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Awarded Project-Innovative Continuous Flow Process
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Figure 1. Illustration of the innovative process.

Scheme 1. Batch Mode Decarboxylation Reaction
 

Scheme 2. Continuous Decarboxylation Reaction

Figure 2. Self-assembled 
equipment for the 
continuous processes 
(a) Continuous Reactor, 
(b) Continuous 
Decolorization Fixed-
bed, 
(c) Continuous 
Extraction and 
Separation Equipment,
(d) Continuous 
Concentration 
Instrument.
 

Figure 3. Interface of the self-designed Control System.
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Awarded Project-Outcome

 Conventional-Batch New-Continuous Flow

Instrument volume

Each batch line 14,000 L

(5000 L reaction + 3000 L decolorization 
+ 3000 L extraction & separation +3000 

L concentration.)

We need 9 such lines, and the total 
volume is 126,000 L.

One continuous line 605 L

(15 L reactor + 300 L decolorizaiton 
fixed bed + 90 L extraction & separation 

+ 200 L concentration.)

We only need 1 such line for the 
described campaign.

PMI 12 8

Energy consumed 35.6 kW/kg product 1.6 kW/kg product

Space footprint Over 300 m2 for 9 lines 15 m2

Labors per shift > 20 1
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2 MT
PRODUCTS 
IN 10 DAYS
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Application to safer, more 
stable,  & higher-yield processes

q High temperature or pressure  
q High energy 
q Cryogenic 
q Highly reactive and air-sensitive 
q Toxic and/or stinky agents
q Unstable intermediates 
q Prohibited conditions

Reaction types

q Nitration
q Diaza chemistry
q Curtius rearrangement
q Fluorination
q Bromination
q Decarboxylation/Esterification
q Photo chemistry
q Electrolysis reaction

Flow Chemistry
Micro-channel 
flow reactors
(gram scale)

Glass

Stainless steel

Stainless steel

SiC

Stainless steel

SiC

PFA

Pilot & manufacturing 
flow reactors

(kg to MT scale)

From R&D to    
Pilot to 

Commercial 
Manufacturing
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Telescoped Flow Example

• 2 steps telescoped
• Lithiation, substituation 

& decarboxylation
• Yield: 86%
• Kg production

• SM&IM1 decompose in 
the reaction condition, 
making batch process 
unfeasible

• 2 steps telescoped
• Condensation & 

rearrangement
• 50kg production
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q Photo-catalytic reaction by visible-UV light  is green and less energy-intensive.  However, one major challenge is scale-up. 

q Photochemistry in flow benefits from more uniform irradiation than in batch, resulting in faster and more selective transformation 
which makes scale-up possible.

flow

light

Kilo lab scale
(Self assembled)

Volume:10-100mL

Manufacturing scale
Volume:1-20L

Easy to multiply capacity
Largest scale done: >1 MT

Volume:1-5mL

Photo-Flow Reactors  

Reactor Design:  
q According to different reaction conditions, 

the reactors are designed and assembled 
flexibly by PB’s equipment engineers.

q Volume: from 1 mL to 20 L
q Light source (LED): 254 nm, 305 nm, 365 

nm, 390 nm, 400-450 nm, 500-560 nm, 
white light

q Explosion proof 
q Cooling system: -70 ℃ to 50℃ 
q Pressure：0 to 2 MPa
q Corrosion resistance: Acid 

(HCl,HBr,H2SO4,HNO3,TFA···) and Base 
(NaOH, KOH, LiOH···)
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Wide Applications of BCP in Drug Discovery
Unique solutions for critical medicinal chemistry issues, broadening patent space, etc.

A) Characteristic of BCP ring; B) BCP as a bioisostere of phenyl ring provides solutions for low solubility, low metabolic stability, etc.; C) BCP used in discoveries of PROTAC and ADC.

