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Sigma-Aldrich Integrated Chiral Services
Capability

« Sigma-Aldrich is a leading global partner, providing products and
services to support the broad range of customer needs from research
through to commercialisation

« Technologies offered by Sigma-Aldrich include Supelco® (e.g. chiral
chromatography) and Pharmorphix® (e.g. solid-state services) which
enable and support the research and development needs for chiral
separation

« Chiral services have recently been consolidated in Cambridge, UK and
include
— Chiral screening technologies

— Production of enantiomerically pure compounds by either preparative
separations or crystallisation techniques

— Determination of absolute stereochemistry by single crystal X-ray diffraction

« The Cambridge facility will become the worldwide hub for chiral
separation services for Sigma-Aldrich and act as a dedicated point of
contact for customers requiring support during research, development
and commercial activities
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Chiral Services has Moved to Europe!

SIiGMA-ALORICH"

SAFC Small Molecule Services

SIGMA-ALDRICH-



SAFC Pharmorphix

PFI;IVS9!1em Founded in 2003
rofiling

Dedicated state of the art facility

Routine . .
Analysis Track record 1 in 3 compounds enter the clinic |

Solid State Investigated a range of >500 compounds

Enhancement

Crystallisation
Development

Structure
Determination O Key insights in to stability, scalability, formulation, bioavailability,

and purity of the API

Lifecycle
— e 0 The ability to modify and / or optimize the physical & chemical
properties of the API

Chiral
Separation
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Pharmorphix® Overview: Equipment

X-Ray Diffraction
Single Crystal X-Ray diffraction
Variable humidity X-Ray powder diffraction

Thermal Analysis
DSC and TGA instruments (Mettler and TA)
Hot-stage microscopy
Variable temperature X-ray powder diffraction

Crystallisation
Parallel reaction blocks/turbidity probes
Jacketed reactors from 250 mito 7.5 L

Physicochemical Profiling
pKa and log P/D determination
Intrinsic dissolution
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Physical & Chemical Analysis

Pharmorphix
Overview

Approximately 40 % of drug failure can be

- attributed to poor pharmacokinetics™
yschem

Profiling
Physicochemical Performance
Routine

Analysis Adsorption/Desorption properties

Solid State Measured pKa, LogP & LogD

Enhancement

Physical Performance

Crystallisation Solubility (kinetic, Thermodynamic)

Development Limits drug concentration in intended media
Structure Solid State Stability under a range of conditions

Determination

Chemical Performance
Lif | . . .
ST Chemical stability under a range of environments

Chiral
Resolution

* Kennedy, DDT 2 436-444, 1997
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Customers and Pharmorphix®

Customer needs:

Discovery & Chemical
Profiling Bioavailability Solid Form B cture
Amorphous Chiral
Crystallisation [ Crystalline *IP Generation & } Separation
Stable Solid Regulatory Compliance
Crystallisation

Routine Solid
State Analysis

Dev

Chemical and
Physically Purity

*Polymorphism
SE Screening
Selection

Co-crystal Amorphous
Screening Dispersions
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Chiral Services Overview

*Chiral HPLC & GC method development screening provides
* Methods for general use
* LC-MS compatible methods for clinical, stability or dissolution studies
* Method for later scale-up to prep
*Examples of possible optimisation projects
* Methods that provide high sensitivity for trace analysis
* Methods for API plus all impurities
* Methods that will not have interferences from excipients in formulations
* Resolution of parent drug and metabolites
| oading studies
*Small scale purification (Batch LC)

*Large scale purification (SMB)
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Finding the Right Chiral Column

Prior knowledge (in-house/external literature), specific functionality
and/or

Column choice and separation mode may depend on application and be
influenced by

* Known solubility of compound
* Need for MS detection
* Need for preparative separation

and/or

Screen a range of column types and separation modes
 Analytical column kits available for CHIROBIOTIC, CYCLOBOND

and/or

Screening process can be contracted out

» |deal if short of resources
« Compliment existing chiral stationary phases

® 2012 Sigma-Aldrich Co. All rights reserved. SIGMA -A'_DH’CH’a




Chiral Method Development Services

*This service aims to provide a result within 5 days of sample receipt for
analytical method development

