The right choice for achiral
purification



The Background ...

‘ Supercritical Fluid Chromatography (SFC)

SFCis a “green” chromatographic technique.
Phase Diagram for Carbon Dioxide

The main component of the mobile phase is CO, which
permits the use of high performance preparative columns

Pressure

Liquid ! Supercritical Fiuid (10 — 50 mm internal diameter) with a variety of particle
Solid : sizes from 3 — 20 um resulting in the rapid separation and
Crical Point recovery of purified components.

Gas

Many historical SFC separations have utilized “older normal
phase HPLC types” of stationary phases such as unmodified
For CO,, Te=31°C, P.=1100 psi PY silica, amino and cyano. These phases are poorly adapted to
SFC and present a number of limitations for SFC separations
including low capacity, poor selectivity and poor peak shape.

Triple Point




Welcome to GreenSep

The Logic and History ...

The GreenSep™ family of stationary phases have been
specifically engineered for SFC separations paying close
attention to bonding coverage, density and all factors
leading to high capacity phases which exhibit excellent
selectivity and peak shape. The GreenSep range offers a
variety of selectivities offering orthogonality.

Many of the GreenSep phases designed for basic and acidic
compounds do NOT require mobile phase additives that are
commonly required with other brands of phases.

Columns are available available in 10 to 50 mm internal
diameters and particle size from 3 — 20 um



GreenSep Columns

With unique selectivities

GreenSep Naphthyl

Is naphthalene based with intrinsic base deactivation
and exhibits strong Tt interaction and charge transfer
interactions which performs well for diastereomer
separations and non-polar compounds. The unique
properties of GreenSep Naphthyl place its selectivity
between graphitized carbon and alkyl type phases.

GreenSep HILIC

Is composed of a polyhydroxylated polymer that is
coated and bound to silica providing hydroxyl levels, that
are well above conventional silica and diol type
stationary phases permitting higher loading.

GreenSep Diol

is a specialty phase designed for SFC with a high density
Diol surface coverage which ensures separations that are
improved and more reproducible than conventional
unbonded silica.

GreenSep PFP

GreenSep PFPis a pentafluoro phenyl based stationary
phase specifically designed for the separation of
geometrical isomers and diastereomers. GreenSep PFP is
the column of choice in separating compounds that
contain aromatic groups, polarizable electrons and
conjugate systems.

GreenSep Nitro

GreenSep Nitro is a nitro aromatic based stationary
phase designed for the separation of geometrical
isomers and diastereomers. It is the column of choice in
separating compounds that contain double bonds,
aromatic groups, polarizable electrons and conjugated
systems and exhibits a strong charge transfer system

GreenSep Standard Phases

Silica, Amine and Cyano are also available



GreenSep Columns

for use without additives

GreenSep Basic

GreenSep Basic, an imidazole based stationary phase
that exhibits a highly basic character. Itis ideally suited
to high performance/high speed SFC applications of
chemicals containing amine groups without the use of
mobile phase additives

GreenSep DEAP

GreenSep DEAP is the SFC column of choice for the
retention and rapid separation of chemical compounds
containing alcohol groups.

GreenSep Pyridyl Amide

Ideal for separating chemicals that contain both basic
amine and acidic groups
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GreenSep Ethyl Pyridine

GreenSep Ethyl Pyridine is bonded phase of 2-Ethyl
pyridine and is ideal for separating chemicals that are
functionalized with acids and amine groups

GreenSep 4-Ethyl Pyridine

GreenSep 4-Ethyl Pyridine is an alternative to and
provides different selectivity to GreenSep Ethyl Pyridine
(2-ethyl pyridine)

GreenSep Ethyl Pyridine Il

The column ideally suited for the retention and rapid
separation of chemicals containing acidic groups. Itis a
version of bonded 2-Ethyl pyridine



GreenSep Basic Example

This is an example of GreenSep Basic vs Ethyl Pyridine

DADT A 1922010 Reseoff G011\MAR 1060008 0)

§sorbic acid GreenSep Basic 250 X 4.6mm ID Sum
Catalog # 155291-GS-BC
g
&/tbuprofen g 1 09% Methanol in C02 @ 3mL/min @ 150 bar & 25C
§
\

1-aminorsoquinoline

Antipyrene
Wibenzribenzomide

° z
DAY AL S157220.18 Refof GO TNAR1 1000007 5)

x
Antipyrene 5. o
“N-benzylbenzamide GreenSep Ethyl Pyridine
Tbuprofer 250X 4.6mm ID Sum

13 Catalog # 155291-GS-PYE

& [T Niacinamide

,«—u ] J U VN{ lmql

2 a

soricacd” | || |5 10% Methanol in C02 @ 3mL/min @ 150 bar & 25C
[
I

a

a

The ultimate aim is
purification!

