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Syrris – Virtual 
Romanian Flow 
Chemistry Workshop

• Good morning, welcome to the virtual Romanian flow 
chemistry workshop.

• We’ll try our best to keep to time, if you have any questions 
please feel free to enter them in the “chat” function and well 
try to answer them all during the time we have.

Hosted in partnership with Analytic Laboratory



Syrris Ltd.

Syrris – An Introduction

• Founded in 2001 to advance new technologies in 
chemistry

• Syrris is the longest established flow chemistry 
company and the only company to address both the 
batch and flow chemistry markets

• Our customers include all of the top 20 
pharmaceutical companies and most leading 
academic institutions

• Headquartered in Royston (UK)
• 2 manufacturing sites (including Glass manufacturing)
• Global sales and support offices

Delivering leading flow and batch chemistry solutions



Syrris – part of the AGI group

• In Jan 2020, Syrris was acquired by Asahi Glassplant
Inc. (AG!)
– Headquarters in Japan
– Subsidiaries in UK and US

• AG! are the world leading glass technology company 
specialising in innovation in reactor technology

• Wonderful synergy between Syrris and AG! product 
ranges
– Highest performance and precision glass manufacturing 

(AGI)
– Easiest to use and superior designed systems (Syrris)

• AGI provides a complete range of high performance 
reactor, evaporation and filtration systems from lab 
scale to pilot scale

Filtration EvaporationConcentration Distillation QuartzReaction



What is Flow Chemistry –
Principles and Benefits
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The Traditional Chemistry Laboratory

~1950
~1920

2018

~1750

• To begin lets look at how we 
traditionally carry out chemistry
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Flow Chemistry
• Flow Chemistry is a synthetic technique 

which is complementary to traditional 
batch methods.

• Flow Chemistry is a tool for increasing 
the control of the key reaction 
parameters chemist use to selectively 
control their reaction pathways.

• By controlling factors such as 
temperature, mixing and stoichiometric 
ratio’s we can enhance the control of 
our reactions.

• We can use this control and selectivity 
for a wide range of applications and 
benefits



Batch vs Flow Techniques
Batch Chemistry

Key factors:
Concentration

Mixing
Temperature
Reaction time

Reagent A Reagent B

C
• Traditional way to perform chemistry

• Reagents are loaded into the reactor, 
mixed and left to react

• We might heat or cool the reactor

• The products is collected at the end, 
after the reaction has been completed 
and worked-up.

Heating

Cooling

Mixing

• When running batch reactions we need 
to consider:

• Reaction time, Reaction Temperature, 
Mixing, Concentration



Batch vs Flow Techniques

Flow Chemistry

Product

Key factors:
Residence Time 

(flow rates)
Mixing

Pressure
Temperature

Reagent A

Reagent B

Heating Cooling

Mixing

• Different way to perform chemistry

• Reagents streams are continuously 
pumped into the flow reactor.

• Reagents mix and the flow continues 
down a temperature controlled tube 
or pipe.

• The product leaves the reactor as a 
continuous stream.

• When running flow reactions we need to 
consider:

• Residence time (flow rates), Reaction 
Temperature, Mixing, Concentration and 
Pressure
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What is flow chemistry? • In flow chemistry, reagents are continuously 
pumped through the reactor and the product 
is continuously collected.

A

B

C

• Reagents A and B are of a known 
concentration

• Flow rates of Reagents A and B can be 
defined

• Mixing regime is constant

• Volume of Flow Reactor is constant

• We can control molar ratios of Reagents 
A and B precisely

• We can control residence time precisely

• We can control the throughput precisely

• We can control the Reaction 
Temperature precisely



• Faster reactions 
• Allows us to potentially increase reaction rates

Why Use Flow Chemistry?
• Safer reactions

• Allows us to potentially reduce associated hazards

• Reaction conditions not possible in batch:
• Creation of reactive intermediates and hazardous reagents in-situ

• Faster reaction optimisation
• It enables a fully automated, walk-away process

• Reactions are usually more selective

• Through the increased control of reaction parameters

• Scale up is easier in flow than batch
• Direct scale up from mg’s – kg’s

• Simple reaction work-up in flow

• Methods such as liquid-liquid extraction reduce the number of 
handling steps

• Easy integration of in-line reaction analysis
• Real-time feedback on reaction progression

Flow chemistry offers a range of benefits that 
are difficult to achieve by traditional synthetic 
techniques

A lot of the benefits of flow chemistry come 
the precise control of reaction parameters

• Fast serial library synthesis
• Automation allows the easy exploration of diverse chemical space



How do we initiate a chemical 
reaction?

• Chemical reactions are generally activated by either 
by heat or a chemical reagent

• One of the key advantages of flow chemistry is it’s 
easier to use some of the lesser used methods:

– Electrochemistry which uses electrons
– Photochemistry which uses light

• The has been an increasing trend in recent years to 
use both of these techniques in chemistry. This is 
sometimes called Reagentless chemistry

Reagent A Reagent B

C

Heating

Cooling

Mixing

Photons

Electro
ns



• Improved irradiation of the reaction 
• Flow reactors improve light transmission to reaction

Why Use Flow 
Photochemistry?

• Improved reaction scalability 
• Increasing light power enables more photons, increasing

reaction rates and increasing throughput

• Improved reproducibility  
• Controlled reaction exposure times with no over irradiation

• Improved reaction selectivity 
• Single wavelength LED light sources enable selectivity of 

reaction pathways

• Ability to perform multiphase chemistry 

• Small reactor design allows ability to use gases, crucial in 
photochemical application

• Increased safety
• Light proof reactors and power interlocks prevent exposure of 

user to high intensity light.

• In a flow photochemistry reactor, we can increase the 
control over traditional batch photochemical 
techniques.

• Improved mixing and heat exchange
• Flow offers reproducible mixing and precise temperature control

• Photochemical reactions proceed differently to 
other techniques giving access to unique 
chemistry that is cleaner and therefore greener

• When a molecule absorbs a photon of light, 
its electronic structure changes, and it 
reacts differently with other molecules

• Each molecule reacts differently to different 
wavelengths

• Photochemical reactions require a light 
source that emits wavelengths corresponding 
to the specific wavelength of the reactant



• Increased functional group tolerance
• Electrochemical reduction and oxidation reactions usually 

performed under milder conditions c.f. traditional batch methods

Why use Flow 
Electrochemistry?