* A comprehensive report that includes the screening results, optimisation
studies performed and final method is provided on completion of project

*This also includes elution order determination by measurement of optical
rotation, along with any suggestions for further optimisation if required

HPLC chiral method development screening

*The first stage is an automated primary column screen using an
established protocol that includes a comprehensive range of RP, polar
organic/ionic and normal phase methods

* This primary screen generally provides 80% of our screening success
*Methods generated by the screen are verified on a second system

*Other chiral stationary phases may be investigated as required (e.g. CLC,
protein based....)

GC method development screening

*Chiraldex (polar) and SupelcoDex (non-polar) phases based on
cyclodextrin derivatives
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Astec Cyclobond and Chirobiotic Phases

Polar Organic Mode (POM):
« Astec CYCLOBOND (1992) (e.g. 95/5/0.3/0.2, CH;CN/MeOH/HOAC/TEA)
— Acetonitrile is a dominant solvent
— Acid/base additives are to suppress ionization
— Samples have at least 2 H-bonds capability
Astec CHIROBIOTIC® (neutral molecules)
Chiral synthetic polymers e.g. Astec P-CAP, P-CAP-DP
Cyclofructans
Polysaccharides (e.g. ASTEC Cellulose DMP)

Polar lonic Mode (PIM):
« Astec CHIROBIOTIC (2003) (e.g. 100/0.1/0.1, MeOH/HOAC/TEA)
Methanol is a dominant solvent
CSPs have ionic character

Acid/base additives promote ionic interactions for ionizable
samples

ASTEC CHIROBIOTIC V2
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Submitting a Sample for Chiral Screening

@SUPELCU Sample Submission Form

For Internal Use Only:

i B = Non-disclosure agreement

ResulesShippsdt

e sampl st s i g = Customer asked to provide as

siruciure not decksed. Pl dussing in bo or aiach sparaiayl

CityfStatedZip: .
e possible
Fam:
Signature:

« Safety
{Pleate use ore form per sample. )
St s - Stability
Submikted Sample Amount: ma Piease submit at keast 25 mg
lsomrer Type: (please checkone) CJRACEMC  [CJDWSTERECMERIC  [JMIKTURE '
pha: LV i {Please Send Spectum, ¥ aveiable] ® SOIUb'“ty
Bppearance: (please chece oneg) JPowdsr OCystal OO0 OCther Occler

Solubility: (please check anel Stability: ipleass chede orel D tails

EtOH: [ 5okble [ Parthy Soluble  [Jinscluble | Light: Oztable [ Unstabie

W=0H: [ 5akble O Partly Soluble [inscluble | Temp iz 50 %01 Ostable O Urstakle C . H .

P CJzakble O Party Soluble O Inseluble | Acid {e.g. TRAX Clztable O Unstable OntaCt. Chlral Slal .Com
ACH: [ %okble [JPartky Soluble [ Inscluble | Base fe.g. DEA): Oztable Jirstabie
Hexare: [ Sakiale O Parthy Soluble Clinscluble | Ohber (mokdurs, sir ete) [I5table [ Unstable

&pplication Request
Method for. [J5creering  [JMsthed DeveloprertOptimization  [lPrsparative  Cic Ooc
 preparative, please irdicate the ulimatz quantity of znartiomer requirsd:
Celumn/conditicn alrzady tried withésitheout success:

— —— Further information:

Celumn/Corditions aready trisd with suocess:
Celumnerdifions dready tried withoad sucoess:

Recommeerdations or other useful information (f more spacs required, wsa sopares pagel: WWW . S i g m aald ri Ch . CO m/Ch i ral

Maywa dd tha resubts to an application presentatio n/publicatior? O DNn Conduor, fany:
Safety Information:

WEDS Tasicity Drata: (plesee check cred [ TesicMammdd  [JMinimal Hazand [ Mot Sucsilable

Bicacive: If Bicaciive, what type:
PatereypHuman Exposurs baues:

Plesss contact us before submitting sample. Redum Form with Sampla and M3ES 01 acaliable) To:
telephone:  S00-3533-2041 or 814-259-3041 SUPELCO
- Artantion: catiane Lab
fanc: A00-359-2044 ar §14-259-5468 e PP
a-rnail  tedhservics@sial.com Esllstaria, P& 16323
EEE
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595 North Harnison Rd.

