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Other reactors used for the investigations 

ThalesNano Inc. 
CatCart Changer™ and
H-Cube Autosampler™

ThalesNano Inc. 
Supercritical X-Cube™

ThalesNano Inc. 
H-Cube®

ThalesNano Inc. 
X-Cube™

ThalesNano Inc. 
X-Cube Flash™

ThalesNano Inc. 
O-Cube™

ThalesNano Inc. 
H-Cube Tutor™



H-Cube Autosampler™

Gilson 271 Liquid Handler
� 402 single Syringe pump (10 mL)
� Direct GX injector (Valco)
� Low-mount fraction collection (Bio-Chem)
� Septum-piercing needle
� Static drain wash station
� Tubes, connectors, fittings

Open vial collection
Collection through probe (into closed vial)



How does it work?

•The substrate is pushed out of the loop
into the H-Cube.

•It reacts on the H-Cube and the fraction
is collected

•Sample is injected into the loop

•Solvent is pumped through the valve 
into the H-Cube

The valve changes........



Production of a primary amine library with no 
protection/deprotection

Conditions:

10% Pd/C
Methanol, 1 bar (Full H2 mode), 30 ºC
Injection time: 6 min/25 mg
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Result:

50 compounds/ 5 hours
LC-MS purity above 90%, 
without purification in most cases



Model Library
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Sauer, D. R., Recent advances in high-throughput organic synthesis for drug discovery, Application of Modern Tools in Organic Synthesis, Edinburgh University Summer Program Edinburgh, July 24-
26, 2007
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R1 = H, R2 = Cl

R1 = Cl, R2 = H

6 examples
95% - Quant.

R = Cl, dehalogenation

Pd/C

Full H2

60°C

5-10 mg/mL

EtOAc/EtOH

Ra-Ni

Full H2

30°C

5-10 mg/mL

EtOAc/EtOH

Quantitative



Abbott automated debenzylation

Clapham, B., Wilson, N.S., Mischmerhuizen, M.J., Blanchard, D.P., Dingle, 
D.M., Nemcek, T.A., Pan, J.Y., Sauer, D.R., J. Comb. Chem., 2008, 10, 
88-93



CatCart Changer™ with H-Cube™

• Line can be directed between
6 catalysts

• Individually changeable 
temperature

• Software control

• No stop between changes

• Rapid optimization



Catalyst screening

Parameter scanning: effect of residence time to the 
conversion and selectivity
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Conditions: 70 bar, EtOH, 25°C

Selective aromatic nitroreduction in
presence of bromo substituent

Increase and decrease of 
residence time on the catalyst 
cannot be performed in batch



The H-Cube Midi
Hydrogenation Scale up 

Reactor



Time (years) – traditional route
0 4 8 15

Chemical Genomics / Proteomics

Protein Expression

Library 
Development

Assay Development and Screening 

Lead Optimization and 
Medicinal Chemistry

Chemoinformatics and Associated IT

ADME/Tox

Discovery Stream                    IND

Scale up at post-drug discovery

Target 
Validation

Target 
Identification

Lead
Generation .

Pre-
clinical

Lead
Optimizatio

Clinical 
Phase 1

Clinical 
PhaseII

Clinical 
PhaseIII

Registered
Drug

Product
Launch

� Fast scale up after lead 
optimization: mg to kg

� Synthesis is usually 5-20 steps

� Reengineering the synthesis 
route is necessary

� Time is critical factor



Flow Scale up Advantages

Problems associated with Batch Scale up
� Time consuming-new optimzation
� Handling of hazardous reagents and/or solvents
� Catalyst handling is problematic 
� Temperature control
� Reaction with materials of batch reactors
� Gas production
� Reproduction

H-Cube Midi Flow Scale up
� Low amount of optimzation
� Reproducibility-no unexpected side reactions
� High level of temperature control
� Hazardous chemicals reacted in small amounts 

continuously
� Gas production not a problem-system not sealed
� Parameters, such as Time, vs Cost, can be 

selected flexibly based on the project need and 
status

Aldoxim reduction
Aldehyde reduction
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Scale-up from mg to Kg in one day