• Access to increased chemical space
• Unique activation of reagents enabling selectivity and 

transformations not possible by other techniques

• Improved reproducibility  
• Controlled reaction exposure times with no over oxidation or 

reduction

• Increased safety
• Eliminates the need to use toxic oxidants and air/moisture 

sensitive reductants

• Electrochemistry involves the application of 
a voltage across a pair of electrodes in 
contact with a number of liquid reactants.

• The electrical potential induces electron 
transfer between the electrode and the 
reactants, thereby stimulating a chemical 
reaction.

• Improved mixing and heat exchange
• Flow offers reproducible mixing and precise temperature control

• Improved reaction scalability 
• Surface phenomena – increasing electrode dimensions allow 

greater throughput

• Increased reaction rates
• Increasing potential/current across electrodes enables more 

electrons, potentially increasing reaction rates and increasing 
throughput

• The key advantage of electrochemistry over 
traditional synthetic chemistry is in the area of 
oxidation and reduction 

• Enables a large variety of atom efficient 
chemical transformations to be performed 
easily

• Reduced amounts of electrolytes
• Increased conductivity of flow electrochemistry cells due to small 

electrode gap 

• Electrodes can be regarded as 
heterogeneous catalysts, electrolyte and 
electrochemical active mediators can be 
regenerated electrochemically and 
recovered
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Electrochemical Oxidation: 
Batch vs. Flow
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Electrochemical Oxidation: 
Batch vs. Flow
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Electrochemical Oxidation: 
Batch vs. Flow
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How can flow reactions be 
more selective?
• Poor selectivity comes from variations in 

reaction conditions:

• temperature
• mixing
• addition
• molar ratios
• concentration
• time

• Loss of selectivity can lead to unwanted side 
reactions, the formation of by-products and a 
lower yield
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How can flow reactions be 
more selective? – Mixing 
and Addition
Batch reactors

• Concentration gradients can give rise to 
unwanted side reactions and by-product 
formation:

• Lower yields, increased work-up and 
isolation

Drop-wise Addition

Irregular/Poor Mixing
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How can flow reactions be 
more selective? – Mixing 
and Addition

ReservoirPump

ReservoirPump

• Under laminar flow 
conditions:

• Mixing is constant – every part of the 
reaction sees the same mixing profile

• Eliminates back-mixing and 
concentration gradients

• Gives batch-to-batch reproducibility

• Increased control of reaction pathway

• Less by-product formation

• Increased yields

• Less work-up
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How can flow reactions be 
more selective? – Mixing 
and Addition

Reservoir
Pump

Reservoir
Pump

• In turbulent flow conditions, static 
mixers are used to increase mass 
transfer

• In laminar flow conditions, mixing 
occurs by diffusion

• Diffusion time is proportional to distance 
squared, therefore over short distances, 
diffusion is fast and reproducible



How can flow reactions be 
more selective? –
Temperature
Batch Reactors:

• Heat applied from outside into the reactor.

• Slow to reach homogeneous temperature.

• Can give rise to temperature gradients

• Lower yields, increased work-up and isolation

Flow Reactors:

• Very high surface area to volume ratio

• Increased heat transfer: better 
temperature control

• Excellent control of exothermic 
reactions

• Increased control of reaction pathway

• Less by-product formation, Increased 
yields



How does flow chemistry 
achieve faster reactions?

• The Arrhenius rate law tells us that 
reactions are 2 x faster for every 10oC 
rise

• Therefore 100oC rise =2^10 faster (over 
1000x faster)

Batch Reactors:

• Limited to reflux temperature

• Can result in long reaction times

• Slow process, less throughput

Flow Reactors:

• Flow reactors have small volumes 
therefore flow reactors can be easily 
pressurised.
• Higher pressures enable higher 

temperatures and result in faster 
reaction rates

• Run reactions well above their reflux 
temperature

• Significantly reduce reaction times

• Reaction that take hours to minutes 
& minutes to seconds

• Increased throughput



Syrris Ltd.

Why is scale-up easier in 
flow chemistry?

To scale-up in traditional batch methods we 
need:

• To increase the reactor size (or run multiple 
reactions)

• This can be expensive

• To increase thermal control (heating and 
cooling)

• Slow to heat, difficult to control 
exothermic reactions

• To increase control addition and mixing
• Slower loading times, needs baffles etc.

• We need to re-optimize existing reaction 
conditions

• Requires additional method 
development

To scale-up in a flow reactor:
• We can leave the reaction running 

longer to produce more material
• Requires no re-optimisation –

reaction conditions identical to small 
scale

• We can increase reactor volume to 
increase throughput

• Scale-up is linear

• Large surface areas also allows 
efficient, safe temperature control

• Mixing regimes stay the same
Laboratory scale (Asia) 
• mg’s to 10s and 100s g/hr

Pilot & manufacturing scale
• kg’s to multiple kg’s/hr
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Why does flow chemistry 
enable safer reactions?

Example:
• If a 10L batch reactor explodes, this has 

serious consequences

• The same 10L can be passed through a 10ml 
flow reactor, ensuring that only 10ml is 
reacting at any time 

• For a  fast reaction e.g.1 min reaction this 
only takes an overnight run

• In this case the risk is greatly reduced

Flow Reaction:

• Flow reactors have small volumes 
therefore the quantity of reaction 
occurring at any one time is 
minimised

• The increased surface area can control 
exothermic reactions reducing thermal 
run-away

• We can generate highly reactive 
intermediates or hazardous reagents 
in-situ

• We can run reactions under pressure 
therefore controlling gas evolution
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In a traditional batch reactor to vary 
experimental conditions we need:

• Multiple reactor – each with a set 
reaction conditions

• To analysis/monitor multiple reactions
• This is time consuming and expensive

How can flow perform 
reaction optimization 
faster?

In a flow reactor it is extremely easy to vary:

• Reaction time - Vary total flow rate
• Reaction temperature - Low thermal mass
• The ratio of reagents - Vary flow rate ratio
• Concentration - Vary solvent stream
• Reactant – Screen reagents, catalysts etc

In a flow reactor:

• One reaction is flushed out by the next 
(separated by a solvent) therefore only 
one reactor is used.

• This means 10s-100s reaction 
conditions can be investigated with 
minimal set-up

• All of this can be automated allowing 

us t      

Asia 
Automated 
Reagent 
Injector
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How does flow chemistry enable 
efficient library synthesis?

Flow methods of library generation:

• Easily automate the process to give 
100s of compounds

• Perform multiple steps continuously

• Access chemistries previously 
unavailable

• Generate diversity of starting 
materials

• Eliminate work-up from each step

• Increase chemical diversity

• More efficient, less wasteful process

• Increase yields

• Requires NO reoptimization and 
subsequent resynthesis for scale-up

Flow methods of library generation:

• The use new enabling flow technologies is 
a growing area in this application

• These platforms are used across the 
pharmaceutical industry to assist in the 
discovery of new therapeutics.
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Why is reaction work-up 
easier in flow?

