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Impurity Control is Critical in APl Manufacturing

A The main challenge of APl manufacturing is centered around Impurities.

A Removal of the impurities can be done using various techniques:
o Control of the raw material quality
o Improvement of the chemistry
o Removal post reaction: Crystallizati on, Extr

Impurity Control

The fate of Key Impurities in the synthetic route
should be evaluated and addressed
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Do We Have More Arrow In the Quiver?

A Continuous Chromatography has been in use for over 20 years in the
manufacturing of Active Pharmaceuticals Ingredients (API)

A Because of its BINARY nature, It is well accepted as an efficient/competitive
technique to achieve chiral purity.
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‘ What is the fate of the impurities in the SMB process?
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Handling Impurities Depending on Their Nature

Strongly retained impurities

A Strongly retained Impurities eventually reduce the loadability of the column by occupying the
adsorption sites. Resulting in a loss of performance.

AThe Stationary Phase adNetasdemal eéxpensive nfi

Racemate
(Feed)

Product

Easy fix:
Pretreatment
of the feed
(guard column)
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Handling Impurities Depending on Their Nature

A The order of elution is important

A The impurity level in the final product can:
o Double from the feed content (coeluting)
o Be reduced drastically to non detect
o Be distributed between the two SMB outlets.

A A simple Mass Balance problem!

Feed,,,, = Raffinate,,,, + Extract;
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The SMB Process 1 s a nNnCl osedo

A The SMB process o ® 0
Arecycl eo W) X
te an C *%5%
Crea 0%
column
Extract

The packing needs to be
clean before moving pass
the eluent point

A The SMB process |
irecycleodo also the ollds
internally to minimize the AL

Asy

e

solvent consumption FE >
A LA
AAAAA AA 1A /
AA
AL | ‘ Eluent
Raffinate

The eluent needs to be clean also before
moving pass the eluent point
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The SMB Principle Relies on Elution Time

SMB is characterized by 4 different flow rates to allow a continuous separation of a binary mixture
by playing with the difference between residence times and column switching (period).

Eluent Cleaning of Separation section Cleaning of _
l Feed { r
—1 T-_-T.:N T~
Extract Raffinate
Most retained . -— - —
Less retained —_— — —_— —
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The Elution in Each Zone is Relative to the Switch Time

When the switch time Ts Everything to the right
occurs, everything left < < > is moved upstream
of the switch time is Out Out | With

with the column
Out of the column

Eluent

« T . Extract Raffinate [X < | >
Out | With Out | With
| |
L] ™ N
M A \5 ‘el 7 -
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Strategies to remove the Impurities with the SMB

A Multiple Cases to consider leading to either a partial reduction or a

complete removal of the impurity.

Extract
8 Extract
@ Extract
4
5
6

Raffinate
Raffinate

Raffinate
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Fast eluting
Last eluting
In between
Fast eluting
Last eluting

In between

Full removal (lower zone IV + Raf increased)
Partial removal

Partial to complete removal with lower throughput
Partial removal

Full removal (Increase zone |, Ex increased)

Partial removal
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Cas #1. Fast Eluting Impurity and Product in the Extract Stream

The nAnvol umeo of s ol vgandtheswitohpime isleading ithe dolwnenemd ist
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Cas #1. Fast Eluting Impurity and Product in the Extract Stream

By reducing the zone IV flow rate, the impurity is
retained longer than the switch time and therefore
carried back into zone lll to be eventually removed in
the Raffinate stream.

Consequences

Lower internal eluent recycling

More eluent make up to use

More diluted Raffinate

Added stress to the evaporation downstream

e eoee

No change to the throughput

=

Complete removal of the impurity

Feed,,, = Raffinate,, + E)%tim ; L.
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Case #2: Long Eluting Impurity and Product in the Extract Stream

AAdjust ment of the zone | flow rate I s require
o The column is moved into zone IV where the flow is the lowest T increased retention
o The impurity level in the SMB will eventually reach a steady state.

Eluent Feed
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Case #2: Long Eluting Impurity and Product in the Extract Stream

A The demonstration is performed on the mini-
SMB equipped with 8 column 10x100 mm

A Feed contains ~ 0.63% of a racemic impurity
A Technically 2 impurities to consider (0.32% each)

. One enantiomer elutes with the undesired
enantiomer i Full removal

§ Other impurity is 0.6% in the extract if zone | flow is
too high (impurity is pushed in the extract stream)

& Potentially 0.32% impurity expected if allowed to
recirculate

f same throughput i no reduction of feed rate
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Case #2: Long Eluting Impurity and Product in the Extract Stream

A The removal of the impurity i1s only partial

A The level of the impurity in the product stream is similar to the level in
the feed stream

A A 2"d pass of the extract stream will be required for a full removal

o Impurity Is recovered In the extract
o Product is recovered In the raffinate stream
o Same conditions, longer switch time.

Feed,,, = Raffinate ,, + Extract;, 50/50 Sp“t
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Case #3: The Impurity Is Eluting in Between the Enantiomers

0.3 -

A The impurity elutes in between the enantiomers 0:: ﬂ ﬂ

A The impurity will split depending on the
separation conditions

UV signal

0.1 -
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A The isotherm is important Nk )\
o Displacement "o 2 4 Ti 8 10 12 1
me (min)

o Tag-along effect |

A Avoid the match of retention time and switch time

¥ Slow build up of the impurity until non-linear range of Cs| Impurity isotherm
isotherm is reached

J Sudden drop in raffinate total purity

A Mass balance on the impurity is key to show steady state

( E Retention time starts dropping, the
Linear range: |
The impurity builds upl V Z——?

impurity is moving into zone Il

[
»

o
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Case #3: The Impurity Is Eluting in Between the Enantiomers

Strategies for removal are dependent on the
desired product vatne | | g
A If product is the Extract: — -
o Increase switch time to push the impurity in the raffinate g 5500 0
l Limit the feed rate to avoid yield loss T Lower Productivity % 10000 150
A If product is the Raffinate: ® a0 -
o Reduce the switch time to drive the impurity to the extract %00 20 o oo so” Co0 ol e 1e0
‘ Limit the feed rate to avoid impurity overloadingi Lower retention time min)
Productivity
—e—Extract ——Raffinate
100
g 90
Distribution of the impurity as a function of the zone |l z %
flow rate (m,/m, plane) g 5
: . : z 10
vV m, =7.2 the impurity is mostly in the extract stream E
(95% of the feed) £ w
vV m, = 8.3 the impurity is evenly split between extract " e e e o o
and raffinate
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Conclusion

Impurities are always a challenge in APl manufacturing

Technique for removing impurities could be expensive and yield consuming

SMB is a BINARY process that can provide some solutions to avoid
added unit operations

Impurities be handled preferably before the chiral separation

Consistency on quality of the feed stock is essential to the viability of
the SMB unit operation as an economical process.
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Thank You

Dr. Olivier Dapremont
(Olivier.dapremont@apfc.com)
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