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Overview

- Flow chemistry lab

- Carbohydrate dehydration in flow compared to        

stop flow microwave conditionsstop flow microwave conditions

- Medium-scale continuous flow hydrogenation       

of high-value fluorescence markers

- Automation-assisted optimization of reaction 

conditions

- Stereospecific hydrogenation of cyclic alkenes



Flow chemistry lab

- ThalesNano X-Cube

- ThalesNano H-Cube

- Gilson GX271 Autosampler- Gilson GX271 Autosampler

- ThalesNano X-Cube Flash

- CEM Voyager SF (stop flow 

microwave reactor)

- Syrris Africa (fully automated 

microreactor flow system)
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Carbohydrate dehydration

- Background: limited supply and recent price 

development of fossil oil sources

- Aim: synthetic pathway to allow for continuous - Aim: synthetic pathway to allow for continuous 

production of furan derivatives

Nature 2007, 447, 914-915



Carbohydrate dehydration

Proposed dehydration mechanism:

Carbohydr. Res. 1990, 199, 91-109



Carbohydrate dehydration

� X-Cube

� Quartz sand CatCart

� Starting material:

� Reaction Conditions:

� 150� C, 180� C, 200� C

� 0.2 - 0.6mL/min� Starting material:

• D-Glucose

• D-Fructose

• (1M in DMSO)

� Catalyst: 1N HCl

� SM:Cat = 10:1 �

effective 0.3% HCl

� 0.2 - 0.6mL/min

� Reactions compared 

to CEM Voyager SF:

� 100 - 220� C

� 30sec - 10min



Carbohydrate dehydration

X-Cube, D-Fructose, 0.3% HCl
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Carbohydrate dehydration

- Discover SF, D-Fructose, 0.3% HCl
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Carbohydrate dehydration

Discover SF, D-Fructose, 0.3% HCl
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Carbohydrate dehydration

X-Cube, D-Glucose, 0.3% HCl
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Carbohydrate dehydration

Voyager SF, D-Glucose, 0.3% HCl



Carbohydrate dehydration

Voyager SF, D-Glucose, 0.3% HCl

���

����

����

����

���
���

���
�	


	��
��


	��
�

���
�����

��
�
�����
���	��
�� ���
���������������� ��������� ���������������



Productivity calculation

Continuous (X-Cube) vs. semi-continuous process 

(Voyager SF)
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Medium scale CF hydrogenation

- Background: large amounts (~10g) of a high-value 

fluorescence marker needed

- Sigma-Aldrich price: € 106.50/10mg- Sigma-Aldrich price: € 106.50/10mg

- Selective derivatization of N-acetyl-neuraminic acid 

in a biological matrix (detection limit: 0.15pg)



Medium scale CF hydrogenation
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H-Cube, 10% Pd/C CatCart (30mm), EtOAc
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Medium scale CF hydrogenation

Selected reaction conditions:

- F: 1.0mL/min, T: 100� C, P: 100bar

- Concentration: 0.05M solution in EtOAc- Concentration: 0.05M solution in EtOAc

- Product yield: 92% after precipitation

- Product purity: > 97% (HPLC analysis)

- CatCart lifetime: no catalyst deactivation

but: deposits on inlet frit

- Product costs: < € 10 / 10mg
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Reaction optimization

Automation-assisted

+ Broad range of 

conditions screened

Algorithm-assisted

+ Highly effective 

optimizationconditions screened

+ Less user input 

necessary

+ Trend interpretation

- Starting material and 

solvent consumption

optimization

+ “Green“ optimization

- Much user input 

necessary

- License costs for 

optimization software



Reaction optimization

- Gilson GX271 Autosampler

and H-/X-Sampler software

- Standard series: 42 smp.- Standard series: 42 smp.

- Starting material: 50mg 

(50mL/0.01M)

- Solvent: 500mL

- Total run time: 8h

- User input: < 30min



Reaction optimization

- Flow rate: 0.5 / 1.0mL/min

0.1 3.0

- Temperature: 30 / 50 / 75 / 100� C

- Pressure: full H2 / 25 / 50 / 75 / 100bar

25.0 100.0

Full 
H2 100.0
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Stereoselective hydrogenation

- Solvent screening (EtOH, EtOAc, n-Hexane)

- Reaction condition screening (10% Pd/C)

- Determination of catalyst deactivation- Determination of catalyst deactivation

- Use of 5% Rh/C � results promising (cis-

selectivity)



Stereoselective hydrogenation

H-Cube, 10% Pd/C CatCart (30mm), 0.01M
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Stereoselective hydrogenation

H-Cube, 10% Pd/C CatCart (30mm), 0.01M, n-Hexane
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Stereoselective hydrogenation

H-Cube, 10% Pd/C CatCart (30mm), 0.01M, n-Hexane
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