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“Analytical scale” flow reactor for automated
reaction screening using minimum material

 To create libraries of reaction information (Process R&D focus)
 To create libraries of compounds (Medicinal Chemistry focus)
 Joint collaboration with Wyeth and an outside engineering firm

Flow Chemistry / Continuous Processing

nano  micro @eso kilolab  pilot plant  manufacturing

» System overview from schematic to breadboard to prototype
* Flow segmentation

» Mixing characterization and optimization

e Test chemistry



System Overview
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Simplest Configuration of Modules: Analytical Mode
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Preparative Mode
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Fluid Prep Module

Measures out and mixes four component
200-400 ni fluid segments which are
inserted into the main flow
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He gas spacers before and after the reaction segment maintain fluid segmentation



Fluid Prep Module Breadboard

- 4 Syringe Drives
4 Metering Loops

Reagent Sources

Interface Valve & Reactor
= Injection loop Breadboard




Fluid Prep Module

Next generation prototype construction
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Reactor / Heater Temp (C)
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Reactor Temp (C)

Very Accurate Temperature Control Facilitated by Copper
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Near Square Wave Fluid Segmentation ...
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6 min r.t. = 250ul/min flow, 25°C, with He gas spacers on both sources (EtOH / 1 mM product stock solutions)



peak height - baseline

... with Linear Spectroscopic Responses

UV of Segments Prepared by Diluting in Fluid Prep Module
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Reproducibility of Diluted Segments
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6 min r.t. = 250ul/min flow, 25°C, with He gas spacers on both sources (EtOH / 2 mM product stock solutions)



peak height - baseline

Reprocibility of UV of Segments Prepared by Diluting in Fluid Prep Module
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Mixing Test from Competing Fast and Ultrafast Chemistries*

Kl + KIO, + NaH,BO,

Poor mixing H*
Local excess of acid No local excess of acid

H,BO,
from fast from ultrafast
redox chemistry acid-base chemistry
(monitor at 353 nm) ( )
smaller
sighal =
AU AU _ better
I I S L ..
. mixing
t t

*Guichardon Chem. Eng. Sci. 2000, 55, 4245
Ehrfeld et al Ind. Eng. Chem. Res. 1999, 38, 1075



injection loop

Primary flow

narrow UV/Vis

Syringe movement for  |iodate mixing detection
mixing flow independent tube at 353 nm
of primary flow (50 cm)

@ 300 uL segment, 0.030" id Tee, 50 cm mixing tube (variable id a and flow rate),

15 0.030" ss injection loop, 250 ul/min main flow

| Poor and uneven mixing
1.6 - /from 0.030" id tube at 10 uL/s
(Laminar flow)
1.4

Slightly better mixing
from 0.030" id tube at 15 uL/s

300 nL
segments

AU (353 nm)
~

Good even mixing
from 0.020" id tube at 15 uL/s
(closer to turbulent regime)
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Comparison of Narrow Tube and Static Mixers
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tortuous path  at 353 nm
static mixer



AU (353 nm)

Comparison of Narrow Tube and Static Mixers
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300 nL segments, faster mixing flow gives narrower segment here because measured before primary flow



Mixing Technology Comparison using lodate Test System
Lower Absorbance = Better Mixing
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Flow rate varied to control residence times
and maximize throughput (20-400 ni/min)
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UV traces of heart cuts of reaction segments with different residence times and temp’s
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Reaction temp (C)
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Variation of NaOH Stoichiometry

In situ yield
mono adduct

)J\/\Ph

*Response factor

not measured

again with new
optical fiber so in

situ yields may

have a
systematic error
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>
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Residence | Reaction Equiv of AU at In situ yield mono
time (min) | temp (°C) | NaOH 200 nm adduct (%)*
6 50 1500 0.342 41
6 50 1000 0.315 37
6 50 500 0.207 25
12 50 1500 0.523 62
12 50 1000 0.480 57
12 50 500 0.311 37




Targeted throughput 100-300 Rxns per Day Depending on Residence Time
20 480

18 432

1 Cassette, Standard segment spacing
4-100 min R.T.
16 384

1 Cassette, Reduced spacing 336

2 Cassettes, Standard spacing
8-200 minR.T. 288
2 Cassettes, Reduced spacing 240
3 Cassettes, Standard spacing
12-300 minR.T. 192
3 Cassettes,
6 Reduced spacing 144

=
N

=
N

Reactions per Hour
[N
(0] o

4 96
2 48
0 0

0 30 60 90 120 150 180 210 240 270 300

Residence Time (min)

AeQq Jad suonoeay



Demonstrated

 Discretely segmented flow

* 400 L total of up to four components

* Near square wave segments

 Very good mixing

» Test chemistry with expected response to
temperature, residence time, and stoichiometry

« Parallel-sequential operation

« UV/vis for proof of concept analysis

e Target 100-300 reactions per day

Next step

 LCMS and/or direct MS analysis of the heart cut of
each segment
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