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Abstract

Homogeneous catalysts are frequently used in 

the pharmaceutical industry but suffer from 

problematic separation from the reaction mixture 

and subsequent reuse. As an alternative to 

traditional separation methods like distillation 

and extraction, Organic Solvent Nanofiltration 

(OSN) shows great potential to address the 

challenge of efficiently recovering and reusing 

homogeneous catalysts, without high energy 

usage and cumbersome biphasic separation. 

Here, we demonstrate the effective recovery 

and reuse of homogeneous palladium (Pd) 

catalysts from the reaction mixture using 

commercial OSN membranes in a case study to 

synthesize AZD4625, without altering the 

existing catalyst/ligand system. 
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• Homogeneous catalysts offer high activity and 

selectivity but face challenges in separating 

from the substrate after reaction.

• Those catalysts often contain toxic precious 

metals and costly ligands.

• The removal of those toxic metals to low 

levels is strictly required in pharma industry to 

ensure patient safety.

• Recycling of those catalysts is essential to 

achieve a truly sustainable and economically 

viable process.

• OSN uses membranes stable in organic 

solvents to separate molecules between 

molecular weight of 200-1000 Da.

• The membrane case study is AZD4625 

Stage 1 and 2. AZD4625 is a potent and 

selective inhibitor of KRASG12C, which is a high-

value intractable oncology drug target.

Figure 1 Schematic of OSN and benefits of OSN.

1. Membrane Screening Experiments

Conclusions

• Homogeneous Pd catalysts have been 

separated from reaction mixtures using OSN 

membrane technology.

• The recovered catalyst/ligand were reused up 

to 5 times with a high conversion of over 90%

• To further improve membrane process 

sustainability, the use of bio-derived solvents 

and the addition of solvent recovery are two 

possible routes. 
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Figure 2 Reaction scheme of AZD4625 Stage 1 and Stage 2

• Membrane performance:

2. Diafiltration to Separate Catalyst/Product

3. Catalyst Reuse Experiments

𝑅𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 % = 1 −
𝐶𝑝

𝐶𝑟
∗ 100% 𝑃𝑒𝑟𝑚𝑒𝑎𝑛𝑐𝑒 =

𝑉

𝐴 ∗ 𝑡 ∗ 𝑝

• An ideal membrane should have as high as 

possible catalyst rejection and as low as 

possible product rejection.

Table 1 Membrane permeance and rejection towards the 

catalyst, ligand, and product

• Diafiltration: The diafiltration solvent is added 

at the same rate as the permeate out of the 

membrane unit.

Figure 3 Flowchart of the Minimem cross-flow system with 

an AutoMem system for diafiltration.

• Calculation: Compared with the separation in 

Stage 1, the catalyst separation in Stage 2 

saves 10 diavolume solvents.

• Experiments: Catalyst/product separation in 

Stage 2

Figure 4 Comparison of the calculated catalyst retention 

and product recovery during diafiltration in Stage 1 vs. 

Stage 2.

• 6 Diavolumes of fresh solvent was used 

to achieve higher product recovery. 

• 98.1% products were recovered and 

91.7% of catalyst/ligands were retained.

• The Pd level, which was 900 ppm in the 

feed vessel, decreased to only 12 ppm in 

the permeate.

Figure 5 Schematic of the catalyst recovery and reuse

• The recovered catalyst/ligand is added to the 

same quantity of starting materials as the first 

cycle for further reactions and subsequent OSN 

diafiltration.

• The conversion (Stage 1) maintained a high 

conversion (>90%) for 5 cycles. 

• Both bio-derived solvents and solvent 

recycling are crucial to improve the sustainability 

of membrane process.

4. Improve sustainability

Figure 6 Conversion with time in each reaction cycle

Figure 7 Life cycle assessment comparisons
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