ChemFiles

Supplement II, 2007

ChiroSolv® Resolving Kits

Sigma-Aldrich and Chirosolve, Inc.
are partnering to bring facile and
rapid chiral resolution to you.
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¢ Ready-to-use kits—
only your racemate
is required

e Accurate and
consistent results

® |ncreased likelihood of
project success

* Tremendous time and
money savings
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Facile and Rapid Chiral Resolution with ChiroSolv Kits

Sigma-AIdrich is pleased to partner with ChiroSolve, Inc. to
offer, through an exclusive distribution agreement, a series
of ready-to-use kits for chiral resolution of racemates. These
kits allow scientists to quickly screen resolving agents and
solvents against a racemate to find the optimum combination,
as well as to optimize reaction conditions in order to separate
a racemic mixture into its constituent enantiomers. They can
be used for racemic acids, bases, alcohols, amino acids,
aldehydes, and ketones.

There are three Acid Series kits and three Base Series kits,
available individually or as the complete acid or base set. Each
individual kit is in a ready-to-use, 96-vial, high-throughput
format that allows the entire analysis to be performed inside
the kit without removing any vials. The kit is made of
polypropylene material that can withstand extreme
temperatures (—20 to 120 °C), allowing the entire kit to be
placed in an oven or ice bath without damage.

Each vial has calibrated quantities of a unique resolving agent
and solvent combination. Resolving agents are chosen with
manufacturing use in mind; they are relatively inexpensive
and recoverable in high yield after the resolution is complete.
Using all three kits in an acid or base series, 288 resolving
agent-solvent combinations can be explored for a single
racemate. The high-throughput format allows scientists to
identify within one day the optimum resolution process which
might otherwise take over 2 months.

No. of Days Required

ACID BASE

Series 1 Series 1
Series 2 Series 2
Series 3 Series 3

L 576 total combinations S

16 32 48 96 144 192 240 288
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Types of Kits

Acid

Acid Series 1, 2, and 3 include a distinct group of chirally pure
acids and are used to resolve racemic bases and amino acids
(some pre-processing is required for amino acids). Examples of
resolving agents in the acid kits are:

¢ (-)-Camphoric acid
¢ (+)- and (-)-Camphorsulphonic acid
(+)- and (-)-Dibenzoyltartaric acid
(-)-Malic acid
(
(
(

+)- and (-)-Mandelic acid

)
+)-Lactic acid
+)- and (-)-Tartaric acid

Base

Base Series 1, 2, and 3 include a distinct group of chirally pure
bases or amines and are used to resolve racemic acids, alcohols,
aldehydes, and ketones (some pre-processing is required for the
latter three). Examples of resolving agents in the base kits are:

-2-Aminobutanol

-Brucine

-Cinchonidine

-Cinchonine
-Dehydroabietylamine

- and (-)-Methylbenzylamine
-Quinidine

-Quinine
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Case Studies with ChiroSolv Kits

ChiroSolv Kits have been used by several pharmaceutical, fine
chemical, and contract R&D companies to reduce their
product development time and increase speed to market. Two
examples of the application of this technology for
determining the ideal solvent/resolving agent combination for
the resolution of key compounds are shown.

In the first case, a key advanced intermediate in the synthesis
of (5)-(-)-cetirizine, a non-sedative histamine H-1 receptor
antagonist used for the treatment of allergies, was screened
against the kits in the Acid Series. The combination of
L-(+)-tartaric acid in methanol was determined to provide the
maximum optical purity after its chiral resolution.

In the second example, (-)-ephedrine in isobutanol was
determined to be the ideal combination for resolving
indoline-2-carboxylic acid to yield the (S)-(-)-enantiomer,
which is an intermediate for ACE inhibitors such as
trandolapril and perindopril. For this compound, the racemic
mixture was screened against the three ChiroSolv Kits in the
Base Series.
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(S)-Indoline-2-carboxylic acid (-)-Ephedrine

Case Study 2




ChiroSolv Kits use the method of diastereomeric crystallization, a
process that chemically separates enantiomers in a racemic mixture
by complexation with an enantiopure acid or base, resulting in a
mixture of diastereomeric salts. These salts have different chemical
and physical properties, which allow their separation. This well-
established technology competes favorably with newer techniques
such as asymmetric synthesis, biocatalysis, enzyme resolution,
kinetic resolution, or chiral chromatography.