Batch chemistry relies on a separate 
operation to perform a work-up :

• Reaction mixture is transferred to 
another vessel

• Separate operation for:
• Aqueous work-up
• Filtration
• Solid-phase extraction
• Chromatography
• Distillation
• Evaporation
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Why is reaction work-up 
easier in flow?

With flow chemistry the reaction is mobile 
and allows us options for in-line 
(integrated) work-up:

• Flow liquid-liquid extraction
• Solid phase scavengers

A-B + A A-B

Solid Phase Scavengers:

• Column is packed with a sequestering 
reagent

• Reaction mixture is pumped through 
the column

• Excess reagent is removed on the 
column
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Why is reaction work-up 
easier in flow?

OUTPUTSOUTPUTS
INPUTSINPUTSContinuous Aqueous Work-Up:

• We can use the FLLEX module as a 
continuous separating funnel

• FLLEX is a membrane separator

FLLEX Work-up:

• Diffusion of molecules (extraction) 
between slugs occurs rapidly, < 3 secs

• Separator, based on hydrophobic 
membrane, results in continuous flow 
of worked up product

• Separation of solvent pairs not 
typically thought of a practical e.g. 
THF and Aqueous



Syrris Ltd.

How can reaction analysis 
be made easier in flow?
In a traditional batch reactor to monitor 
reactions we need:

• To take multiple aliquots over time
• To analyse multiple reactions requires 

multiple probes (one per reactor).
• General use off-line analysis

In a flow reactor in-line and off-line analysis 
to available for real-time feedback:

• many different reactions can be accessed 
with the same probe

• Continuous sampling of a flow reaction is 
easily achieved.
• A small aliquot can be diverted from 

the reaction, diluted and ‘sent’ for 
analysis

• Continuous analysis

• IR, Raman, UV, NMR

• Destructive analysis

• LC, MS, GC etc.
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How can flow chemistry 
achieve reaction conditions 
not possible in batch?

• Increases safety

• Increases selectivity

• Increases chemical space

Flow chemistry offers a wide range of 
applications that are difficult to achieve by 
traditional methods:

• Generate and react highly reactive 
intermediates without isolation

• Generate hazardous reagents in-situ

• Generate diversity of starting materials 
in-situ

• Scale pressurized reactions safely

• Perform gas reactions on scale



How do we initiate a chemical 
reaction?

• Chemical reactions are generally activated by either 
by heat or a chemical reagent

• One of the key advantages of flow chemistry is it’s 
easier to use some of the lesser used methods:

– Electrochemistry which uses electrons
– Photochemistry which uses light

• The has been an increasing trend in recent years to 
use both of these techniques in chemistry. This is 
sometimes called Reagentless chemistry

Reagent A Reagent B

C

Heating

Cooling

Mixing

Photons

Electro
ns



• Improved irradiation of the reaction 
• Flow reactors improve light transmission to reaction

Why Use Flow 
Photochemistry?

• Improved reaction scalability 
• Increasing light power enables more photons, increasing 

reaction rates and increasing throughput

• Improved reproducibility  
• Controlled reaction exposure times with no over irradiation

• Improved reaction selectivity 
• Single wavelength LED light sources enable selectivity of 

reaction pathways

• Ability to perform multiphase chemistry 

• Small reactor design allows ability to use gases, crucial in 
photochemical application

• Increased safety
• Light proof reactors and power interlocks prevent exposure of 

user to high intensity light.

• In a flow photochemistry reactor, we can increase the 
control over traditional batch photochemical 
techniques.

• Improved mixing and heat exchange
• Flow offers reproducible mixing and precise temperature control

• Photochemical reactions proceed differently to 
other techniques giving access to unique 
chemistry that is cleaner and therefore greener

• When a molecule absorbs a photon of light, 
its electronic structure changes, and it 
reacts differently with other molecules

• Each molecule reacts differently to different 
wavelengths

• Photochemical reactions require a light 
source that emits wavelengths corresponding 
to the specific wavelength of the reactant



• Increased functional group tolerance
• Electrochemical reduction and oxidation reactions usually 

performed under milder conditions c.f. traditional batch methods

Why use Flow 
Electrochemistry?

• Access to increased chemical space
• Unique activation of reagents enabling selectivity and 

transformations not possible by other techniques

• Improved reproducibility  
• Controlled reaction exposure times with no over oxidation or 

reduction

• Increased safety
• Eliminates the need to use toxic oxidants and air/moisture 

sensitive reductants

• Electrochemistry involves the application of 
a voltage across a pair of electrodes in 
contact with a number of liquid reactants.

• The electrical potential induces electron 
transfer between the electrode and the 
reactants, thereby stimulating a chemical 
reaction.

• Improved mixing and heat exchange
• Flow offers reproducible mixing and precise temperature control

• Improved reaction scalability 
• Surface phenomena – increasing electrode dimensions allow 

greater throughput

• Increased reaction rates
• Increasing potential/current across electrodes enables more 

electrons, potentially increasing reaction rates and increasing 
throughput

• The key advantage of electrochemistry over 
traditional synthetic chemistry is in the area of 
oxidation and reduction 

• Enables a large variety of atom efficient 
chemical transformations to be performed 
easily

• Reduced amounts of electrolytes
• Increased conductivity of flow electrochemistry cells due to small 

electrode gap 

• Electrodes can be regarded as 
heterogeneous catalysts, electrolyte and 
electrochemical active mediators can be 
regenerated electrochemically and 
recovered
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Electrochemical Oxidation: 
Batch vs. Flow
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Electrochemical Oxidation: 
Batch vs. Flow



Flow Chemistry Applications



Introduction

An orthogonal biocatalytic approach for the safe generation 
and
use of HCN in a multistep continuous preparation of chiral O-
Acetylcyanohydrins

M. Waterford, S. Saubern, C. H. Hornung, Aust. J. Chem. 2021, DOI 10.1071/CH20372

• The application of hydroxynitrile lysases (HNLs) to 
access chrial cyanohydrins from aldehydes or ketones 
and HCN is well known in bioorganic chemistry

• This reaction still suffers from safety limitations 
related to the handling of the toxic and volatile 
hydrogen cyanide (HCN)

