Analytical and Preparative SFC of
Achiral Substances
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Introducing the speaker

Time with GE Joined GE Healthcare, Chemical Development — Oslo
site in February 2005.

Responsibility Scientist, separation processes. Expert in
preparative HPLC.

Previous roles 1999 — 2005. Scientist. Department of Biosciences,
University of Oslo. Responsible for the Mass
spectrometry / Circular Dichroism / HPLC Lab.

Time off... Outdoor activities, dog training,
fishing and family life.
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A company with an innovative heritage

*115-year-old, high-tech,
growth company.

*$132+ billion in annual revenues.

*The only company listed in the Dow Jones
Index today that was in original list in 1896.

*315,000+ employees worldwide.
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GE global businesses

*Industrial
*Consumer Finance
Infrastructure
*NBC Universal

eCommercial Financial
Services
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GEHC: The leading diagnostic
company in a new age of medicine
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What is PET?

* Positron Emission Tomography is
a non-invasive tracer technique
utilising short-lived, positron emitting
radio-nuclides to visualise
biochemistry and physiology in vivo

Functional imaging can be used in
* Clinical diagnostics

* Drug development

* Clinical research

* Pre-clinical research

* Short-lived radionuclides: Limited radiation dose to patients
* Tracer levels: Low amount of substance administered, ny.

PET nuclides : 11C, 18F, 150, 13N, %8Ga
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Discovery PET/CT

.

@ Discovery
VCT
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Clinical images, Discovery VCT

Uterine Cancer Lung Cancer




The SFC lab

Thar SFC Investigator CO, delivery system
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SFC column library

Various SFC columns The most used

columns are in the
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The way we work

* The one column approach is not used, a column screening is
always performed to find the most suitable column.

e \arious co-solvents and additives such as bases and acids are
also tried out to optimize the developed method.

* A column library has proven to be a very successful investment.

* Many semi-preparative columns are available. The analytical
methods developed can be scaled up quickly if needed.

* Various columns from Princeton Chromatography have given us
excellent results.

imagination at work




New PET tracer for oncology

Non-GMP synthesis

|

API starting material
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Generally about the new PET tracers

* Most of the substances are not easily dissolved with pure water.

* Intermediates and substrates are easily degraded in the presence of
water.

* [Fast analytical and preparative methods are needed.

e Hazardous solvents such as chloroform, hexane and dichloro-

methane (typical for a normal phase HPLC system) should be
avoided.

* Reduced work-up time is needed.
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Purity determination of an intermediate
In the API starting material synthesis

O Intermediate.

* The intermediate is not soluble in water, but soluble in pure
acetonitrile.
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Purity determination of an intermediate

Two regio - isomers .
J Desired substance

/
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* A very fast method.
* The Benzamide column from Princeton Chromatography is the only

column in our column library that manages to separate the two isomers.




Purity determination of an intermediate
In the API starting material synthesis

o,Bn

! Intermediate.
R R1

*Not soluble in water, but soluble in pure acetonitrile.




Purity determination of an intermediate
%

* A very fast method — 3 minutes total run time.

Two isomers, both wanted
into the next synthetic step

/73Wed substances

* Hazardous solvents used in a typical normal phase system

such as dichloromethane and hexane are avoided.
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Purity determination of the API
starting material

Bn
/

API starting
material

R1

* The API starting material was not stable when dissolved in water. A
water free system must be used.

* Column screening of several analytical SFC columns suggested
that a Benzamide column gives the best results with a short run
time of 5 minutes.




Purity determination of the API
starting material

Desired substance

/

* A very fast method in a completely water free environment.

* Unfortunately the SFC method could not be used since it
had to be GxP validated and run on a qualified SFC
instrument. (It took several weeks to develop and validate a
HPLC method).
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Purity determination of a hydantoin
formed Iin the GMP synthesis

~

Two hydantoin geometric isomers are formed
(syn / anti).

* The hydantoin mixture is not soluble in water, but
soluble in pure acetonitrile.




Purity determination of a hydantoin
formed in the GMP synthesis

Desired substance

e

Anti
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* The SFC method outperformed any HPLC method that was tested.
It took only a few hours to achieve an excellent separation.
* A preparative SFC method could easily be used for purifying the

syn-hydantoin from the anti-hydantoin.




Purification of the syn / anti hydantoin
Isomers

Desired substance

N

Syn Anti
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* Purity of the syn isomer: 99+% / Purity of the anti isomer: 97 %, by
post-analytical analysis on an analytical SFC column.
* Repeated 100 mg batches of the hydantoin mixture were purified.

* Very fast work-up time due to a water free system and small volumes.




Purity determination of the final
iIntermediate

R3 R1

v Labeling precursor
R?2

* Not stable in water, but stable in hexane.




Purity determination of the final
iIntermediate

Desired substance

/

* The SFC method detects more impurities than the normal
phase HPLC method (using a hexane : ethanol system)

* A very fast method — 2 minutes total run time.
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Our experiences with SFC

* Greener: Organic solvent consumption has been reduced.

* Faster. We observe up to 30 times faster run times compared to HPLC.
Our productivity has increased significantly. A water free system and small

collected volumes makes the work-up time very short when doing semi-

preparative SFC.

e Safer: Chloroform, dichloromethane and hexane can be avoided. The

user is exposed to smaller volumes of organic solvents.

Implementation of the SFC technology has been highl
by our team leaders and synthetic scientist.

SFC can replace HPLC in several of our projects.

Larger SFC systems are needed.
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