H-Cube® H-Cube Midi™

Old method in batch

6-8 weeks

One day



System overview of the H-Cube Midi™

• 500 g product/24 hours
• Standard lab compatible
• Temperature: RT-150°C
• Pressure: 1 bar- 100 bar
• Flow Rate: 3 -25 mL/min
• In-situ hydrogen generation
•Built-in pump with software
control
• Two-step heating
• Easy control using the touch
screen



H-Cube Midi™

Pump

Mixer Unit

Touch Screen Panel

Outlet Bubble
Detector

System Pressure
Sensor

System Pressure
Valve

Outlet Valve
Switch Inlet Valve Switch

Inlet Pressure Sensor

Inlet Bubble Detector

Heating Unit With MidiCart™

Exchangable for different CC

Heat Exchanger Preheating Unit



Scale-up of cartridge

CatCart® for the H-Cube®

MidiCart™ for the H-Cube Midi™ 90 × 9,5 mm

90 x 14 mm

90 x 22 mm

30 × 4 mm



Optimization Procedure

• Optimize reaction on small scale on H-Cube

• Take temperature and pressure and apply it to Midi
• Start with 0.15M and 10mL/min flow rate

• Take first sample and then increase flow rate 
during reactions.

• Go back to original flow rate and increase 
temperature and/or pressure by 20ºC or 20 bar 
and increase flow rates.

• All parameters can be increased on the fly!

• Reactions may be optimized in less than 1 hour!



Protocol conversion from H-Cube® to H-Cube Midi™
Examples from an industrial partner

Conditions  H-Cube® 
(1) 

H-Cube Midi ™ 
(1) 

H-Cube® 
(2) 

H-Cube Midi ™ 
(2) 

H-Cube® 
(3) 

H-Cube Midi™  
(3) 

 
Catalyst 

20% 
Pd(OH)2/C 

20% 
Pd(OH)2/C 

 
Raney Ni 

 
Raney Ni 

 
Raney Ni 

 
Raney Ni 

Temperature 
(0C) 

60 60 60 60 60 60 

Pressure  
(bar) 

50 50 50 50 50 50 

Flow  rate 
(mL/min) 

1 12 1 12 1 7 

Concentration 
(M) 

0.05 0.15 0.05 0.15 0.05 0.15 

Conversion 
(%) 

100 100 100 100 100 100 

Production r ate 
(g/hour) 

0.3 10 0.3 10 0.5 10 

 

1. 2.

3.



Scale up from H-Cube® to H-Cube Midi™

Reaction H-Cube® H-Cube Midi
Catalyst

C (M)
Flow rate (mL/min)

T (°C)
p (bar)

Conversion(%)
Selectivity(%)

RaNi
0.05

1
80
80
100
90

RaNi
0.05
25
80
80

82

Catalyst
C (M)

Flow rate (mL/min)
T (°C)
p (bar)

Conversion(%)
Yield(%)

10% Pd/C

0.05
1
25
30
100
99

10% Pd/C
0.05
10
30
70
100
99

Catalyst
C (M)

Flow rate (mL/min)
T (°C)
p (bar)

Yield(%)

RaNi
0.05

1
80
70
74

10% Pd/C+quarz
0.4
5
90
50
10

Catalyst
C (M)

Flow rate (mL/min)
T (°C)
p (bar)

Conversion(%)
Yield(%)

5% Pd/C
0.1
2
70
70
100

10% Pd/C
0.05
30
30
30

90

N

OH
NH2

N
HO2N

N
HH2N

N
NH2

NO2

HO

O

NH2

HO

O



Scale up from H-Cube® to H-Cube Midi™on RaNi

Reaction H-Cube® H-Cube Midi Remark

Solvent
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 
Selectivity (%) 

hexane
0.1 
1

20
1 

14 
100

Hexane
0.1
10
25
10

112
90

100

NMR Purity: 94%

Solvent 
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 

EtOH
0.05 

1 
80 
60 
8.4 
100

EtOH
0.1 
10 
80 
60 
68 

100

Selectivity (LC):
71 %: 