HCN surrogates

• HCN surrogates have been investigated including  
trialkylsilyl cyanide 1, acetone cyanohydrin 2, diethyl 
cyanophosphonate 3, benzoyl cyanide 4, and acyl 
cyanide 5

• A relatively cheap and less toxic cyanide source, 
ethyl cyanoformate (ECF), has enjoyed some 
successes in asymmetric cyanation of aldehydes, 
ketones, imines and olefins

1) Denmark, S. E.; Chan, W. J. Org. Chem. 2006, 71, 4002. 
2) Park, E. J.; Lee, S.; Chang, S. J. Org. Chem. 2010, 75, 2760. 
3) Abiko, Y.; Yamagiwa, N.; Sugita, M.; Tian, J.; Matsunaga, S.; Shibasaki, 

M. Synlett 2004, 2434. 
4) Watahiki, T.; Ohba, S.; Oriyama, T. Org. Lett. 2003, 5, 2679. 
5) Belokon, Y. N.; Gutnov, A. V.; Moskalenko, M.; Yashkina, L. V.; 

Lesovoy, D. E.; Ikonnikov, N. S.; Larichev, V. S.; North, M. Chem. 
Commun. 2002, 244.



• The efficiency of different commercially 
available lipases for this transformation was 
investigated

• CalB immobilized on acrylic resin (Novozyme
435) in methyl tert-butyl ether (MTBE) showed 
the best efficiency for this transformation

• A 1 M solution of ECF was passed through a 
packed-bed reactor containing CalB in MTBE

• The addition of small amount of ethanol or a 
potassium phosphate buffer solution (Kpi, pH 
6.5) to the reaction medium, almost complete 
ECF hydrolysis (95–97%) could be achieved 
with a residence time of 17.5 minutes

Safe generation and use of HCN in biocatalysis 
processes

A. Brahma, et. al., Synlett, 2016, 27, 262–266.

• The demonstration of this safe generation 
of HCN opens up further opportunities to 
use this hazardous reagent for reactions 
which have often been neglected owing to 
safety reasons.

Reaction Optimization



• With the aim of developing a linked-multistep 
approach the HCN containing solution derived 
from the CalB-catalyzed reaction was 
investigated in a second AtHNL-catalyzed 
addition of HCN to aldehydes 

• A packed-bed reactor containing AtHNL
immobilized on celite was used.

• The effect of the residence time and the 
amount of the biocatalyst were considered

• When the residence time was increased a 
good ee and a satisfactory conversion was 
observed

• An increase in the quantity of biocatalyst 
resulted in a beneficial effect, achieving good 
conversion and very high ee values

Biocatalytic preparation of chiral cyanohydrins

A. Brahma, et. al., Synlett, 2016, 27, 262–266.

Reaction Optimization



• The two biotransformations were then 
coupled consecutively in a continuous flow 
set-up

• The flow of ethyl cyanoformate (ECF) through 
a packed-bed reactor (PBR), containing the 
commercial lipase CalB (Novozyme 435), led to 
hydrolysis and to a safe generation of HCN.

Multistep continuous preparation of Chiral 
Cyanohydrins

A. Brahma, et. al., Synlett, 2016, 27, 262–266. Biocatalysis

AtHNLCalB
[HCN]

EtO CN

O

PhCHO

5 bar Ph CN

OH
*

1º Biotransformation 2º Biotransformation

A

B
97% conv.

99% ee

Novozyme 435 Celite-

• The outlet flow, containing HCN, was 
combined with a stream of the aldehyde ((R)-
mandelonitrile) and directed to a second PBR 
packed with hydroxynitrile lyase (Celite-
AtHNL). 

• A second enzymatic cascade took place and 
the cyanohydrin (R)-mandelonitrile was 
obtained in a good conversion (97%) and 
excellent ee (99%).



• While the initial combined process showed 
good results the high costs and time-
consuming process of enzyme purification to 
obtaining the hydroxynitrile lyase in a suitable 
purity, was considered

• The use of recombinant whole-cells as 
alternative biocatalyst, were investigated,  
since no enzyme purification needed

Multistep continuous preparation of Chiral 
Cyanohydrins

A. Brahma, et. al., Synlett, 2016, 27, 262–266. Biocatalysis

• The second approach to this process used 
wild-type AtHNL expressing E. coli cells as 
biocatalyst in the two-step cascade synthesis 
of (R)-mandelonitrile, using a packed-bed 
reactor containing lyophilized cells

• The desired (R) – mandelonitrile was shown to be 
obtained in a high conversion (99%) and very good 
ee (95%)

AtHNLCalB
[HCN]

EtO CN

O

PhCHO

5 bar Ph CN

OH
*

1º Biotransformation 2º Biotransformation

A

B
97% conv.

99% ee

Novozyme 435 Celite-



• The well-known instability of cyanohydrins at 
neutral to alkaline pH and at room 
temperature needed to be addressed.

• Flow systems has an advantage of being 
modular so a protection strategy could be 
added for the protection (acetylation) of the 
cyanohydrin.

• This flow system was shown to be robust and 
applicable to a range of O-acetylcyanohydrins, 
both electron-rich (3c) and electron-poor (3f), 
with high conversions over three steps (75–
99%  NMR)

Multistep continuous preparation of Chiral O-
AcetylCyanohydrins

A. Brahma, et. al., Synlett, 2016, 27, 262–266.



• Alternative sources of cyanide can be used for the
same bio-catalyzed addition to aldehydes.

• Another application, from Prof. Rutges’ group where
KCN was used as source of cyanide for the acetyl-
protected cyanohydrins asymmetric synthesis.
– The aldehyde solution in MTBE, was mixed with a solution

of KCN and (R)-HNL (enzyme) in buffer pH 5, before
passing through a reactor kept at 40ºC.

– The biphasic mixture was combined with a stream of
dichloromethane, and separated using the Asia Flow
Liquid-Liquid extraction module (FLLEX).

– The organic phase was directed to a second reactor, after
mixing with acetyl anhydride, and DMAP/DIPEA solution in
dichloromethane.

• The acetyl protection of formed cyanohydrins took
place at room temperature and products could be
isolated in 20-59% yield and 62-98% ee.

