 3,5-dichlorophenylcarbamate of cellulose, 7 um
12.5 ml/min, 85% CO2, 15% DMME/IPA 100:7
804 «=1.80,R=2.44
NR, ”
R R '
60 -
D
< .
R N R E
| 40
R
20 -
O L-\'J -
T T T T T T T T T
0 2 4 6 8 10
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absorbance

Prep. Separation of Piperidine-Derivative

Prep. SFC on proprietary immobilized CSP (OCI)
Compound very well soluble in modifier (DMME/IPA 100:7)

Column load studied on 21.2 x 250 mm column (7 uym particles)
Stacked injections for separation of 350 mg racemate
Flow: 50 g/min, 90% CO,, 10% modifier; 150 bar, 40°C

30 mg

60 mg

' I ' I
0 5 10
t [min]
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SFC Application on Immobilized 3,5-Dichloropheny!
Carbamate of Cellulose

Request for chiral separation 7.1 min
of 12 g rac. drug intermediate | |*™ Prep SFC cycle time
R2 | I

)Wm e
H,N \
N—=O
Column: Immob. 3,5- 200

dichlorophenyl carbamate
of cellulose, 7um, 2.1 x 25

cm 15001

Mobile phase: CO,/ethanol TR
85:15 + 0.15% ispropylamine

. . 1.000 w "‘J b ‘% L
Cycle time of 7.1 min

330 stacked injections
(a 35 mg racemate) 0500
in 39 hours overnight

(automated CO, supply!)

0.000 1 ¥ ¥ ¥_F V¥ ¥ ¥V F ¥ ¥ ¥ ¥ F ¥__r ¥ ¥ ¥ ¥ ¥ ¥ L ¥ ¥ ¥ ¥

B0.0 8.0 1000 1200 1400 1600 1800 2000 200 2400 200 2800 o
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SFC Application on Immobilized 3,5-Dichloropheny!
Carbamate of Cellulose

Drug intermediate h o IS Time Height D Aje:ﬂzf\%i%
R2
)\(\/m
H,N \
N—O
Recovery:

................
ssssssssssssssssss

99999
o

90% (each enantiomer)

Optical purity:

Peak 1: 5.55 g, ee > 98.4%
Peak 2: 5.23 g, ee > 95.4%
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SFC Application on Immobilized 3,5-Dichloropheny!
Carbamate of Cellulose

| R cellulose R
i i : Separation of . OO R o
\@[/ Regioisomers 0735 OWO
R2 Rz (~2/1) R 0 0
_ R H R
Analoy Ghanns! 1 cl N
007 —— R = \Q ?)I/
Mobile phase: CO2/2-propanol/2-propylamine Cl CSP
"*7775/25/0.25
Purity
1> 99.9%
z Purity
]! | 96.6%
o
’ Elapsed Time(min) ' AN
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SFC Applications on Immobilized 3,5-Dimethylpheny!
Carbamate of Amylose

Analytical run R amylose

o R
N\ O R\ O /
O O 0]
@) O ')
R 0 0
R H R
Column: Chiralpak IA (1 x 25 cm) H,C N
Mobile phase: R= \Q \g/ CSP
CO,/2-propanol/2-propylamine
| ' | 75/25/0.25 CH,
e = Cycle time: 4.9 min
i B R R RRRRN ]
Prep TEEL O Purity
i 5 N 0o : 7.6%
T\ [ j o5
|
g e | e e b
CoX ) i) ‘ | - i
R2 s i R ARIERARA
_ u !| || | | | |] | || | Purity ﬂ]
Separation of ] | | ‘h | |n ‘\ 1 ee 99.4% h
enantiomers DLy Iy o B : |
] [ ' 5
(final drug) e N ¥~J U 7l VAW U é |
: " Fl;.,un-u:um ........ ) — s ./r \\
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SFC Applications on Immobilized 3,5-Dimethylpheny!
Carbamate of Amylose

I X R amylose R
» o R b,
o ) @)
o 0 o

R2 H,C N\n/
Column: Chiralpak IA (1 x 25 cm) R= \Q 0 CSP

Mobile phase: CH
CO,/ethanol/2-propylamine 70/30/0.06 ’

[RT:Ret Time | ‘ s R .
4 Purity

ERIRE | ee 98.8%

el 1

-
Hnalog Gl
N
-
e |
-
T 4o
5
=
£
g
1 ee99.4%
2 — “
1 -0 :
N NN NN TN NN
0 -of i | | i | h | k
o 4 [
125 130 135 140 145 150 155 160
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