A B

C

2.8 Ả

5.7 Ả

1.7 Ả

4.7 Ả

• Linear
• Planar
• 6 carbons

• Linear
• Spherical
• 5 carbons
• Sp3-riched

WO2015110935

WO2022232834

WO2022152821
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Manufacturing Capability
Flow chemistry and other state-of-the-art technologies integrated in manufacture of 
BCP products

CHBr3, Pinacol, 
Dibenza-18-crown-6, 

50% NaOH

RT – 40 ℃
4 days
55%

CH3Li

-50 ℃ - RT
16 hours

75%

hv
Flow chemistry

80%

10% NaOCl
NaOH

0 ℃ - RT
16 hours

80%

> 1000 kg/month
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BCP Building Blocks Supply
Science-driven design and robust synthesis of diverse BCP building blocks

• Science-driven design for novelty and diversity
• Strong chemistry for challenging molecules
• From lab to manufacturing for sustainable supply

Amines Acids Multiple functionalized Bulk BBs
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Continuous Flow Manufacturing
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Zhejiang Manufacturing Site

FR-SS316L,  2L/min, 6MPa, -20-280oC

FR-Chip-HC,  2 L/min, 5MPa, -60-200oCFR-SiC,  4L/min, 1.8MPa, -40-200oC

FR-PFA,  2L/min, 2MPa, -20-100oC MH-SS316L,  2L/min, 6MPa, 
-20-200oC

HIGHLY AUTOMATED 
COMMERCIAL SCALE
• Micro-channel reactors
• Continuous tubular reactors
• Flow hydrogenation
• Photo flow rectors

Modular flow photoreactor
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Cryogenic Reactions Diazotization Reactions

Product Scale

> 200 kg

> 17 kg

> 60 kg

> 250 kg

Product Scale

> 65 kg

> 40 kg

 > 10 kg

> 200 g

Product Scale

> 110 kg

> 9 kg

> 130 kg

> 10 kg

Product Scale

> 1 kg

> 1 kg

> 100 g

> 100 g

Flow Chemistry Examples_1
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> 200 kg

Product Scale

> 2 kg

> 5 kg

> 340 kg

> 200 kg

Product Scale

> 10 kg

> 9 kg

> 500 g

> 1 kg

Product Scale

> 60 kg

> 8 kg

> 10 kg

> 500 g

> 500 g

Product Scale

> 10 kg

> 1 kg

> 100 g

> 2 kg

Product Scale

> 4 kg

> 100 g

Nitration Reaction Curtius Rearrangement Oxidation Reaction Ozonization Reaction

Flow Chemistry Examples_2
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Reaction Scheme Production Scale

> 80 kg

> 10 kg

> 10 kg

> 2 kg

> 100 kg

Reaction Scheme Production Scale

> 100 g

> 100 g

> 1 kg

> 20 kg

> 70 kg

SO2NH2
R

BrR

SO2NH2
R

R

NBS

hv

HO OH
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hv

O O
[H]

N

O
R

R
N

O
R

R

cat.
hv

N OO

R

R

N OO

R

R

cat.
hv

Flow Photocatalytic Cases
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Focused on the heterogeneous catalysts

Supported Catalyst
(1-10 nm nanoparticles)

Carrier

Metal Precursor

Catalysts high throughput screening and evaluation 
(Tailored catalysts):

6-in-1 batch reactor and micro-packed bed reactor

Process development:
with micro-packed bed reactor

6-in-1 batch reactor 
for catalyst screening 

Micropacked bed reactor in kilo lab 

Scale up:
Annual output at hundred MT scale

Catalysts research & 
preparation

e.g. 
Pd(OH)2/Al2O3

20 nm

TEM image

Nanoparticles

Micropacked bed reactor in pilot plant

Micropacked Bed Hydrogenation

Catalyst preparation and screening

Experience based design & CAD of instruments

Characterization and tailored manufacturing process
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Micropacked Bed Hydrogenation: Examples

Reaction Product Yield Scale

Deprotection > 92% > 2MT

Deprotection > 95% > 2 MT

Reductive 
amination > 80% > 100 kg

Selective nitro 
reduction > 90% > 500 kg

Asymmetric 
hydrogenation > 90% > 10 kg

Reaction Product Yield Scale

Selective 
dehalogenation > 80% > 10Kg

Pyridine 
reduction > 75% > 200 kg

Phenyl ring 
reduction > 90% > 20 kg

Selective alkene 
reduction > 80% > 30 kg

cis-/trans-
Selectivity > 85% > 100 kg
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OUR VISION

To provide better products 
and services through 
innovation of chemistry and 
low carbon technologies in 
R&D and manufacturing.

www.pharmablock.com Follow PharmaBlock on LinkedIn
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