Chemoenzymatic flow cascade for the synthesis of protected 
mandelonitrile derivatives

M. M. E. Delville, et. al., Org. Biomol. Chem., 2015, 13, 1634–1638.
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T. M. Monos, J. N. Jaworski, J. C. Stephens, T. F. Jamison

Continuous-Flow Synthesis of Tramadol from Cyclohexanone

Department of Chemistry, Massachusetts Institute of Technology, Cambridge, USA
Department of Chemistry, Maynooth University, Maynooth, Kildare, Ireland
The Kathleen Lonsdale Institute of Human Health Research, Maynooth University, Maynooth, Kildare, Ireland

T. M. Monos, J. N. Jaworski, J. C. Stephens, T. F. Jamison, Synlett 2020, 4, DOI 10.1055/s-0039-1690884.



• Researchers at Massachusetts Institute of 
Technology (MIT) and Maynoot University (Ireland) 
developed a flow platform bearing the multistep 
synthesis of tramadol (4), a synthetic opioid 
analgesic.

• The process was divided in two halves (key steps):
– Mannich reaction of cyclohexanone (1a), formalin (1b) 

and dimethylamine.HCl (1c).
– Grignard addition of 3-methoxyphenyl magnesium 

bromide (3) to 2-[(dimethyl- amino)methyl]cyclohexan-1-
one (2).

• The process required 11 unit operations including 
chemical reactions, in-line liquid-liquid separations 
and off-line solvent changes.

Introduction

T. M. Monos, J. N. Jaworski, J. C. Stephens, T. F. Jamison, Synlett 2020, 4, DOI 10.1055/s-0039-1690884.

Continuous-Flow Synthesis of Tramadol from Cyclohexanone



• Solutions of cyclohexanone, formalin and 
dimethylamine.HCl were mixed and the Mannich
reaction was carried out in a tube reactor kept at 
105ºC and 50 psi, within 15 min retention time.

• The reactor output was mixed with streams of 
water and CPME (cyclopentyl methyl ether) 
followed by gravity separation of layers.

• In order to carry out the neutralization reaction, 
the aqueous layer, containing the product 2.HCl, 
was mixed with streams of NaOHaq and pentane. A 
second separation apparatus was used, allowing 
the obtention of the product 2 on the organic 
layer.

• When a ratio of 1.0:0.66:0.33 
(ketone/amine/aldehyde) was used a yield of 2·HCl 
92% was obtained with 90% recovery after work-
up.

Methodology – Mannich reaction

T. M. Monos, J. N. Jaworski, J. C. Stephens, T. F. Jamison, Synlett 2020, 4, DOI 10.1055/s-0039-1690884.

Continuous-Flow Synthesis of Tramadol from Cyclohexanone



• After an offline solvent switch, the Grignard addition 
took place in a tube reactor kept at 40ºC (rt 30 sec) and a 
quench with ammonium chloride carried out at 38ºC . The 
Grignard reaction was monitored by in-line FT-IR.

Methodology – Grignard reaction

T. M. Monos, J. N. Jaworski, J. C. Stephens, T. F. Jamison, Synlett 2020, 4, DOI 10.1055/s-0039-1690884.

• Optimization showed 2.0 eq of Grignard was necessary to 
give a 90% conversion.

• The final product tramadol (4) was obtained after further 

Continuous-Flow Synthesis of Tramadol from Cyclohexanone



• Selective crystallization of 4·HCl afforded the trans-
diastereomer in good yield (61%, >20:1 d.r.). 

T. M. Monos, J. N. Jaworski, J. C. Stephens, T. F. Jamison, Synlett 2020, 4, DOI 10.1055/s-0039-1690884.

Results

Continuous-Flow Synthesis of Tramadol from Cyclohexanone

• Mannich reaction (operations 1–4) was conducted 
for 5 h (12.3 reactor volumes) yielding 39 g (96% 
yield) of 2 after evaporation of pentane solvent. 

• Grignard reaction (operations 6 and 7) was 
conducted in flow for 34.4 min (56 reactor volumes) 
yielding 7.85 g of 4 (79% yield, 4:1 d.r.) as a neat oil 
after offline purification (operations 8–11).



Syrris Ltd.

Exploiting chemical toolboxes for the expedited generation 
of tetracyclic quinolines as a novel class of PXR agonists

B. Cerra, et al., ACS Med. Chem. Lett., 2019, 10, 677–681.

Introduction

• One of the bottle necks in current pharmaceutical 
research and development programs is the continuous 
need for novel and structurally diverse chemical entities.

• This is made by complex process cycle: design > 
synthesis > testing > structure-activity/structure-
property relationship (SAR/SPR) analysis.

– Within traditional approaches, a significant time delay 
may occur from the synthesis, thus limiting the number 
of compounds.

• The adoption of enabling chemical technologies, such as 
automation in flow systems, is contributing to the 
shortening of medicinal chemistry discovery cycle.

• Aim development of an integrated system designed for 
the automated synthesis, in-line analysis, purification, and 
stereochemical characterization of compound libraries 
generated by multicomponent reactions under 
continuous flow conditions.
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Exploiting chemical toolboxes for the expedited generation 
of tetracyclic quinolines as a novel class of PXR agonists

B. Cerra, et al., ACS Med. Chem. Lett., 2019, 10, 677–681.

Multicomponent reactions

• Multicomponent reactions are ideal for the preparation of 
compound libraries
– Increase diverse chemical space rapidly

– Intrinsic atom economy

• Multicomponent reactions are still under employed in 
automated flow synthesis

• Ring-fused THQ are common frameworks in a number of 
natural products and biologically active compounds
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Exploiting chemical toolboxes for the expedited generation 
of tetracyclic quinolines as a novel class of PXR agonists

B. Cerra, et al., ACS Med. Chem. Lett., 2019, 10, 677–681.

Reaction optimization

Flow rate (0.6-1.2 mL min-1)

Catalyst amount (0.1-0.4 mL mmol-1)

Dienophile amount (1.0-1.4 equiv.)

Equimol. aniline/benzaldehyde

Solvent (MeCN)

Temperature (25 °C)

Model Reaction

Batch Screening

Flow Set-up and 
Optimization

+
CHO NH2

+
O

N
H

O

H

H

+
**

*MeCN, r.t.

N
H

O

H

H
**

*

1 mmol 1 mmol 1 mmol  
(±)-Cis (±)-Trans

catalyst

Model Reaction

Criteria for Catalyst Selection
Eco-compatibility
Costs
Efficiency (reaction time 
and yield)

HCl (10% wt in MeOH)
Batch Screening

Flow Protocol 
Optimization

Yb(OTf)3, Sm(OTf)3, RhCl3, AlCl3, 
Amberlist A15, Montmorollenite KSF, 

Dowex HCR W2, phosphomolibdic acid
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B. Cerra, et al., ACS Med. Chem. Lett., 2019, 10, 677–681.

