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Workflow for Conjure/Continuous Processing
for Early Development at Wyeth
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Development of CONJURE as a continuous processing
screening tool: Slug Flow Screening vs. Continuous

. S >

Continuous flow:
*A steady state is reached in the reactor, then the output is sampled.
*Dilution may occur at the leading edge of a reaction plug.

*Only one segment active in a reactor at one time.

Spacer of He or Fluorous Solvent Spacer detector signals

autosampler when to collect
jié—'é-/: P> heart cut for LC/fractionation
I:T: >

Carrier Solvent

_ In-line LC/LCMS sample dilution and
Slug Flow: _ _ _ o injection/along with sample collection
*Each slug is pre-mixed using a static mixer.

*Multiple segments active inside the reactor at any one time..
*A spacer is employed to prohibit dilution at the leading edge and tailing edge of a
slug.

eInline sampling and fraction collector timing is done with the aid of an optical sensor
that detects the spacers, to avoid issues with slug expansion or contraction due to
temperature.
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Basic Description of Conjure:

Continuous Flow/Slug Flow Reactor, that can mix up to 4 components into a
slug as small as 150 uL.

Using a carrier solvent, a reaction ‘slug’ can be pushed through a 0.75 mm ID.
tube at any temperature between —20 °C to 300 C and up to 150 psi.

Each slug can be analyzed using and inline sampler that takes an aliquot of the
slug, dilutes and injects onto an Agilent 1100 HPLC.

Designed and built in collaboration with Pfizer and Accendo.
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Conjure vs. Microreactor: You only have one pipe.

Clogging/solubility is the biggest challenge with developing microreactor
chemistry.

Typical Microreactor diameter ~ 200 uM. Increasing the diameter of the tube
results in larger consumption of reagents.

Usage of slug flow technology results in reduced consumption of reagents
without expensive microfabrication.

Slugs that are less than the size of the reactor lessen the possibility of a clog
since the reactor is not full of precipitation causing reagents.
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System Overview:
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Basic Schematic: Slug Preparation Module
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Slug Preparation Module
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Sample Diluter
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Example Chemistry:

Propargyl ether cyclization at increasing temperatu re:
Diethylaniline (bp 217 °C) used as solvent : 10 min residence time

@ ~ 80-100 psi R,
AN
Ry
(@)
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0 280 °C
! \ 260 °C
240 °C
220 °C
200 °C

Wyeth

Research



Sonogashira Example: Screening 4 inputs

=
| 1) 0.02 eq Cul Rt |
Rl\_ _ N 0.01 eq PdC|2(PPh3)2 %
N )— o+ | R . N
THF, ag 1M NH5 | R

RT, 87%

Batch:

If solvents degassed reaction is fast.

Process scale reaction is typically aged for 8-12 hours to drive reaction to completion.
Heating is difficult due to presence of ammonia.

Copper-free conditions screened and found less effective.

Flow Issues:

Catalyst and Copper insoluble in all solvents tried.

At least 5 inputs and only 4 streams

Volatile Ammonia
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Sonogashira Screening Example:38 experiments 10 min  ute
residence time 2 temperatures

i
X = N
| P + Ro7y _
Rl/ '

Pd(OAC),(0.02 eq)

Triphenylphosphine(0.04 eq) 2y
DMF I
>

Base | X

Amount of Base  F

Copper Ry

Temperature

Flow Screening Example:
Stream 1. 1.1 eq of Acetylene + lodide + Triphenyl Phosphine dissolved in DMF(acetylene)

Stream 2: 2 different Copper amine complexes

Stream 3: 3 different bases + 2 different base amounts.Bases Screened: DABCO, Piperidine,
and Ammonium Hydroxide (DMF:Water solutions)

Stream 4: Pd(OAc), dissolved readily in DMF was added separately.

Screened: 3 coppers(no copper added) X 3 bases X 2 ratios of base X 2 Temperatures + 2
control replicates = 38 reactions
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Example chromatogram:

<« Reaction
solvent /

Pd(OAC),(0.02 eq)
Triphenylphosphine(0.04 eq) 2.
DMF I
= P

Base | N

Amount of Base o

Copper Ry

Temperature

Product

/

lodide
Phenylacetylene \

Triphenylphosphine
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Sonogashira Example

Experiment #
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Example Workflow: Base Catalyzed 1,3 Dipolar Cyclo

Screening workflow:

l Yes

Parallel
Batch
Screening

Flow Reaction
Screening
on Conjure

—>

A

A

Scale
Ready?

Early Scale Up
DOE studies
in AFRICA

v

addition

Multigram
Proof
of Concept
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Example Workflow: Base Catalyzed 1,3 Dipolar Cyclo

Solvent

EtOH
NMP
NMP

EtOH
DMF

EtOH
NMP
DMF

EtOH

©
Z Z Rz
EB// Ro Y
4 : Base f )
Y. N : > Y \ H
N o Solvent \‘ /
/ X
R3 /
R
Ry R1 8

Initial Model Chemistry Data
Base Temperature Time Prod LC Area% SM Solids?
KOTbu 33 52
KOTbu 40C 14 hr 73 17|yes
LIHMDS 40C 14 hr 70 0/no
LIHMDS 40C 15 min 70 O/no
LIHMDS 40C 14 hr 48 29 yes
LIHMDS 40C 14 hr 47 35 yes
NaOH 40C 15 min 100 0 no
NaOH 40 C 14 hr 11 77 yes
NaOH 40 C 14 hr 44 47 yes
Et3N 40C 14 hr 0 no
Et3N 40C 14 hr 0 no
Et3N 40 C 14 hr 0 no
Et3N 40 C 14 hr 0 no

addition
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Example workflow: Screening and Optimization

*Conjure screening data used to set up series of optimization runs in Syrris AFRICA
*Analysis using Design Expert Historical Data feature(enough information for unaliased
response surface model).

A:Time B:Temperautre ~ C:base  Dipolarophile conwersior starting azide

min deg eq eq
3 65 1.2 1.2 90.5 8.23
3 65 1.2 1.2 87.44 9.22
2 75 1.2 1.2 90.9 9.1
2 75 12 12 87.5 11
1 65 15 15 30 70
1 65 2 15 98 2
1 65 15 2 98 2
1 65 2 2 100 0
1 75 15 15 47 46
1 75 2 15 70 30
1 75 15 2 98 2
1 75 2 2 76 23
4 50 1.2 1.2 97 3
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Original Scale
Design-Expent® Software con%/ersion
Original Scale 100
conversion
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Example workflow: Screening and optimization to 1 mi
residence time.
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Complex multifactor interaction identified which is result of temperature and

base induced degredation of dipolarophile.

5g proof of concept run Isolated yield of 90%.
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