29 %:

Solvent 
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 

i-propanol
0.1 
1 

80
30
4.2
100

i-propanol
0.2
10
80
30
31

100

Selectivity (LC): 
1: 32 %            3: 6 %
2: 31 %           4: 31%

Solvent 
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 

Selectivity(%) 

EtOAc
0.05

1
25
1

14
100
30

EtOAc
0.1
10
25
10

112
80

100

NMR Purity: 80%

Result of 5 repetitions:
Avarage conv.: 79 %
Deviation: ±5 % 
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Scale up from H-Cube® to H-Cube Midi™on 5% Pd/C I.

Reaction H-Cube® H-Cube Midi Remark

Solvent 
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 

Selectivity(%) 

EtOAc
0.05

1
100
100
14
95

EtOAc
0.1
10

100
100
112
100
100

NMR purity: 90%

Solvent 
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 

Selectivity(%) 

EtOAc
0.05

1
40
1

14
100
100

EtOAc
0.1
10

100
100
112
100
100

Solvent 
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 

EtOAc
0.05

1
70
50
7

100

EtOAc
0.1
10
70
50
56

100

Selectivity (LC):

94 %: 
6 %:

Solvent 
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 

Selectivity 

EtOAc
0.05

1
40
100
14
100
100

EtOAc
0.1
10
40
50
56

100
100

NMR purity: 100%

NO2 NH2

O O
O

OH

O
O

O

O

O
O

O

O

NMR purity: 
98%



Scale up from H-Cube® to H-Cube Midi™on 5% Pd/C II.

Reaction H-Cube® H-Cube Midi Main/side product

Solvent 
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 

Selectivity(%) 

EtOAc
0.05

1
100
100

-
100
96

EtOAc
0.1
10

100
100
112
100
96

Selectivity (LC):

96 %: 

4 %:

Solvent 
C (M) 

Flow rate(ml/min)  
T (°C) 
p (bar) 

H2 production(ml/min) 
Conversion (%) 

Selectivity(%) 

EtOAc
0.05

1
40
100

-
100
100

EtOAc
0.1
10
40

100
112
100
100

NMR purity: 98%

OH

OH

OH

NMR purity: 97%



Capacity comparision  in Batch and H-Cube Midi™

15 min 2 min

0.003 mol (543 mg) compound was reduced in 

Batch reactor H-Cube Midi ™

c= 0.2 M 
Vsolution=7 L 

t= 10 h

Purity: 100 %
Analysed by LCMS

Reaction parameter

360 mg  5% Pd/C catalyst 2.43 g 5% Pd/C

0.05 C (M) 0.15 

30 (60 cm3) T (°C) 70

20 p (bar) 70

Flow rate (mL/min) 10

Conversion (%) 100

Selectivity (%) 100

85 Yield (%) 89

NO2

OCH3O

NH2

OCH3O

H2



Protocol conversion from Batch toward H-Cube® to H-Cube Midi™:
Quinoxaline reductions

N

N

N
H

H
N

*Application of Modern Tools in Organic Synthesis Edinburgh University Summer Program 
sponsored by Biotage; Edinburgh 24th - 26th July, 2007 Recent Advances in High-Throughput Organic Synthesis for 
Drug Discovery by Dr. Daryl R. Sauer, Abbott Laboratories

Batch reaction in Autoclave H-Cube®* H-Cube Midi™

Catalyst
Solvent

C (M)
Flow rate (mL/min)

T (°C)
p (bar)

Conversion(%)
Selectivity(%)