The chromatogram shown contains
chemicals that are functionalized with amine
and acidic groups and is a prime example of
the superior peak shape performance and
separation capacity obtainable with the
GreenSep Basic column when compared to a
2-Ethyl Pyridine column.

Same Conditions

Shows different and improved resolution of Basic over Ethyl Pyridine
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GreenSep Naphthyl Example

This is an example of GreenSep Naphthyl being used for Diastereomers

Shorter Analysis Time!

A naphthalene based SFC material, with high

bonding density and intrinsic base

deactivation due to a rigid structure. The

inherent shape selectivity, strong m-t

- — —e interactions and charge transfer interactions
25 75 100

Column:  GreenSep Naphthyl 150 x 4.6mmID 3um min enable GreenSep Naphthyl to perform well for

Catalog#  135191-GS-NAP  Time(min) % Methanol (0.1% DEA) diastereomers separations and non-polar

Mobile Phase: COy/Methanol 12

Gradient:  3mL/min 1 12 compound separations.
Detection: UV @ 254nm 6 7

BPR: 200 bar
~Cinchonidine Quinine +Cinchonine  Quinidine Hydroquinidine

5/@ o) o d The unique properties of GreenSep Naphthyl place its selectivity
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d Rapid analysis and great resolution between compounds




‘ GreenSep Nitro Example

This is an example of GreenSep Nitro

Column: GreenSep Nitro 1. Flavone
250 X 4 6mm 5um 2. Coumarin

3. Cytosine
PN: 155291-GS-NO2

Flow. 2mL/min @40L
System Back Pressure
100 bar

Injection Volume: 2 uL
Mobile Phase: 5-40%
Methanol

Fast Column
Equilibration!

GreenSep Nitro is the column of choice in
separating compounds that contain double
bonds, aromatic groups, polarizable electrons
or conjugated systems and exhibits a strong
charge transfer system.

(| Separation of Flavone, Coumarin and Cytosine

a Great resolution between compounds




GreenSep Ethyl Pyridine Example

This is an example of GreenSep Ethyl Pyridine in the determination of pharma degradation products

in Efavirenz A

Environmentally
é Conscious Technology!

The determination of degradation products
and process impurities in pharmaceutical
active ingredients has always posed a

7 100 ws challenge for the analysis of pharmaceutical
Cuoge TSGR D Sl compounds.
P The SFC separation of Efavirenz, an
T e , antiretroviral pharmaceutical active

ingredient is shown.

Efavirenz Impurity #1  Efavirenz Impurity #2  Efavirenz Impurity #3  Efavirenz Impurity #4  Efavirenz Impurity 25
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$,CF a High resolution between closely related compounds




GreenSep PFP Example

This is an example of GreenSep PFP ideal for diastereomers

l'ime (minutes)

Easy to scale-up!

Specifically designed for the separation of
geometrical isomers and diastereomers.
GreenSep PFP is the column of choice in
separating compounds that contain aromatic
groups, polarizable electrons and conjugate
systems. In many cases GreenSep PFP
provides orthogonal separations when
compared to GreenSep Nitro.

a Separation of Naphthalene, Phenanthrene and Pyrene

a Great resolution between compounds



‘ GreenSep Diol Example

This is an example of GreenSep Diol for Acidic analytes

Higher Efficiency!

Column: GreenSep Diol 3um 250 X 4.6mmID
Gradient Modifier: Methanol with 0.2% Formic
Acid

Flow Rate: 4mL/min

Temperature: 60°C

| ABPR: 200 bar

GreenSep Diol is a specialty phase
designed for SFC with a high density Diol
I %W surface coverage which ensures separations
0 20 which are improved and more reproducible
Compounds: than conventional unbonded silica. GreenSep
. Z.:-:’i"w';'ow’}wnmic Acig Diol is particularly suitable for acidic and
. 2,3-Dimethoxybenzoic Aci P
. 3,5-Dimethoxybenzoic Acid basica malytes.
. 2,4-Dimethoxybenzoic Acid
3,4-Dimethoxybenzoic Acid
. 2,6-Dimethoxybenzoic Acid

Response

a Fast Separation

a Great resolution between compounds

Time (Minutes)




Achiral SFC Flow Chart

This is an example of the selection process
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Using SFC?

2-Ethyl Pyridine }\ Use EP, EP2 or 4EP

e Y

Basic Sample }-\ Use Basic, DEAP
or
Acidic Sample }-\ Use EP2

Use Nitro, Select
Naphthyl or PFP

,
J

Isomers

Acidic and Basic Sample Use Basic or PA

Mixed Functionality HILIC




