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Where we are now
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Several crystallization modes
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Antisolvent frontal mode searon

*IRH: Increased Nucleation Hydrodynamicsinsert

. i . . Rimez et al., Crystal Growth & Design (2018)
High control on size and dispersity

From nm to 400 pm size Any parameter influencing the nucleation can be optimized
Low polydispersity (span < 2) and control to allow a final crystal size selection agapted to the
ExceHent ﬂowabmty (non Cha rged pa rtldes) app//C‘al‘/O/?, /h one Sl‘ep c’i/’}d W/Z-h a [OWS/ZQ O’/Sl‘f/bUl‘/O/’)

Rimez et al. J Flow Chem 2019
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Temperature / °C
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Evolution (lots of it can be found in PhD J. Conté):

. Impinging jet crystallization using antisolvent at various temperatures
(toluene, hexane, etc.)

*  Anyinteraction with foreign bodies

. Droplet crystallization in microfluidic setting

. Impinging jet mixing with solvent IPAC at room temperature
. Impinging jet mixing with cooled solvent IPAC
@ 45°C Nucleation temperature
| |

I \ 1

Heated solution,
600 mg/mL Collection / filtration
60°C 7 mlong, ID 1 mm

Cold solvent,
-5-10°C
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Formll crystals %° * /‘\
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needles /x ° Impinging jet crystallization using antisolvent at various temperatures
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Form | crystals e Anyinteraction with foreign bodies
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Rods and cubes . Droplet crystallization in microfluidic setting
. Impinging jet mixing with solvent IPAC at room temperature
. Impinging jet mixing with cooled solvent IPAC
@ 45°C Nucleation temperature
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How it all began

30 Evolution (lots of it can be found in PhD J. Conté): 4
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95 . Impinging jet crystallization using antisolvent at various temperatures
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30 Evolution (lots of it can be found in PhD J. Conté): 3
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How it all began N
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- Evolution (lots of it can be found in PhD J. Conté):
Formll crystals %° * /‘\
Hexagonal, P6, L L . X .
needles //x ° Impinging jet crystallization using antisolvent at various temperatures
(toluene, hexane, etc.)
" Forml crystals *  Anyinteraction with foreign bodies
A Monoclinic, P2, . . . . T .
Rods and cubes . Droplet crystallization in microfluidic setting
. Impinging jet mixing with solvent IPAC at room temperature
. Impinging jet mixing with cooled solvent IPAC
. Lowered concentration, no mixing, just a straight tubing
@ 45°C Nucleation temperature
| |
I \f |
Heated solution,
600 mg/mL Collection / filtration
. . . . . . 60°C 7 mlong,ID 1 mm
10 15 20 25 30 35 40

Temperature / °C

Rimez et al. Cryst Growth Des 2018
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. Impinging jet crystallization using antisolvent at various temperatures
(toluene, hexane, etc.)

*  Anyinteraction with foreign bodies

. Droplet crystallization in microfluidic setting

. Impinging jet mixing with solvent IPAC at room temperature

. Impinging jet mixing with cooled solvent IPAC

. Lowered concentration, no mixing, just a straight tubing

@ 45°C Nucleation temperature
|

|
I | |

Heated solution,
600 mg/mL Collection / filtration
60°C 7 mlong,ID 1 mm




P

50
45

40

Temperature / °C
= = N N w w
o o o a o ]

w

0

Secoya Crystallization Technology
Residence time limitation?

=21 mL/min

=32 mL/min B

=43 mL/min |_|

=54 mL/min

Brivaracetam

Residence time in tubing

Velocity Residence
time
cm/s s
21 45 16
43 91 8

0 1 2 3 4 5 6 7
I Tube Length / m _
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Residence time limitation? /\HkNHz

Concentration Velocity Residence | Temperature | Pressure | Crystallization Crystal

time bath result sizes
mg/mL i cm/sec sec °C bar pm

Cubic 175+ 100

Cubic 227 + 64

Too short re5|dence times

Rimez et al. Cryst Growth Des 2018
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D Secoya Crystallization Technology 0
Residence time limitation? /\HkNHz

Concentration Velocity Residence | Temperature | Pressure | Crystallization Crystal

time bath result sizes
mg/mL i cm/sec sec °C bar pm

Cubic 175+ 100

Cubic 227 +

Too short re5|dence times

Polymorph selection and smallest size

Rimez et al. Cryst Growth Des 2018
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And what about about shear rate L
0
30 -
Formll crystals % * . /‘\
Hexagonal, Pslf P’ Thermodynamics:
25 ————f «  Start with heated solution
3 //Formlgrystals +  Cool down to desired temperature where nucleation may
z : Vonedie P2 take inside reactor with fixed dimension
> « Letslurry obtained after passage at different tested
'~§ nucleation temperatures grow to equilibrium
£ 15 * Analyze crystal appearance and size as a function of tested
5 condition
o
10 _
Hydrodynamics:
« Each solute in solution has an optimum average shear rate
> «  Other types of behavior?
0
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And what about about shear rate

X
Form Il crystals % *
Hexagonal, P6, y:

a

needies 7 7

* Form | crystals
A Monoclinic, P2,
Rods and cubes

Concentration Flow rate
mg/mL mL/min

600 32

Rimez et al. Cryst Growth Des 2018

Hydrodynamics:

Brivaracetam

« Each solute in solution has an optimum average shear rate
«  Other types of behavior?