One major advantage of diastereomeric crystallization is that the
procedure scales up easily for manufacturing purposes. Today
around 65% of chiral products are made using this technique.
Examples:

e Paroxetine is a selective serotonin reuptake inhibitor
developed by Novo Nordisk’s subsidiary, Ferrosan, and
licensed to GlaxoSmithKline. It is sold as the hydrochloride
salt under the name Paxil® for the treatment of depression,

Unknown Racemate

Kits: A1, A2, A3 or B1, B2, B3

identification

Freeze mixture 4 °Cto 0 °C

Analyze selected vials
with crystals for
specific rotation

. Choose the right type of kit (Acid Series 1, 2, 3 or Base Series
1, 2, 3) depending on the identity of the racemate.

. If the racemate is an alcohol, amino acid, aldehyde or ketone,
you may need to pre-process the racemate (refer to
http://www.chirosolve.com/typesofkit.html for details).

. Add 0.03 mmol of your racemate to each of the 96 vials.
Depending on the availability of the dispensing autostation
and the racemate type (liquid or powder), you may need to
remove the vial caps. Note that the caps are pierceable to
accommodate direct injection of racemate by liquid dispensers.

. In an oven or water bath, heat the rack along with its vials to
80 °C (optimum temperature for most of these experiments)
or until the mixture becomes homogeneous.

Select vials with crystals
& note their alphanumeric
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anxiety, and obsessive—compulsive disorder. It is prepared by
resolution using (-)-di-p-toluoyl-L-tartaric acid.

Setraline is an antidepressant that inhibits the uptake of
serotonin in the central nervous system and is sold by Pfizer
under the name Zoloft®. Diastereomeric crystallization of the
racemate by (R)-mandelic acid is used in its preparation.

2-Amino-5-methoxytetralin is an intermediate in the synthesis
of N-0923 (Nagase & Co., Ltd., Japan), a potent dopamine
D, agonist, effective against Parkinson’s disease (currently in
clinical trial). This intermediate is resolved by diastereomeric
salt formation with (S)-mandelic acid. The undesired isomer is
then racemized and reused in an iterative process.

In the synthesis of AG-7404 (Pfizer), a key intermediate was
resolved by (-)-norephedrine. The final compound was
obtained by the combination of diastereomeric and
enzymatic resolution.

Heat mixture to 80-100 °C

m
Cool mixture to ambient temp.
Yes

. Allow the kit to cool to ambient temperature. If required,

further cool it to 4 °C or 0 °C to observe crystallization. Vials
with crystals are considered positive results and should be
examined further.

. Often, more vials with positive results can be obtained using

standard crystal initiation techniques. Vials with no crystals
even after this effort are considered negative results.

. Separate out the positive test results and note down their

alphanumeric identification.

. Liberate the enantiomers from their diastereomeric salts and

analyze by optical rotation. Typically, only one or two vials will
show maximum optical purity.
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Features

* Six types of ready-to-use disposable kits providing a e Easy to follow, step-by-step instructions and
total of 576 resolving agent-solvent combinations. results charts.

e Very little amount of racemate required (less than ¢ Conveniently designed for easy robotic manipulations.
3 mmol per kit). « Kits and vials have unique identification

¢ Concentrations of the resolving agents are calibrated (barcode or alphanumeric) for cross-referencing.
to give accurate results and optimal crystallization. e Long shelf life at room temperature (2 years).

e Pierceable rubber septa allow easy racemate dispensing;
vials held together by a plastic ring so that vials can be
picked up and inspected together for crystal formation.

Pierceable rubber
septa for easy
robotic manipulation.

/\Plastic sleeve holds

the vials together
even when they are
out of the rack.

Each vial contains a
unique combination of
resolving agent/solvent—
6 types of kits give 576

such combinations.

Each rack has a
unique barcode.

Extra septum mat
provided if your
racemate is a

solid powder.

Each vial has a unique
alphanumeric identification.

Rack, vials, and septa
are chemically inert
and can withstand

-20 °Cto 120 °C.