20% Pd(OH)2/C
EtOH
0.7
-

60
20
4.7
100

20% Pd(OH)2/C
EtOH
0.01
0.3
60
1

99
100

20% Pd(OH)2/C
EtOH

0.2-0.4
2-20
100
30

50 g in 6 hours

Abbott H-Cube®: 50 g/week



Scale-up selective hydrogenation with H-Cube Midi™
after developing the small-scale protocol in H-Cube®

NO2

Br

NH2

Br

+

NH2

By-product

Reaction 
parameters

H-Cube Midi™

Catalyst
Solvent

C (M)
Flow rate (mL/min)

T (°C)
p (bar)

Conversion(%)
Selectivity(%)

5% Rh/C
MeOH
0.05
25
30
70
93
100

C
onversion (%

)

Flow rate (mL/min)

0.
02

 M
0.

05
 M

0.
10

 M
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Protocol conversion from H-Cube® to H-Cube Midi™
Selective reduction of bromonitrobenzene to bromoanilin

H-Cube® H-Cube Midi™

autoclave: 0%, selectivity: 100%, byproduct (1h, 25°C, 20 bar, 5% Rh/C)

Conditions

� T= 30 °C

� p=70 bar

� Catalyst: 5% Rh/C
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Conditions

� T= 30 °C

� p=70 bar

� Catalyst: 5% Rh/C
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Highly Efficient 
Aminocarbonylation via 
the Introduction of 
Carbon Monoxide into a 
Pressurized Continuous-
Flow Reactor

Zsolt Ötvös , ThalesNano



Carbonylation reactions using CO



two heatable 
CatCart® holder

bubble detector

gas from an 
external source

six way valve for 
manual injection

built in HPLC 
pumps

touch screen 
panel

system pressure 
valve

system pressure 
sensor

gas inlet valve

inlet pressure 
sensor

liquid mixer

X-Cube™ overview

gas/liquid mixer

secondary mixer

E
xt

er
na

l g
as

 s
ou

rc
e

General purpose flow reactor for reaction in liquid or gas liquid phase, with optional 
heterogeneous catalysts, immobilized reagents and scavengers
Can be operated up to 200°C and 150 bar. 



Model reaction chosen:

I

OH

O
CO

N
H

OH

O

N

O++
X-CUBE

Model reaction: dicarboxylic acid monoamides
through direct aminocarbonylation

Rapid, and versatile optimization including 
the following parameters

-Catalyst
-Solvent
-Base
-Temperature
-Pressure
-Flow rate

Very few literature precedents* for direct formatio n

*F. Karimi, B. Langström,  Eur. J. Org. Chem. 2003, 2132-2137 in microautoclave (200 microL) introducing  
11C as radioactive tracer for PET



Multistep procedures to dicarboxylic acid monoamides

Traditional batch synthesis: multi-step  sequence *

*References:
Ogawa et. al  J. Am. Chem. Soc. 1985, 107,  1365-1369.
Jamel et al J. Indian Chem. Soc. 1998, 75, 439-442.
Konosonoks et al, J. Org. Chem. 2005, 7, 2763- 2770.
Holba et al, Collect. Czech. Chem. Commun. 1980, 45, 1, 255-262.
Jarho et al, J. Med. Chem. 2005, 15,  4772 – 4782.
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Selective reaction required



Turning to flow chemistry
Rapid optimization: the solvent and base

Base Conversion (%)*

NMPY 68

TEA 83

DABCO 47

DBU 0

DMAP 44

EDIPA 33

Solvent: THF, 1,4-dioxane, acetone, acetonitrile, 
ethanol-water (solubility order)

*Conversion to 4-(pyrrolidine-1-carbonyl) 
benzoic acid

N-Methyl-Pyrrolidine (NMPY)
Triethylamine (TEA) 
1,4-Diazabicylo(2.2.0)octane  (DABCO)
1,8-Diazabicyclo(5.4.0)-undec-7-ene (DBU) 
N-Ethyl-diisopropylamine (EDIPA),
2-Dimethylaminopyridine (DMAP)