@ 45°C
)

Nucleation temperature

|

I

Heated solution,
600 mg/mL
60°C

W 1

Collection / filtration
7 mlong,ID1mm

Standard connector for 1/16” tubing

Restriction Temperature
pm bath / °C

500 0

Crystal sizes Estimated nucleation
pm rates /s

121+33 625 000
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And what about about shear rate |
0
30 -
Formll crystals %° * . /‘\
. voragona, 5, / Hydrodynamics:
25 1= needies g 7 . . ;
« Each solute in solution has an optimum average shear rate
2 * Form | crystals «  Other types of behavior?
; X Monoclinic, P2, @ 45°C Nucleation temperature
X 20 Rods and cubes 1 N
: [ W i
2 Heated solution,
g 600 mg/mL Collection / filtration
g 45 60°C 7 mlong, ID 1 mm
§
10 500 um opening
1000 pum ID 1000 um ID
5 5cm
Concentration Flow rate Restriction Temperature Crystal sizes Estimated nucleation
0 A mg/mL mL/min opening bath / °C pm rates / s

pm
600 32 500 0 121 +33 625 000

Rimez et al. Cryst Growth Des 2018
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And what about about shear rate sl
Formll crystals %° * . /‘\
) Horagonal 75, / Hydrodynamics:
< needies 7 7 . . .
25 « Each solute in solution has an optimum average shear rate
3 //Formlcrvstals * Repetitive placing of restrictions/openings/perturbations
~ 4 Monoclinic, P2,
o\;" 20 Rods and cubes 300
< £
S 3
S 250
e £
§ %o 200 @
10 — 150
2
i £ 100
]
% 50 i
©
5 ’ ¢ ¢
0 . . - . - . Z O

10 15 20 25 30 35 40 0 1 2 3 4 5

Temperature / °C test setup with different number of perturbations

Rimez et al. Cryst Growth Des 2018
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And what about about shear rate |
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30 -
Formll crystals %° * . /‘\
. Hexagonal v/, Hydrodynamics:
25 ———f «  Each solute in solution has an optimum average shear rate
3 //Formlcrvstals * Repetitive placing of restrictions/openings/perturbations
~ 4 Monoclinic, P2,
o\;" 20 Rods and cubes 300
< £
£ a5 Extended for other molecules:
5 £ Aspirin, Glycine, Adipic acid,
200
© O Lactose, ...
10 = 150
g [
i £ 100
]
w50 i
LI B
0 Z 0

10 15 20 25 30 35 40 0 1 2 3 4 5

Temperature / °C test setup with different number of perturbations

Rimez et al. Cryst Growth Des 2018




Secoya Crystallization Technology
Sometimes we couple this with a reaction

+ Finalizing acetylation step in tubular reactor
* Quench with water
» Crystallization in neat conditions

acetic anhydride as solvent

Fig. 7 Combined setup for the flow assisted synthesis and
crystallisation of salicylic acid into aspirin, using identical connectors for
sulphuric acid and water entry as shown in figure 1.

Rimez et al. React. Chem. Eng. 2019
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Secoya Crystallization Technology
Then we started to mix with antisolvents - now on purpose

Additional features with antisolvent

»  Crystallization of organics at
temperature between 0 and 70°C

«  Precipitation of inorganic chemistries
and salts: nanometric sizes

»  Precipitation of AP down to (sub-)
micrometric sizes

»  Co-crystallisation for enantiomeric
purification - project foreseen with
partner

Macromixing Mesomixing
i
L)
[$)
S0
=
Scale: Vessel Turbulent Eddies Kolmogorov Batchelor
Modes: Bulk Convection  Vortex Shedding Engulfment Deformation Diffusion

Mechanism: Turbulent Diffusion
Incrtial-Convective

172 V2
H —1/3 V3 Vs

Time Scaling: T e T o £ T o< | 2 T - Se
m,t s m £ m,d £

Momentum Diffusion  Molecular Diffusion

Johnson, AICHe 2004
v mixing conditions without voids and dead
volumes
v Mixing intensity determines nucleation rate
v [hherent small particle size




’ Secoya Crystallization Technology

Then we started to mix with antisolvents - now on purpose

Frontal Collision mode: high energy mixing for equal quantities solvent/antsiolvent

20 and 20 mL/min 20 and 40 mL/min

Rimez et al. Cryst Growth Des. 2018
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Secoya Crystallization Technology Brivaracetam
Then we started to mix with antisolvents - now on purpose i
/\ANHZ

o0-_N
antisolvent —— solution \Q
Brivaracetam -

A\
v Difficult accessible chemistry and polymorphisms
v Excellent control of conditions lSlurrv