@ 5 UPELCU Bellefonte, Pennsylvania 16823

59-.
Analytical (814) 359-3041

HPLC Chiral Screening Report Contract Chiral SerVices Report

Analyte Description Dorzolamide Hydrochloride (CAS: 130693-82-2, USP
1225281),

Dorzolamide Hydrochloride Related Compound A $95 North Harrison Rd
(CAS: NIA, USP 1225292, [(4R, 6R)-4-(Ethylamino- SUPEL ca" Bellefonts, Pennisylvama 16823
5,6-dihydro-6-methyl-4H-thieno[2,3-b]thiopyran-2- /] 9

F - (814) 350-3041
sulfonamide 7, 7-dioxide, monohydrochloride)]) Analytical

Supelco Sample No. R&D Application Request #739; Notebook 1688-18 |
Quote No.
Report to: Internal
Chromaf hic Results:
The sample has been fested through our method development protocol employing
3 CHIROBIOTIC (V2, T, TAG) columns and 3 CYCLOBOND (B-CD, DNP, and HP- 121 Dovzalamide HCL Dorzolamide Related Compound A
RSP) columns with a combination of mobile phases encompassing polar ionic (PI),
reversed-phase (RP), polar organic (PO) and normal-phase (NP) chromatographic U
modes of operation .
595 North Harrison Rd. Dorzolamide HCI Dorzolamide HCI
o o o o0 ‘ SUPELCOW Bellefonte, Pennsylvania 16823 (45, 68) . Rel. Cmpd. A
me, ¥ o o 4 i Analytical (814) 359-3041 Sa (4R, 6R)
o P
&7
‘ 7N ‘ | »
NH,
HN._.CH; HN. \
Dorzolamide Dorzolamide Summary of Primary Screen: s n 2
Hydrochloride Related ¢ Time (min)
Positive Results of Primary Screen Spectrum Column mode | elution | File
The following combinations of stationary phas ] - T h ' T | CeReTeme - e §”§5%ﬁ(‘: condtons
provided evidencs of enantiomeric seiedlvity S : Column:  CHIROBIOTIC V2, 25 cm x 4.6 mm |.D., 5 um paricles (15024AST)
ML camoBOTIC 1A - I Giamoiac Mabile Phase: 100:5 MeOH H0, 381 mM NHsTFA (or 0.05% NHsTFA)
i : T o cparaton o Temperatura: 2C
* CHIROBIOTIC V2: Pl mode (best) 1 3 L [ £ £ o . :
- Flow Rate: 0.3 mL/min
Ll gn:sgg:g:g ¥iGRE’\mn?§:e n CHROBIOTIC V2 RF Separation s Detection: UV at 254 nm
: [ AR SAAARERAR EARAARE “AARRAE" AR 5 3Tt Injection Volume: 10 pL
0 Sample 1.0 mg/mL in MeOH
) ~ ClascilAC
i ‘A'Al ey | CARCEOTE W P Separation 5 Srromi
Paak 1 retention time (R ) 17.61 min.
UMM ———— Jn‘. g | ChRoBoTE T - o Separation §£§;§,ﬁ$ Peak 2 retention time (R} 19.68 min,
L] hl 15 2 5 ot
Chromatographic Results:
[} ClasciihC
I\ T CHIROBICTIC T PiM No Separation ) hrom!
: 3 L s il = e 21 Dorzolamide HCI:Dorzolamide Related Compound A:
l Cyeloband 12000 RP Mo Retention Sﬂéﬂ.ﬁ?
[} T T T Y = AT ot
. ‘ . - PoM [uien | 5 et
T 15 Y % ot
e dad aiaas» Cyclobend 2000 HP-RSP [ RP Mo Retention ié::ﬂc
r e - T Cyelobend 2000 HP-REF | FOM Unknonn Séﬂ?‘f
(i (3 o %= aTes
Jl\ - ClascilAC
T T Cyelobend 2000 DNF RP NoSeparsion | D, Chromi
ﬂ f\g;ﬁ] ‘|5 2'0 2]5 Cyelobond 2000 DNF POM Unknown é;?z:v:;nﬁic
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Chiral HPLC Purification