Reaction conditions: 0.01 M of 4-iodobenzoic acid in 20 
mL of  THF, 1.5 eq. of pyrrolidine, 2.0 eq. TEA, 0.4  g 
Pd(TPP)4 catalyst (CatCart®), 30 bar, 0.5 mL/min flow 
rate 

Rapid optimization: solvent and base

I

OH

O
CO

N
H

OH

O

N

O++
X-CUBE



Turning to flow chemistry: 
it makes direct aminocarbonylation easy

Catalyst Conversion (%)

Pd(TPP)4 83

FiberCat® 1001 25

FiberCat® 1007 9

PdEnCat™ TPP 30 20

PdEnCat™ 30 2

Pd(TPP)4 Tetrakis(triphenylphosphine)palladium(0) 
(polymer supported) (loading: 0.5-0.9 mmol Pd/g, 
PS cr. w/ PVB)

FibreCat® 1001: Pd(OAc)2/TPP on polymeric fiber 
(Pd content: 6 %)

FibreCat® 1007: Pd(OAc)2/tri-cyclohexylphosphine 
on polymeric fiber (Pd content: 1-10 %)

Pd EnCat™ TPP 30: microencapsulated Pd(TPP)4

Pd EnCat™ 30: microencapsulated Pd(OAc)2
(loading: 0.4 mmol Pd/g, crosslinked polyurea
matrix)

Rapid optimization: catalysts

FiberCat® is registered trademark of Johnson Matthey, Inc.

EnCat™ is trademark of Reaxa, Ltd. 

*Conversion to 4-(pyrrolidine-1-carbonyl) benzoic acid

Reaction conditions: 0.01 M of 4-iodobenzoic acid in 20 
mL of  THF, 1.5 eq. of pyrrolidine, 2.0 eq. TEA, 30 bar, 
0.5 mL/min flow rate 



Reaction optimization: temperature (20-100°C)

I

OH

O
CO

N
H

OH

O

N

O++
X-CUBE

Reaction conditions: 0.01 M of 4-iodobenzoic acid in 20 mL of  
THF, 1.5 eq. of pyrrolidine, 2.0 eq. TEA, 0.4 g Pd(TPP)4
catalyst (CatCart®), 30 bar, 0.5 mL/min flow rate 



Reaction optimization: Pressure (10-70 bar)

I

OH

O
CO

N
H

OH

O

N

O++
X-CUBE

Reaction conditions: 0.01 M of 4-iodobenzoic acid in 20 mL of  
THF,  1.5 eq. of pyrrolidine, 2.0 eq. TEA, 0.4 g Pd(TPP)4 catalyst  
(CatCart®), 100 °C , 0.5 mL/min flow rate



Comparison of continuous process flow, batch and MW conditions 
(in house experiments) 

Method Conversion a (%) Product ratio b (%) Comment

Autoclave - CO;
100°C, 30 bar

22 36 Sampling after 30 min.

60 20 Reaction time: 60 min.

Balloon - CO;
68°C (THF bp.); atm.

35 54 Sampling after 30 min.

69 75 Reaction time: 60 min.

Microwave - Mo(CO)6; 
100°C, overpressure

72 65 Reaction time: 60 min.

Flow - CO; 
100°C, 30 bar 96 83

Reaction time (i.e. 
residence time) was

1 minC.

a Conversion to all new compounds. b % of desired product (4-(pyrrolidine-1-carbonyl)-benzoic acid).

c Details: 4-iodobenzoic acid (1 mmol, 0.248 g), pyrrolidine (1.5 mmol, 124 � L), and triethylamine
(2 mmol, 278 � L) dissolved in 50 mL of THF. Product:  4-(pyrrolidine-1-carbonyl)benzoic acid (0.177 g). 
Flow rate: 0.5 mL/min, 0.4 g Pd(TPP)4 catalyst (CatCart®)

