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A Closer Look at the Meso Scale Accendo SystemThe Scales of Flow Chemistry and Continuous Process ing

Feed Module: Pump 
rates determine the 
residence time (rates 
from 10 µL/min to 600 
µL/min). Carrier solvents 

nano micro meso kilo lab pilot plant manufacturing

109 range in cross sectional areas, 1017 range in quantities involved Multi cm  µL/min). Carrier solvents 
are used to push the 
segments through the 
system.   

• Analytical HPLC scale channels
• Mixing becomes a question

• Simple Static Mixers

109 range in cross sectional areas, 1017 range in quantities involved<1µm channels
10-14 L

Biological Interface

Multi cm  
channels

103 L 

Analytical Interface : 
samples heart cut, dilutes, 
and injects onto the HPLC. 

• Simple Static Mixers
• Sophisticated Mixing Strategy

• Scale up v. Scale out 
• Scale up: offers macroscopic static mixers 
and can be enabled w/ batch kinetics
• Scale out: prevents need for scaling but 

• Multi µm channels
• Glass/Polymer Chips
• Complex processes on 1 chip
• Low Material Consumption
• Discovery Applications: 

- rapid synthesis of 11C and Technology exists for 
Reactor Module:
-15ºC to 300ºC, 
2 mL or 10 mL Hastelloy, 
PTFE, Copper tubing

• Scale out: prevents need for scaling but 
may increase complexity.

• Discovery Application: generate material (50 
mg- 10 g) and libraries
• Process Application: generate information 
(screening and optimization)

- rapid synthesis of 11C and
18F labeled drug candidates 
for PET imaging1

- Direct organic synthesis �
biology flow connection

Technology exists for 
material generation (H-
Cube, R4).  Gap exists 
for automated library 

generation or automated PTFE, Copper tubing

Fluid Preparation Module: Prepares 250 µL – 400 Different engineering solutions required for a wide  breadth of pharmaceutical applications

generation or automated 
screening.

Fluid Preparation Module: Prepares 250 µL – 400 
µL segments for reactor, temp from -15oC to 50oC, 
caps segments with helium spacers

Different engineering solutions required for a wide  breadth of pharmaceutical applications

1. Ronald Nutt, LabAutomation2007, Palm Springs, California, January 30, 2007.
2. General Review: Mason, Price, Steinbacher, Bogdan, McQuade Chem. Rev. 2007, 107, 2300. 1 2

Reactor Module: Controlled HeatingPreparation and Injection of Reactions 
in Accendo Flow System injection loop

Fluid Prep Module: Optimizing Mixing
in Accendo Flow System

Feed
(working solvent)

Fluid Prep
Draw from up to 4 
of 36 source vials

350

Primary flow

UV/vis
detection

of I3-

injection loop

narrow
mixing
tube
(50 cm)

iodate

acid
(working solvent)

valve Discrete segments 
inserted and maintained mix
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Poor and uneven mixing 
from 0.030" id tube at 10 uL/s

(50 cm)acid

Vial inserted and maintained 
as square waves in
main flow with Helium 
spacers
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Slightly better mixing 
from 0.030" id tube at 15 uL/s

(Laminar flow)
I3- from poor 

mixing

Vial 
Swirl 
Mix

Reactor
(heat or cool)

Flow rate for mixing independent of 
flow rate for residence time.
Fast linear flow velocity for mixing 
and slow linear flow velocity for 
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Good even mixing 
from 0.020" id tube at 15 uL/s
(closer to turbulent regime)

Fast mixing

Vial 
rapid 
Mixand slow linear flow velocity for 

longer residence times

Analytics or sample collection

0

0 10 20 30 40 50 60 70 80 90 100 110

time (min)

Temperature Monitoring and Thermal Effects of Microwave:Experiment Setup: 300 uL segment, 0.030" id Tee, 50 cm mixing tube (variable id a 

0

0.2
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Time (s)

Fast mixing

3 5

Temperature Monitoring and Thermal Effects of Microwave:
Herrero, Kremsner, Kappe J. Org. Chem. 2008, 73, 36

Experiment Setup: 300 uL segment, 0.030" id Tee, 50 cm mixing tube (variable id a 
and flow rate), 0.030" ss injection loop, 250 ul/min primary flow 

4
Cf. Guichardon Chem. Eng. Sci. 2000, 55, 4245.  Ehrfeld et al Ind. Eng. Chem. Res. 1999, 38, 1075

ArCl

Overall Library Success Increases with 
Temperature Screening

Optimization for LibrariesOptimizing a Reaction via DOE 
Boc

mAU

2500

 DAD1 A, Sig=254,2 Ref=off (N70809B\DOEACC 2007-08-09 18-43-11\001-0101.D)
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m nl LCMS 
AnalysisDesign:

• 3 Level 2 Factor Design
- Temp – 100, 150, 200 � C
- Equivalents of Amine – 1, 2, 3 equiv. 