Small Scale HPLC Purification Small to Medium Scale SMB

« Preparative HPLC method development * Highly flexible facility

« Conversion of methods for solvent » SMB feasibility/method development service
optimisation  Multi-gram to kg scale

« Loading studies « Lab scale SMB with throughput of 5-70 g/day

« mg to multi-gram scale » Medium scale SMB for multi-kg scale purification

(40mm column diameter)
Process HPLC

- Lab scale to automated production scale Production Scale SMB

« Normal phase columns, 1-50cm diameter * FDA approved

« Development and scale-up capabilities * Multi kg to tonne scale

from g to tonne scale * Operates under cGMP

* ISO 9000 certified » Six 450 mm diameter columns

 Extensive experience in
- Process optimisation

- Solvent recovery

- Process transfer to SMB
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Resolution of Mandelic Acid Enantiomers

DADT A, Sig=2308 Ref=T00 00 (LHPLCHPLCBPSZ8LCPE2BCS0TIUNT2 2012067 0944 30530201 D)
mJ

2 4 i § 1 12 i i

Experimental conditions:

Column: Astec Cellulose DMP, 250 x 4.6mm, 5um
Mobile Phase: Hexane: IPA: TFA (v/v) 875:125:2.5
Temperature: ambient

Flow Rate: 1.0 mL/min

Detection: UV at 230 (8) nm

Injection Volume: 5puL

Sample: 500 pg/mL in IPA

Peak 1 retention time: 8.05 min. (S)-Mandelic acid
Peak 2 retention time: 9.90 min. (R)-Mandelic acid

Elution order confirmed by separate injection of (R)- and (S)- Mandelic acid
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Chiral separation via diastereomeric salt formation
Principle

RS + R* > RR* + SR*

Racemic Base Chiral acid * Salts with difference in solubility

Crystalline salts with different solid state properties:
 X-ray powder diffraction patterns

» Thermal profile (different melting points)

* IR spectra

« Solubility
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The diversity of chiral discrimination

RSRSRS R R R S S S

S RS R SR RRR+ S S S

RS RSRS R R R S S S
Racemic conglomerate
compound

Most of the cases ~ 5% of the cases

Chiral resolving agent

S RS SRS
S RR RS S
S SRS SR

Mixed crystal
(solid solution)

Crystallisation of a conglomerate gives efficient purification to the single

enantiomer.

Pharmorphix can screen for conglomerates (specific solid phase properties)

® 2012 Sigma-Aldrich Co. All rights reserved.
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Important points

Amorphous salts won't show any chiral discrimination except for particular
cases (e.g. amorphisation of crystalline solvate during isolation)

You can not predict if a salt will crystallise in a conglomerate system !!

Screening of diverse chiral resolving agent is necessary to maximise the chance
of finding the right system.

Screening of solvents is necessary to take advantage of solvate formation (e.g.
a methanolate salt could be a conglomerate as the non solvated salt could form
a racemic crystal).

Most of the time, the results are not interpreted properly. (Solid phase
knowledge is necessary to understand the system.)
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Screening

Aims: identify potential system (chiral agent, solvent)

« 3 to 5 solvents systems x 20 chiral resolving agents are typically screened (~ 5-
15mg per reaction of racemate is required).

* Selection of acid based on pKa and diversity.

- Slow cooling to promote crystallisation — slow evaporation, maturation to
encourage crystallisation.