Csajági, Cs., Borcsek, B., Niesz, K., Kovács, I., Székelyhidi, Zs., Bajkó, Z., Ürge, L., Darvas, F., OL, 2008, 10(8), 1589-1592.
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Synthesis of a compound library

OH

O

I,Br

+ NH

R1

R2

+ CO

Supported Pd catalyst
THF, TEA (2 equiv)

100 °C, 30 bar
X-CubeTM reactor

OH

O

N

O

R2

R1



Further examples for carbonylation in X-Cube™

Aminocarbonylation of iodoanisole

O

I N
H

CO O

N

O

+
X-CubeTM

Pd(TPP)4

+

30 bar, 90°C, n-BuOH, 0.5 mL/min,
0.05 M (iodoanisole), TEA
Catalyst: polymer supported Pd(TPP) 4
Conversion: 100 %, Yield: 95 %
Purity: 95% (LCMS)

30 bar, 120°C, 1 mL/min, THF, 
0.1 M (iodoanisole), TEA
Catalyst: polymer supported Pd(TPP) 4
Conversion: 100 %, Yield: 97 %
Purity: 97% (after 1x extraction )

Conditions:

Ester formation

Batch reference:
F. Karimi, B. Langström,  Eur. J. Org. Chem.
2003, 2132-2137 in microautoclave (200 microL)

Batch reference for Me-ester:
6.8 bar, 105 °C, MeOH, TEA, 5 h, Yield: 90 %, 
Cat.: PAMAM-dendrimer (PPh 2)PdMe2
Kang et al, J. Chem. Soc. P1 , 1998, 841-842



Conclusion: scope and limitations

§ CO is a traditional and traceless source of carbonyl 
groups with high atom economy

§ Enhanced Safety: 
• eliminates the disadvantages of using highly toxic metal (e.g. 

molybdenum) carbonyl reagents, 
• low CO volume required in flow reactors (sealed system)

§ The aminocarbonylation in continuous flow works well 
with iodobenzoic acid isomers and relatively reactive 
amines (for example, pyrrolidine, benzylamine, and 
cyclohexylamine)

§ Bromonicotinic acids and iodobenzoic acids with bulky 
amines or amines of low reactivity (tert-butylamine
and 4-nitrophenylpiperazine) resulted in lower 
conversion and yield.



Conclusion: general

§ Flow chemistry provides higher selectivity and conversion 
within a shorter time than conventional batch and MW 
processes

§ The short reaction time allows to perform a large number of 
optimization reactions

§ Solvents can be overheated
§ Flow chemistry provides solution for easy scale up for 

preparation of aminocarbonyl compounds. 
§ The continuous process may offer a viable alternative for 

the currently utilized batch and MW-assisted carbonylation



X-Cube Flash™
Examples of high pressure, 
high temperature chemistry  



Supercritical state

10-5-610-310-1Diffusivity

(cm2/s)

10-310-410-5Viscosity
(Pa s)

10,1-0,510-3Density

(g/cm3)

LiquidSCFGasProperty

Solvent Tcrit (°C, K) p crit 

Propane 97°C (369.9 K) 42.5 bar

Ammonia 132.4°C (425.1 K) 112.8 bar

Butane 152°C (647 K) 38.0 bar

Butane-2-ol 233°C (512.5 K) 39.7 bar

Propane-2-ol 235.5°C (514 K) 47.6 bar

Metanol 239.4°C (506.2 K) 80.8 bar

Etanol 240.9°C (508.6 K) 61.4 bar

Water 374°C (405.5 K) 220.6 bar



X-Cube Flash™

Operating under high pressure and 
temperature

• Pressure up to 200 bar

•Temperature up to 350°C

Operating Under Supercritical 
Conditions

•Controlled by Ultra Mobile PC software

Flow rate up to 9.99 mL/min

Changeable Size of Reaction Zone: 4, 8, 
16 mL



X-Cube Flash™

Dual Pump and Injection System

Changeable
Heater Block

UMPC – Operation System

Back 
Pressure
Regulator

Outlet Tube



Conversion: 100% (GC-MS)

Purity: >99 % (GC-MS)

Batch reference:
Parameters in MW-tubular flow reactor: Amberlyst-15, sulfuric acid, 130 ° C, 7 bar, 16.7 mL/min.