1: frontal collision with cold antisolvent ~ 1 ms
2: mixing temperature reached + growth ~ residence time in crystallizer<1s

method API/IPAc length
mg.mL? mm

Crystallization Initial concentration  Tubular §®%1 @
@
Eoe)

Casted

25°C
Filter paper
pap 20°C
Brivaracetam
17.5°C
10°C //{iii/////,/
5°C IPAc

hexane

Rimez et al. Cryst Growth Des. 2018
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Secoya Crystallization Technology Paracetﬁmol

Then we started to mix with antisolvents - now on purpose /Q/NY
HO

Paracetamol was dissolved in isopropanol (100 - 75 mg/mL)
Water (unsuccesfull) and heptane were tested as antisolvent

10000
£
=
=
& 1000
E
+ For paracetamol, 127 tests and 130 g solids on €
Q.
. 100 A
three solvent/antisolvent systems were %
Y
necessary to arrive to particle sizes down to 10 pm f
[
- SCT-LAB allows fast screening with low material 2 ]
Y
consumption =
1 T T T T T T
0 20 40 60 80 100 120 140

Test number Longer reactor

of 5mL and
cooling applied

Rimez et al. Cryst Growth Des. 2018
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p Secoya Crystallization Technology Actual customer example

Then we started to mix with antisolvents - now on purpose Steroid compound

Co-flow mixing mode: lowered energy of mixing, helps with increasing amount of antisolvent added

. Mixing ratio
antisolvent 1/1 > 1/8
140
120 @20 mg/mL
£
3 100
S~
S 80 A
(%]
2 60
o
v 40 4 Average 3,7 um
. “ i £ 2 Span 0,92
solution 2 20
—_— T i iei
) o o 0 T T T
I 0,6 0,5 0,4 0,3 0,2 0,1 0

Co-flow mixer ‘0.D.1.D. 360/150 um '0.DA.D. 1,6/1,0mm . .
Mixing ratio

Down to 3 pm, without the use of surfactant




D Secoya Crystallization Technology Naproxen
Then we started to mix with antisolvents - now on purpose oH
JIT T

side mixing mode: go in-between |

. . . .Q. -
Naproxen was dlssolvgd in isopropanol (12.5 mg/mL) %.:‘ eu rOfl ns
Water was used as antisolvent
Sample collected in known quantity with surfactant (HPMC)

Product insert Mixing Mn MI PDI
number ratio nm nm

S27 Tside 500pum 1/3 910 2199 0.17

S37 Tside 250 pm 1/3 183 658 0.09




One Equipment that fits all needs
Obtain the crystal size of choice without hustle ‘9@6.

Diagnostic/inorganic

» Cooling crystallization

lymphatic
mea| fOl’ Ora| dosage forms Long-circulating (brain, tumor)
Goqd soluble mqlecules - BCS Class Oand [ ——
Optimised recycling and yield

Genedelivery

© AntiSOI\Ient CrySta"ization Intravenous/intramuscular

ocular

Aerosol

Frontal - co-flow - side mix

[eal solution for complex systems nasal
Reducing particle size under pm

) i ; o Intraperitoneal
Adjugtable particle size upon mixing . - . oval, depot
conditions Size range achievable with
. . Oral, granules
BCS Class Mand ¥ Secoya crystallisation technology —
|
L 1 1 1 1 1 1
0.001 0.01 0.1 1 10 100 1000

Particle Size Range (pm)




Secoya Crystallization Technology
Reliable Upscaling with identical set of parameters

Technology specifications:

* 3 temperature zones:

o Solution: RT to 85°C
o Antisolvent; 5to 85°C
o Reactor: 0 to 70°C

+ Delivered with dedicated cooling/heating thermostat
+ Single use inserts and reactors
o 6 different inserts for cooling and antisolvent
crystallization
o 6 different integrated reactors with different
volumes: 1 to 7mL
o 1 specific reactor execution for highly viscous
solutions

* Pump flow rates 1 to 60 mL/min
+ Simplified collection of slurries
+ Stand-alone 21 CFR part 11 software

Production unit

SCT-ICE
[ton scale]
Pilot unit
SCT-Pilot
[kg scale]

Laboratory unit
SCT-LAB

=&

___o/




Secoya Crystallization Technology
Reliable Upscaling with identical set of parameters

Production unit
SCT-ICE
[ton scale]

Technology specifications:

* 3 temperature zones:

o Solution: RT to 85°C
o Antisolvent; 5to 85°C
o Reactor: 0 to 70°C

+ Delivered with dedicated cooling/heating thermostat
+ Single use inserts and reactors
o 6 different inserts for cooling and antisolvent
crystallization
o 6 different integrated reactors with different
volumes: 1 to 7mL
o 1 specific reactor execution for highly viscous
solutions
* Pump flow rates 1 to 60 mL/min
+ Simplified collection of slurries
+ Stand-alone 21 CFR part 11 software