« Samples are inspected (microscope or XRPD) to check if they are crystalline
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Scale-up / Optimisation of conditions

Concentration, solvents, temperature influence the recovery and e.e.

Pharmorphix can rationalise the system to find the optimum conditions to get the
maximum recovery with the best e.e.
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Diastereomeric Crystallisation Flowchart

1. Develop a robust, efficient

analytical method (HPLC) \

3. Solid form analysis of the salts

© 2012 Sigma-Aldrich Co. All rights reserved.

W

P. Screening of diastereomeric salts,
solvents:
HPLC Analysis of solid and liquors

4. Optimisation and scale-up
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Case study

 Resolution of (R,S) Mandelic acid

« Chiral HPLC method has been previously optimised
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General procedure

Salts formation (controlled cooling ramp Solids | Filtration
50°C to 0°C)
¢ —_— ¢ Gums ¢
Cooling in Sonication/trituration XRPD of
freezer at -20°C of gums solids
v
Slow evaporation Cooling in Crystalline
of solutions freezer at -20°C
b
Gums 1st maturation/ Chiral HPLC of
sonication liquors
Solids - :
Anti-solvent Chiral
addition enrichment
L
2nd maturation/ Chiral HPLC o
sonication solids
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Screen - Summary

(R)-Phenylglycinol from IPA (liquor:35/65 — solid:55/45)

(R)-Phenylglycinol from IPA/water (90/10) (liquor:39/61 — solid:52/48)

The salts were scaled up (~ 200 mg) and characterised to check if they were forming
conglomerates
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Experimental

About 200 mg of Mandelic acid was mixed with 180 mg of (R)-(-)-2-Phenylglycinol
in 7 mL of 2-propanol.

The mixture was homogenised by heating (clear solution).
And cooled down to room temperature to obtain the precipitation of the salts.

., After filtration, the solid was analysed by chiral
HPLC (50/50)

The experiment was repeated with 2-propanol + 1% water.

After filtration, the solid was analysed by chiral
HPLC (56/44)
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Thermal analysis of the filtered salt isolated from
IPA/water (99/1)

Aexo TB-556-94B-S 07.06.2012 12:02:01
/ __L_._._-—-—'—'—'_'_'_'_

I&TGA TB-556-94B-S
TGA TB-556-94B-S, 3.8720 mg

Weight loss — .

°
>

1&DSC TB-556-94B-S
DSC TB-556-94B-S, 2.7480 mg

Endotherm associated to
dehydration

WagA-1

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 °C
Lab: LabUser STAR® SW 9.20

Does the resolution involve the formation of an hydrate ?
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Understanding the system

R)-Phenylglycinol (R)-mandelate salt in IPA
R)-Phenylglycinol (R)-mandelate salt in water
(
(

were prepared

R)-Phenylglycinol (S)-mandelate salt in IPA
R)-Phenylglycinol (S)-mandelate salt in water

(R)- )-
(R)- )-
(R)- )-
(R)- )-

The solid phases were characterised by
XRPD, TGA, DSC.

Single crystals were also obtained, they
were analysed by single crystal XRD
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XRPD analysis

R-Phenylglycinol (R)-mandelate salt from water

R-Phenylglycinol (S)-mandelate salt
from water or IPA

Mixture after filtration (R/S, 56/44) from IPA/water (99/1)

|

WA

5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

2-Theta - Scale

M¥File: LR-430-49-1_D8_1.raw
BBy - 15.0 mm - File: LR-430-83_D8_1.raw

B o 2 phases were observed from the R/S mixture

- Conglomerate
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Single Crystal data of (R)-Phenylglycinol (R)-mandelate
salt

© 2012 Sigma-Aldrich Co. All rights reserved.