Product Information

Prod. No. Product Name/Description

681431 ChiroSolv Resolving Kit, Acid Series 1

681423 ChiroSolv Resolving Kit, Acid Series 2
681415 ChiroSolv Resolving Kit, Acid Series 3

688460 ChiroSolv Resolving Kit, Complete Acid Series
681407 ChiroSolv Resolving Kit, Base Series 1

681393 ChiroSolv Resolving Kit, Base Series 2
681377 ChiroSolv Resolving Kit, Base Series 3
688479 ChiroSolv Resolving Kit, Complete Base Series

For more information, please visit sigma-aldrich.com/chirosolv
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http://www.sigma-aldrich.com/ProductLookup.html?ProdNo=681431&Brand=ALDRICH
http://www.sigma-aldrich.com/ProductLookup.html?ProdNo=681423&Brand=ALDRICH
http://www.sigma-aldrich.com/ProductLookup.html?ProdNo=681415&Brand=ALDRICH
http://www.sigma-aldrich.com/ProductLookup.html?ProdNo=688460&Brand=ALDRICH
http://www.sigma-aldrich.com/ProductLookup.html?ProdNo=681407&Brand=ALDRICH
http://www.sigma-aldrich.com/ProductLookup.html?ProdNo=681393&Brand=ALDRICH
http://www.sigma-aldrich.com/ProductLookup.html?ProdNo=681377&Brand=ALDRICH
http://www.sigma-aldrich.com/ProductLookup.html?ProdNo=688479&Brand=ALDRICH
http://www.sigma-aldrich.com/chirosolv

Argentina

SIGMA-ALDRICH DE ARGENTINA S.A.
Free Tel: 0810 888 7446

Tel: (+54) 11 4556 1472

Fax: (+54) 11 4552 1698

Australia
SIGMA-ALDRICH PTY LTD.
Free Tel: 1800 800 097
Free Fax: 1800 800 096
Tel: (+61) 2 9841 0555
Fax: (+61) 2 9841 0500

Austria

SIGMA-ALDRICH HANDELS GmbH
Tel: (+43) 1 605 81 10

Fax: (+43) 1 605 81 20

Belgium
SIGMA-ALDRICH NV/SA.
Free Tel: 0800 14747
Free Fax: 0800 14745
Tel: (+32) 3 899 13 01
Fax: (+32) 389913 11

Brazil

SIGMA-ALDRICH BRASIL LTDA.
Free Tel: 0800 701 7425

Tel: (+55) 11 3732 3100

Fax: (+55) 11 5522 9895

Canada

SIGMA-ALDRICH CANADA LTD.
Free Tel: 1800 565 1400

Free Fax: 1800 265 3858

Tel: (+1) 905 829 9500

Fax: (+1) 905 829 9292

China

SIGMA-ALDRICH (SHANGHAI)
TRADING CO. LTD.

Free Tel: 800 819 3336

Tel: (+86) 21 6141 5566

Fax: (+86) 21 6141 5567

Czech Republic
SIGMA-ALDRICH spol. s . 0.
Tel: (+420) 246 003 200
Fax: (+420) 246 003 291

Denmark

SIGMA-ALDRICH DENMARK A/S
Tel: (+45) 4356 59 10

Fax: (+45) 43 56 59 05

Finland

SIGMA-ALDRICH FINLAND OY
Tel: (+358) 9 350 9250

Fax: (+358) 9 350 92555

France

SIGMA-ALDRICH CHIMIE S.a.r.l.
Free Tel: 0800 211 408

Free Fax: 0800 031 052

Tel: (+33) 474 82 28 00

Fax: (+33) 474 95 68 08

Germany

SIGMA-ALDRICH CHEMIE GmbH
Free Tel: 0800 51 55 000

Free Fax: 0800 64 90 000

Tel: (+49) 89 6513 0

Fax: (+49) 89 6513 1160

Greece

SIGMA-ALDRICH (0.M.) LTD.
Tel: (+30) 210 994 8010
Fax: (+30) 210 994 3831

Hungary

SIGMA-ALDRICH Kft

Ingyenes zdld telefon: 06 80 355 355
Ingyenes zold fax: 06 80 344 344
Tel: (+36) 1 235 9055

Fax: (+36) 1 235 9050

India

SIGMA-ALDRICH CHEMICALS
PRIVATE LIMITED

Telephone

Bangalore: (+91) 80 6621 9600
New Delhi: (+91) 11 4165 4255
Mumbai: (+91) 22 2570 2364
Hyderabad: (+91) 40 4015 5488
Fax

Bangalore: (+91) 80 6621 9650
New Delhi: (+91) 11 4165 4266
Mumbai: (+91) 22 2579 7589
Hyderabad: (+91) 40 4015 5466