Benzoic acid esterification with SC ethanol :

Esterification

OH

O

+ OH

O

O

SC

300°C, 200 bar,1 ml/min., 8 ml loop, without catalyst

UNDER SUPERCRITICAL CONDITIONS

X-Cube Flash™

Batch reference:

Pipus, G.; Plazl, I.; Koloini, T.; Chemical Engineering Journal.; EN; 76; 2000; 239-245



Conversion: 100% (GC-MS)

Purity: >99 % (GC-MS)

Batch Reference: Bu3P=(CO2Me)2 in toluene, 70° C, 24 h, yield: 70%

Benzoic acid esterification with SC methanol :

250°C, 200 bar, 2 mL/min., loop: 8 mL without catalyst

UNDER SUPERCRITICAL CONDITIONS

X-Cube Flash™
OH

O

+
H3C

OH

O

O

SC

Batch reference

McNulty, J.; Capretta, A.; Laritchev, V.; Dyck, J.; Robertson, A. J.; J. Org. Chem.; 2003; 68(4); 1597-
1600. 

Esterification

Dimethylmalonyltrialkylphosphoranes



Alkylation

H
N

MeOH

N

Reaction Conditions: 300 °C, 200 bar, 0.5 mL/min; 4 mL loop
50% Conversion (GC-MS)
100% Selectivity (GC-MS)

UNDER SUPERCRITICAL CONDITIONS

Cl

+
H3C

OH

O

SC

Reaction Conditions*: 300 °C, 200 bar, 1 ml/min; 8 m L loop
100% Conversion (GC-MS)

>99 % Purity (GC-MS)
UNDER SUPERCRITICAL CONDITIONS

*Reference: J. Org. Chem.; 1981; 46; 2; 265-
267; NaOMe; MeOH; 24h; reflux; Yield: 67%



Fragmentation

H2O + THF

Reaction Conditions: 350 °C, 200 bar, 1 ml/min; 4 mL loop: c = 0.1 M
50% Conversion (GC-MS)
100% Selectivity (GC-MS)

N

OH

acetonitrile
N

Reaction Conditions: 350 °C, 200 bar, 1 ml/min; 4 mL loop, c = 0.1 M
100% Conversion (GC-MS)

>99% Purity (GC-MS)

O

O O

MeOH

O

Reaction Conditions: 350 °C, 200 bar, 0.5 ml/min; 4 mL loop, c = 0.1 M
100% Conversion (GC-MS)

>99 % Purity (GC-MS)

Under
Supercritical
Conditions

Under
Supercritical
Conditions



Diels-Alder reaction

Loupy, A. et al, Tetrahedron, 2004, 60, 1683-1691

Activation Medium T / °C t / h Yield / % Products 

Toluene 250 24 60 1-a:1-b = 
65:35 

No solvent 150 3 19 1-a 
Extended 
heating 

No solvent 150 24 44 (40) 1-a 
Microwave No solvent 150 3 64 (62) 1-a 

 

Using X-Cube Flash™: 350°C, 1 mL/min, c = 0.1 M (MeOH ), 
8 min residence time, 80 bar
98% conversion, 100% selectivity: 1-a

Batch references:



Pyrazole synthesis

HN
NH2

O

O O

N

N
O

+ Unknown compound

c = 0.05 M
Solvent = MeOH

Flow rate 
(ml/min) 

T (°C) p (bar) Conversion 
(%) 

Selectivity 
(%) 

1 200 200 100 70 

0.5 200 200 100 75 

0.5 250 200 100 80 

1 250 200 100 72 

1 300 200 100 69 

0.5 300 200 100 64 

0.5 350 200 100 65 

1 350 200 100 54 

 

Yield: 
75%

Under
Super
crit. 