Reaction optimization

Entrya Total flow rate
(mL min-1)b

Catalyst amount
(mL mmol-1) Equiv. of 3 Yield (%)c

1 0.6 0.1 1.0 69

2 0.8 0.1 1.0 68

3 1 0.1 1.0 56

4 1.2 0.1 1.0 48

5 0.8 0.2 1.0 74

6 0.8 0.4 1.0 58

7 0.8 0.2 1.1 78 

8 0.8 0.2 1.4 78

Effect of 
Flow Rate

Effect of the 
catalyst amount

Effect of the 
dienophile amount

25 °C

MeCN/PEG

aAniline [1 mmol, 0.5 M in MeCN/PEG300 (95:5, v/v)], benzaldehyde [1 mmol, 0.5 M in MeCN/PEG300 (95:5,
v/v)], 2,3-dihydrofurane [1.0-1.4 mmol, 0.250-0.350 M in MeCN/PEG300 (95:5, v/v)], HCl (0.2 mL, 10% wt in
MeOH), 10 mL reactor-coil, 25 °C. bCombined flow rate (MeCN/PEG300 95:5, v/v): pump A (0.2 mL min-1) +
pump B (0.2 mL min-1) + pump C (0.4 mL min-1). cDetermined after automated flash chromatography. The
percentage refers to the diastereoisomeric mixture.

+
CHO NH2
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H
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H
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**
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H

O

H
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Exploiting chemical toolboxes for the expedited generation 
of tetracyclic quinolines as a novel class of PXR agonists

B. Cerra, et al., ACS Med. Chem. Lett., 2019, 10, 677–681.

Methodology

• Solutions of aniline (2), aldehydes (3-6) and the 
dienophiles (7-10) were combined before being 
directed to the coiled reactor (10 mL) kept at room 
temperature.

• The output was combined with a streams of water 
and Et2O. The biphasic mixture was separated by in-
line liquid-liquid membrane, the organic flow 
monitored by in-line UV-Vis and collected.

• Reactions were performed in a sequential, 
automated flow-through process washing the lines 
with MeCN, controlled by Asia Manager software.

• After solvent evaporation, all compounds were 
purified by silica gel flash chromatography. The 
isolated products were racemic but 
diastereomerically pure.
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Exploiting chemical toolboxes for the expedited generation 
of tetracyclic quinolines as a novel class of PXR agonists

B. Cerra, et al., ACS Med. Chem. Lett., 2019, 10, 677–681.

Results

• Subsets of 10 x aldehydes, 4 x cyclic dienophiles and 
4 x anilines were selected

• Rapid structure diversity could be afforded

R1
+ +

X
n

(1) {1-10} (2) {1-4} (3) {1-4}
 
(±)-Cis (4) {1-48}

 
(±)-Trans (5) {1-48}
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Results – Ring-fused THQs library
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Photooxygenations
• Singlet oxygen (1O2) can be produced starting 

from ground state oxygen (3O2) by light 
irradiation in the presence of a suitable 
photosensitizer

• Flow photochemistry can provide easy access 
to 1O2 in a much safer process, compared with 
batch procedures 
– 1O2 shows higher electrophilicity, compared with 

3O2, which allows substrates to be oxidized which 
are otherwise unreactive to oxygen

Photosensitizer (T1)

Photosensitizer (S1)

Photosensitizer (S0)

O2
 (3Σg)

O2
 (1∆g)

Triplet oxygen
"ground state"

Singet oxygen

Intersystem
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Visible light
(400 nm - 800 nm)
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Photocatalytic
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Ph

Tetraphenylpophyrin
(TTP)

λmax
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9,10-dicyanoanthracene
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λmax
 = 312 nm

Common Photosensitizers



• Common approaches for the synthesis of (−)-CBD 
involves the coupling of olivetol and p-mentha-2,8-
dien-1-ol (1) by an acid-catalyzed Friedel−Crafts 
alkylation

• This methodology has been also applied in the 
synthesis of other bioactive cannabinoids, using 1 as a 
common intermediate

Introduction

Process Intensification for Obtaining a Cannabidiol 
Intermediate by Photo-oxygenation of Limonene under 
Continuous-Flow Conditions

• Although most of these routes described the 
intermediate menthadienol (1) as “readily available”, 
its synthesis and production on a large scale are a 
current challenge
– The approaches described present yields lower than 20 %, 

as well as low stereo- and regioselectivity
– Additionally, large amounts of explosive oxidants are 

employed under high temperatures, with long reaction 
times and low atomic efficiency

A. R. Aguillón, et al., Org. Process Res. Dev. 2020, 24, 2017–2024



Introduction

Process Intensification for Obtaining a Cannabidiol 
Intermediate by Photo-oxygenation of Limonene under 
Continuous-Flow Conditions

• Photooxygenation of (R)-limonene (2) as chiral 
precursor offers the ability to obtain the desired 
compound with a smaller number of steps in a one-
pot reaction

• This meets some principles of green chemistry, such 
as atom economy 

• Reducing the release and/or exposure of the 
environment to dangerous substances

A. R. Aguillón, et al., Org. Process Res. Dev. 2020, 24, 2017–2024
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OH

1

Flow Conditions



• 1 mL microchip reactor, pumping a solution 
containing 2 (25 mM), TPP (0.1 mM) as a sensitizer, 
and CH3CN:CH2Cl2 (3:1) as solvent, and a white LED as 
the light source (100 W) 

• A tube-in-tube reactor was employed as a gas-
transfer module, affording the reaction medium 
saturated in O2 as well as a homogeneous system

Results – continuous flow with white LEDs

Process Intensification for Obtaining a Cannabidiol 
Intermediate by Photo-oxygenation of Limonene under 
Continuous-Flow Conditions

• Different flow rates were tested to find the best 
residence time to yield 1
– 99 % conversion of was achieved after 20 min of reaction
– 48 % selectivity for desired product (1)
– High productivity values were obtained in up to 5 min of 

reaction time

A. R. Aguillón, et al., Org. Process Res. Dev. 2020, 24, 2017–2024



• White LEDs were then switched to Blue LEDs

– One of the advantages of using LEDs as the photocatalytic 
light source is that wavelengths can be selected to 
optimize reaction conditions 

• Compared with the white LED lamp, both conversion
and productivity values increased giving the best 
productivity (2.9 μmol·min−1 ) after 2 min of residence 
time

• Higher conversion values were obtained at lower flow 
rates, keeping constant the selectivity

Results – continuous flow with blue LEDs

Process Intensification for Obtaining a Cannabidiol 
Intermediate by Photo-oxygenation of Limonene under 
Continuous-Flow Conditions

A. R. Aguillón, et al., Org. Process Res. Dev. 2020, 24, 2017–2024



• Flow chemistry has the benefit of allowing an easier access 
to scale-up

• The last experiments looked at increasing the size of the 
flow reactor by volume, increasing the LED power and 
attempting to increase selectivity by temp control

– 44 % conversion, 55 % selectivity

– Productivity 580.8 μmol·min−1 using faster flow rates (200 fold)

Results – continuous flow increasing temp/radiant 
flux

Process Intensification for Obtaining a Cannabidiol 
Intermediate by Photo-oxygenation of Limonene under 
Continuous-Flow Conditions

A. R. Aguillón, et al., Org. Process Res. Dev. 2020, 24, 2017–2024



Introduction

N-Heterocyclic carbene-mediated microfluidic oxidative
electrosynthesis of amides from aldehydes

• The amide functional group is as a structural and 
function motif found in a huge number of natural and 
synthetic substances, from small molecule drugs to 
biopolymers and materials.