Ireland

SIGMA-ALDRICH IRELAND LTD.
Free Tel: 1800 200 888

Free Fax: 1800 600 222

Tel: (+353) 1 404 1900

Fax: (+353) 1 404 1910

Israel

SIGMA-ALDRICH ISRAEL LTD.
Free Tel: 1 800 70 2222

Tel: (+972) 8 948 4100

Fax: (+972) 8 948 4200

Italy

SIGMA-ALDRICH S.r.l.
Numero Verde: 800 827018
Tel: (+39) 02 3341 7310
Fax: (+39) 02 3801 0737

Japan

SIGMA-ALDRICH JAPAN K.K.
Tel: (+81) 3 5796 7300

Fax: (+81) 3 5796 7315

Korea

SIGMA-ALDRICH KOREA
Free Tel: (+82) 80 023 7111
Free Fax: (+82) 80 023 8111
Tel: (+82) 31 329 9000

Fax: (+82) 31 329 9090

Malaysia

SIGMA-ALDRICH (M) SDN. BHD
Tel: (+60) 3 5635 3321

Fax: (+60) 3 5635 4116

Mexico

SIGMA-ALDRICH QUIMICA, S.A. de C.V.
Free Tel: 01 800 007 5300

Free Fax: 01 800 712 9920

Tel: 52 722 276 1600

Fax: 52 722 276 1601

The Netherlands
SIGMA-ALDRICH CHEMIE BV
Free Tel: 0800 022 9088

Free Fax: 0800 022 9089

Tel: (+31) 78 620 5411

Fax: (+31) 78 620 5421

New Zealand

SIGMA-ALDRICH NEW ZEALAND LTD.
Free Tel: 0800 936 666

Free Fax: 0800 937 777

Tel: (+61) 2 9841 0555

Fax: (+61) 2 9841 0500

Norway

SIGMA-ALDRICH NORWAY AS
Tel: (+47) 23 17 60 60

Fax: (+47) 23 17 60 50

Poland

SIGMA-ALDRICH Sp. z 0.0.
Tel: (+48) 61 829 01 00
Fax: (+48) 61 829 01 20

Portugal

SIGMA-ALDRICH QUIMICA, S.A.
Free Tel: 800 202 180

Free Fax: 800 202 178

Tel: (+351) 21 924 2555

Fax: (+351) 21 924 2610

Russia

SIGMA-ALDRICH RUS, LLC

Tel: +7 (495) 621 6037
+7 (495) 621 5828

Fax: +7 (495) 621 5923

Singapore
SIGMA-ALDRICH PTE. LTD.
Tel: (+65) 6779 1200

Fax: (+65) 6779 1822

South Africa
SIGMA-ALDRICH

SOUTH AFRICA (PTY) LTD.
Free Tel: 0800 1100 75
Free Fax: 0800 1100 79
Tel: (+27) 11 979 1188
Fax: (+27) 11 979 1119

Spain

SIGMA-ALDRICH QUIMICA, S.A.
Free Tel: 900 101 376

Free Fax: 900 102 028

Tel: (+34) 91 661 99 77

Fax: (+34) 91 661 96 42

Sweden

SIGMA-ALDRICH SWEDEN AB
Tel: (+46) 8 742 4200

Fax: (+46) 8 742 4243

Switzerland

SIGMA-ALDRICH CHEMIE GmbH
Free Tel: 0800 80 00 80

Free Fax: 0800 80 00 81

Tel: (+41) 81 755 2828

Fax: (+41) 81 755 2815

United Kingdom
SIGMA-ALDRICH COMPANY LTD.
Free Tel: 0800 717 181

Free Fax: 0800 378 785

Tel: (+44) 1747 833 000

Fax: (+44) 1747 833 313

SAFC (UK) Free Tel: 01202 712305

United States
SIGMA-ALDRICH

P.0. Box 14508

St. Louis, Missouri 63178
Toll-Free: 800 325 3010
Toll-Free Fax: 800 325 5052
Call Collect: (+1) 314 771 5750
Tel: (+1) 314 771 5765

Fax: (+1) 314 771 5757

Internet
sigma-aldrich.com

World Headquarters

3050 Spruce St., St. Louis, MO 63103
(314) 771-5765

sigma-aldrich.com

Order/Customer Service (800) 325-3010 e Fax (800) 325-5052
Technical Service (800) 325-5832 e sigma-aldrich.com/techservice
Development/Bulk Manufacturing Inquiries SAFC" (800) 244-1173
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