Cond.

Batch reference:

136 mmol of starting 
materials in glacial acetic
acid was quantitatively
reacted at reflux for 3 - 4 h

In X-Cube Flash™: 

After 3 h: 3.38 mol

DeRuiter, J. et al.; J. Heterocyclic Chem., 1987, 24, 149-153



Paal-Knorr synthesis

O

O

+
NH2

N O N
H

+

1. 2.

c = 0.05 M
Solvent = Acetic acid

Flow rate 
(ml/min) 

T (°C) p (bar) 
Conversion 

(%) 
Selectivity  

1. (%) 
Selectivity 

 2. (%) 

1 150 200 100 90 10 

1 170 200 100 80 20 

0.5 170 200 100 60 40 

 

Yield: 
92%

No batch 
reference



Pyrrole synthesis
 

Flow rate 
(ml/min) 

T (°C) p (bar) Conversion 
(%) 

Selectivity 
(%) 

1 75 200 0 0 

1 100 200 11 100 

1 150 200 70 100 

1 175 200 100 100 

1 200 200 100 89 

O

O

H2N NH2

S

N
H

+ unknown compound

1.c = 0.05 M
Solvent = Acetic acid (99%)

3 eq.

O

O

H2N NH2

O
H
N

3 equ.

AcOH

c = 0.05 M
Solvent = Acetic acid (99%)

 

Flow rate 
(ml/min) T (°C) p (bar) Conversion 

(%) 
Selectivity 

(%) 

1 175 200 100 100 

No batch 
reference



Thiophene synthesis

Lawesson reagent
Toluene

S

O

O

c = 0.05 M
Solvent: Toluene
Flow rate = 1 mL/min
T = 275°C
p = 200 bar
Conversion = 100%

Yield: 90%

Lawesson’s Reagent



FlowReact Database and
Reaction Optimization

Zsolt Gulyas, ComGrid



Flowreact™: search display



FlowReact system

On-line reaction database

Flow chemistry
Web access

Continuous update
Data resources

� THS reaction
� Scientific literature
� Plan: reactions submitted by users

Flow chemistry knowledge base and forum



Nelder-Mead algorithm

Advantages
• Widely approved
• Significant improvement in the first steps
• Easy to understand for chemists
• Very easy to implement on any platform

Results
• Optimal parameters in 5-10 steps
• Opportunity for quick scale-up



Case Study I.: Selective hydrogenation of Z-4-nitrophenol

O
O

O

NO2

OH

NH2



Case Study II: Isopropyation of aniline

80.60.2953010

81.7185709

75.41.380558

68.31.260707

67.20.9451006

70.51.465855

70.80.760754

56.51.240753

65.61.260502

60.30.740501

%ml/minCobar

Yield Flow RateTemperaturePressure

NH2

CH3

CH3

O

+

NH CH3

CH3

H2

10% Pd/C



Case Study III: Selective reduction of 3-iodo-nitrobenzene

711.485205

50.750604

530.775303

511.275602

261.250301

%ml/minCobar

Yield Flow RateTemperaturePressure

I

NO2

H2

5% Pt/C

I

NH2

The optimum found in 5 experiments



Case Study IV.: Hydrogenation of N-benzyl-3-pyrroline

N
N

H2

10 % Pd/C

780.4406512

801758011

790.16010010

770.8751009

700.8100858

760.695857

740.945706

731.525805

751.380704

790.740703

700.780302

721.340301

%ml/minCobar

Yield Flow RateTemperaturePressure

The initial simplex may produce approximate optimal results



Case Study V.: Reductive amination

R1

R2

O

+ NH2 Ar

R1

R2

NH

Ar

H2

Pd/C

200.810090

560.79070

300.810050

221.28060

150.75060

190.78030

71.25030

Yield
(%)

Flow
Rate

(ml/min)

T
(°C)

P (bar)



Thank you for your attention!

Any questions?