Monohydrate of
(R)-Phenylglycinol mandelate salt

Experimental data
Simulated powder pattern from single crystal data

vvvvvvvvvvvvvvv

vvvvvvvvvvvvvvvvvvvvvvvvv

U:\PHX-08-064\work\p08064s.xye

BBY + 10.0 mm - LR-430-26-L
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TGA/DSC of (R)-Phenylglycinol (R)-mandelate hydrate salt

Sample: LR-430-26-L MILLED SCXD File: L\TA Data\TGA\T01288.001 Sample: LR-430-26-L MILLED SCXD File: L:\TA Data\DSC\D02082.002
Size: 8.5620 mg TGA Operator: LR Size: 1.4170 mg DSC Operator: LR
Method: ambient to 250 °C @10°C per min Run Date: 10-Nov-2008 11:14 Method: 25°Cto 200°C @5°C per min Run Date: 10-Nov-2008 11:32
Instrument: TGA Q500 V6.7 Build 203 Instrument: DSC Q2000 V24.4 Build 116
110 0
82°C 141°C
15.4J/g 120.3J/g
100 F 4
5.516% 2] 84°C
90 )
g :
= g
80 31.81%| | T
-6
70
V
o . 142°C
0 T s 100 150 200 250 20 "o 60 80 100 120 140 160 180 200
Temperature (°C) Universal V4.3A TA Iastrlupents Temperature (°C) Universal V4.3A TA Instruments
TGA 10°C/min DSC 5°C/min
Mass loss of 5.5% w/w Dehydration complete at 82°C
Theoretical mass loss for a monohydrate: 5.8% w/w Melt of an anhydrous form at 141°C
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VT-XRPD of (R)-Phenyiglycinol (R)-mandelate hydrate salt

Hydrated form

3 4 5 6 7 8 9 10 1 2 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

2-Theta - Scale
File: LR-430-26-L SCXD 2_01.raw
Y - 8.0 mm - File: LR-430-26-L SCXD 2_02.raw Anhyd rous form
Y - 16.0 mm - File: LR-430-26-L SCXD 2_03.raw
Y - 24.0 mm - File: LR-430-26-L SCXD 2_04.raw
Y - 32.0 mm - File: LR-430-26-L SCXD 2_05.raw
Y - 40.0 mm - File: LR-430-26-L SCXD 2_06.raw
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Summary of analysis

* In IPA/water, a physical mixture of crystals containing the (S)-Mandelic acid
and crystals containing the (R)-Mandelic acid is obtained (XPRD)

 Confirmation that the resolution required the formation of a hydrated salt
(single crystal, thermal data and XRPD)

© 2012 Sigma-Aldrich Co. All rights reserved. SIEMA -A'_DH’CH9




Dilution/recrystallisation

20 mg of salt (56/44) was reslurried in 200, 300 or 400 pul of IPA/water (99/1)
(heat/cool cycle for 24h then equilibration at RT).

The 3 samples were filtered and analysed.

15 volumes of solvent >

Experiment Name Solvent | Composition | Composition
P (w) | of solid (R/S) | of liquor (R/S)
TB-556-95A 200 93/7 40/60
TB-556-95B 300 97/3 39/61
TB-556-95C 400 98/3 45/55

The resolution was repeated using 1 g of racemic Mandelic acid.
(R)-Mandelic acid was isolated with 95% ee.

® 2012 Sigma-Aldrich Co. All rights reserved.
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Summary of the case study

(R,S) Mandelic acid
/ \

(R)-Phenylglycinol in IPA/water (99/1)

(R)-Phenylglycinol in IPA

/

R S R SR S B .R .R S s s
S RS R SR B.R.R+SSS
R S RSR S R R R S S S
o (0] (@]

Racemic compound

or total solid

solution © Water Conglomerate

(R)-Phenylglycinol ReSOIUtion

No resolution

SIGMA-ALDRICH-
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Key Capabilities for Resolution Studies

Chromatography services (column screens and small scale purification)

Determination of absolute stereochemistry
Rapid screening and characterisation of crystalline diastereomeric salts

At-hand X-ray diffraction and associated specialised experience

Suite of further physicochemical techniques (e.g. DSC, TGA) for characterisation
of physical properties of crystalline salts

Wide range of chiral acids and bases for diastereomeric resolution of racemic
acids and bases (>150)

Process transfer to our manufacturing sites
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