• Amide formation by carboxylate activation are 
efficient in terms of conversions and yields, but 

– have low atom economy or the requirement for corrosive 
and toxic reagents and intermediates (e.g. acyl chlorides, 
HOBt etc).

Amidation mediated by NHCs

• N-Heterocyclic carbenes (NHCs) have been 
identified as catalysts for oxidative conversion 
of aldehydes to amides. 

• Electrochemical oxidation presents an 
appealing alternative to the use of a 
stoichiometric oxidizing equivalent.

R. A. Green, et al., Org. Lett., 2016, 18, 1198–1201.



• A significant benefit of performing reactions in 
flow is the ability to easily control reactant 
and reagent mixing

• This enables the formation of the Breslow 
intermediate in flow prior to mixing with the 
amine and before the reaction mixture 
entered the electrolysis cell.

Methodology

R. A. Green, et al., Org. Lett., 2016, 18, 1198–1201.

N-Heterocyclic carbene-mediated microfluidic oxidative
electrosynthesis of amides from aldehydes

• Direct application from the electrochemical 
synthesis of esters was investigated where the 
alcohol was replaced by an amine.

NHC-mediated synthesis of esters

R. A. Green, et al., Org. Lett., 2015, 17, 3290.



• Excellent purified yield (99%) was obtained for 
the compound 11a. Using a total combined 
flow rate of 1.2 mL.min-1 (electrolysis cell 
residence time <10 s), a current 105 mA and 
60ºC on the chip (residence time <50 s).

Results

R. A. Green, et al., Org. Lett., 2016, 18, 1198–1201.

N-Heterocyclic carbene-mediated microfluidic oxidative
electrosynthesis of amides from aldehydes

• 3,4,5-Trimethoxybenzaldehyde (8) and benzyl 
amine were selected as test substrates for initial 
investigation of anodic oxidative amidation using 
the thiazolium bistriflimide (7) as an NHC 
precursor.

• THF was replaced by DMF for acyl transfer. 

– DMF is a more favourable electrochemical solvent 
due to its high dielectric constant, and for 
solubilizing the thiazolium salt 7.

• With increased flow rate (expts 3) the yield 
dropped. On standing for 2 hrs in the flask 
reaction was complete



Results – Substrate scope

R. A. Green, et al., Org. Lett., 2016, 18, 1198–1201.

N-Heterocyclic carbene-mediated microfluidic oxidative
electrosynthesis of amides from aldehydes

• The optimized conditions were applied to a 
range of aldehydes and primary amines with 
productivity rates between 0.3 and 0.6 g h−1 . 

• Electron-rich aromatic and heteroaromatic 
aldehydes underwent amidation in good to 
excellent isolated yields (94−99%, entries 1, 5, 
and 7).

• Primary amines containing electron-rich 
electrochemically oxidizable functionalities such 
as indole, furan, and phenol groups afforded 
amides in 71−86% yields (entries 15, 18, and 19). 

• An unbranched aliphatic aldehyde afforded the 
corresponding N-benzylamide 11i in 71% yield 
(entry 9).

• The conditions of the undivided cell also 
tolerated the aryl bromide functionality (71−97% 
yields, entries 10−19).



Results - Scaling

R. A. Green, et al., Org. Lett., 2016, 18, 1198–1201.

N-Heterocyclic carbene-mediated microfluidic oxidative
electrosynthesis of amides from aldehydes

• Increasing the throughput was then investigated:

– Increasing initial substrate concentration to 0.5 M 

– Increaqsing the cell current required to effect the 
required chemical conversion

• Excellent yield (94%) and a high rate of 
production (2.5 g h−1 ) could be achieved when 
the heater chip temperature was increased to 
110 °C (entry 4), producing 706 mg of amide in 
16.7 min.

• To demonstratw the robustness of the processan 
extended run over 8.3 h produced 21.5 g (97%) 
of isolated amide 11a at a productivity rate of 
2.58 g h−1. Process shows a catalytic system, increased atom 

efficiency, scalability and increased safety profile. 



• The incorporation of –CF3 into chemical compounds brings several advantages
– Improved chemical stability, modulate lipophilicity and binding selectivity

• The development of this technology is of great value to the pharmaceutical, agrochemistry and material manufacturing 

• The authors described an approach for a photocatalytic trifluoromethylation and perfluoroalkylation of five-membered 
heteroarenes in continuous flow
– Using photoredox catalysis to generate electrophilic radicals and the use of an inexpensive gases, e.g. trifluoroiodomethane (CF3I), as 

source of CF3

Introduction

Rapid Trifluoromethylation and Perfluoroalkylation of Five-
Membered Heterocycles by Photoredox Catalysis in Continuous 
Flow

N. J. W. Straathof, H. P. L. Gemoets, X. Wang, J. C. Schouten, V. Hessel, T. Noël, ChemSusChem 2014, 7, 1612–1617
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Reaction Optimisation

• Reactions were carried out using [Ru(bpy)3Cl2] (1.0 mol 
%), base (2.0 equiv) in MeCN (0.2 M), and irradiated by 
blue LEDs

• TMEDA proved to be the most effective for this 
trifluoromethylation protocol with 4 equiv. of CF3I
– Residence time of 8 min, up to 99 % conversion (95 % yield)

N. J. W. Straathof, H. P. L. Gemoets, X. Wang, J. C. Schouten, V. Hessel, T. Noël, ChemSusChem 2014, 7, 1612–1617



Reaction Optimisation

Expanded Scope

• 12 examples of trifluoromethylation of heteroarenes
– Yields 55 – 95 %
– Residence times 4 – 32 min