N
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Time= final segment exit + heat + segment 
150� C - 42% 200°C - 61%

Initial Temp
250°C - 22%pass fail

DOEPrepare sample of each library 
member via repetitive segments.

- Equivalents of Amine – 1, 2, 3 equiv. 
- 3 Center Points

Reaction Set-up
• 2 stock solutions
• 11 Reactions, 13-20 mg each, 250 µL 

Time= final segment exit + heat + segment 
prep + first segment rxn time Heat= ~5 min

ArNR2
TL THTi

L H HL

Vary prescribed reaction 
parameters around initial 

DOE allows for greater percentage of 
successful library elements and 

easier purification than batch arrays.

• 11 Reactions, 13-20 mg each, 250 µL 
volume

• Total Substrate use = 184 mg
• Total Time = 116 minutes

Results:

in-situ Yield by 254 nm 
HPLC/MS Analysis Overall Library Success Rate : 88%

L H
parameters around initial 

conditions. Predict 
optimal and repeat.

Results:
• Center points are highly reproducible: 

35.38%, 35.41%, and 35.07%
• High level of both equivalents of amine 

and temperature provided the best 
yield. 7

HPLC/MS Analysisyield. 6 7 8

Distinct Features
• Discretely segmented flow
• 200-400 mL total of up to four precisely metered components
• Very good mixing

Microwaves in Synthesis

Br
NH2

O
HOAc 
Mol. Wt.: 60.05

H

Michael Addition Reaction (Non-metal) Suzuki Couplin g (Metal Catalyzed)

Microwave Reactions in Flow

• Very good mixing
• Excellent temperature control -10 to 300°C
• Parallel-sequential operation targeting 100-300 reactions / day
• HPLC / mass spec interface
• DOE interface

Late Development
and

Manufacturing

Early Development:
Direct Scaleup?
eg. stopped flow 

Discovery:
Extensive and 

increasing ? ?

Br B(OH)2

DBU, H2O, EtOH

0.8%  Pd(OAc)2

NH2

O
Me

Mol. Wt.: 60.05
d=1.049 g/ mL H

N
CO2Me

• DOE interface

Planned Applications
• Reaction screening with small amounts of material,

Manufacturing
eg. stopped flow 

microwave
increasing

use of microwave
? ?

Microwave Effect?

Reactivity trends 
are similar

• Reaction screening with small amounts of material,
• Broader screens than possible by hand or workable by HT 

batch for high risk / high value approaches, e.g. 1000’s of 
reactions from 10’s of vials in 10’s of days

• Auto-optimization

Conventional
Superheating

Screen

Microwave Effect?
Recent literature 
suggests the only 
microwave effects 
are thermal. • Auto-optimization

• Screening superheated reactions (cf. microwaves)

Goal: Explore known microwave chemistry using the Accendo flow system 
both with and without metal catalysis for comparison. 

in Flow
Scale

are thermal.
Conversion

7% 82%

Data Source

34% >95%

Note: 95% conversion estimated, starting material 
too small to integrate. All data shown is flow data 

Conversion

9 10 11

both with and without metal catalysis for comparison. 

1. Herrero, Kremsner, Kappe J. Org. Chem. 2008, 73, 36.
2. Dressen, van de Kruijs, Meuldijk, Vekemans, Hulshof OPRD 2007, 11, 865.
3. Leadbeater, Smith OBC 2007, 5, 2770.

Microwave Reference: Amore, Leadbeater, Miller, 
Schmink Tet. Lett. 2006, 47, 8583. 

Flow data (from Accendo), GCMS conv

Microwave data, NMR conv

Data Source too small to integrate. All data shown is flow data 
from the Accendo System (GCMS conversion).
The authors report 97% yield in 10 min at 150oC in 
the microwave.

Microwave Reference: Leadbeater 
and Smith. OBC, 2007, 5, 27709 10 113. Leadbeater, Smith OBC 2007, 5, 2770. Schmink Tet. Lett. 2006, 47, 8583. and Smith. OBC, 2007, 5, 2770