2 g
scale

N. J. W. Straathof, H. P. L. Gemoets, X. Wang, J. C. Schouten, V. Hessel, T. Noël, ChemSusChem 2014, 7, 1612–1617

• Reactions were carried out using [Ru(bpy)3Cl2] (1.0 mol 
%), base (2.0 equiv) in MeCN (0.2 M), and irradiated by 
blue LEDs

• TMEDA proved to be the most effective for this 
trifluoromethylation protocol with 4 equiv. of CF3I
– Residence time of 8 min, up to 99 % conversion (95 % yield)



Reaction Optimisation

• 12 examples of trifluoromethylation of heteroarenes
– Yields 55 – 95 %
– Residence times 4 – 32 min

• Further expansion was shown to access the 
perfluoroalkylation of heteroarenes

• 5 examples are shown
– Using 0.5 mol% catalyst,  RCF2I, TMEDA, MeCN
– Yields 53 – 95 %
– Residence Times 10 – 20 min

N. J. W. Straathof, H. P. L. Gemoets, X. Wang, J. C. Schouten, V. Hessel, T. Noël, ChemSusChem 2014, 7, 1612–1617

Expanded Scope

• Reactions were carried out using [Ru(bpy)3Cl2] (1.0 mol 
%), base (2.0 equiv) in MeCN (0.2 M), and irradiated by 
blue LEDs

• TMEDA proved to be the most effective for this 
trifluoromethylation protocol with 4 equiv. of CF3I
– Residence time of 8 min, up to 99 % conversion (95 % yield)



Metal-free Version

N. J. W. Straathof, D. J. G. P. Van Osch, A. Schouten, X. Wang, J. C. Schouten, V. Hessel, T. Noël, J. Flow Chem. 2014, 4, 12–17
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• Using Eosin Y (5 mol %), TMEDA (3.0 equiv.), MeCN, 
30 min residence time, white LED

• These are highly advantageous conditions for the 
preparation of APIs
– Meet the strict product purity regulations 
– Avoids expensive purifications
– Provides a more cost-efficient alternative compared to 

metal-based photoredox catalytic processes



Metal-free Version

• Using Eosin Y (5 mol %), TMEDA (3.0 equiv.), MeCN, 
30 min residence time, white LED

• These are highly advantageous conditions for the 
preparation of APIs
– Meet the strict product purity regulations 
– Avoids expensive purifications
– Provides a more cost-efficient alternative compared to 

metal-based photoredox catalytic processes

Flow – Batch Comparison

6 examples
Yields 30 – 99 

% 

N. J. W. Straathof, D. J. G. P. Van Osch, A. Schouten, X. Wang, J. C. Schouten, V. Hessel, T. Noël, J. Flow Chem. 2014, 4, 12–17



Grafting hydroxycinnamic 
acids to biopolymers using 
flow chemistry for the 
development of biostimulants

Dr. Ioana Silvia Hosu



Asia Flow Chemistry System
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Asia Flow Chemistry 
Introduction

• Modular system allows system to be configured to fit 
customers chemistry and budget

• Complete module range to enable any application

• Precise control of reaction conditions 

• Ultimate smooth pumping with dedicated high 
performance flow chemistry pumps

• Manual or automated control 

Key Unique Selling Points

• Asia is considered one of the premium performance 
systems on the market

• Designed by chemists for chemists to enable the widest 
variety of chemical reactions to be performed with the 
ultimate easy of use



Syrris Ltd.

Modular and flexible at 
its core
• The Asia system can be tailored to suit a 

range of different chemistries 

– All modules can be interchanged so 
that you can choose you own 
functionality based on your application

• The Asia system can be scaled to your 
requirements as your needs and experience 
grow

• Asia supports many unique post-reaction 
modules to allow in-line work up and 
reaction analysis

• Asia Manager control software enables full 
automation with no restriction in the size or 
complexity of your chemistryAsia small system Asia medium system

Asia large system
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Asia Modules



Flow Chemistry Demonstration 
Experiments



Wittig Reaction
• It is a classical reaction on Organic Synthesis

• Considered one the most important and most 
effective method for the synthesis of alkenes.

• Formation of carbon-carbon double bonds 
(olefins) from carbonyl compounds and 
phosphoranes 

• The active reagent in this transformation is the 
phosphorous ylide
– In general, the ylide is a coloured specise and is  

formed in situ by reaction with the base 
– The reaction often requires water-free solvents 

and reagents

• Flow procedures facilitates the use of Wittig 
Reaction 

NO2 PPh3Br

O

CO2Me

NaOMe

NO2 PPh3

Ylide

NO2 PPh3
-NaBr
-MeOH

-Ph3P=O

NO2
CO2Me

NO2 PPh3Br

O

CO2Me

NaOMe

+

NO2
CO2Me

in MeOH

Flow Conditions



Photooxygenation of 1,5-
dihydroxynaphthalene 

• Singlet oxygen (1O2) can be produced starting 
from ground state oxygen (3O2) by light 
irradiation in the presence of a suitable 
photosensitizer

• Flow photochemistry can provide easy access to 
more reactive 1O2 in a much safer process, 
compared with batch procedures 

• The cleaner and greener photooxygenation of 
1,5-dihydroxynaphthalene lead directly to the 
Natural Product Juglone (herbicide and dye 
properties)

– Avoids problematic metallic oxidants (Ag2O, MnO2) or 
organic congeners (2,3-dichloro-5,6-dicyano-1,4-
benzoquinone – DDQ)

Photosensitizer (T1)

Photosensitizer (S1)

Photosensitizer (S0)

O2
 (3Σg)

O2
 (1∆g)

Triplet oxygen
"ground state"

Singet oxygen

Intersystem
crossing

Visible light
(400 nm - 800 nm)

Photooxygenations
Photocatalytic

Cycle

N

HN

N

NH

Ph

Ph

Ph

Ph

Tetraphenylpophyrin
(TPP)

OH

OH O

OOH

LED, tr
 = 10 min+ TPP

1,5-dihydroxy
naphthalene

Juglone



Summary and Q&A



Summary

• Hopefully the workshop has given you some insight into how 
flow chemistry can help your applications.

• Topics covered:
– Principles and benefits of flow chemistry 
– Looked at some diverse chemical applications.
– Introduced the Asia flow chemistry system 
– Seen some live flow chemistry experiments

• A special thank you to Analytic Laboratory for arrange the 
workshop and to Dr Ioana Hossu from ICECHIM for her 
contribution



Questions?

Email : info@syrris.com



Thank you for 
your attention.
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