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A Pfizer case study: palladium removal using SiliaMetS Thiol after a 
Buchwald-Hartwig amination
SiliaMetS Thiol was employed by researchers at Pfizer for Pd removal during the preparation of a naphthalenopiperazine HCl salt. 
The product from the Buchwald-Hartwig amination of naphthyl bromide with Boc-piperazine was telescoped as a toluene solution 
and the Boc protecting group was subsequently cleaved with HCl gas to afford the HCl salt containing over 1,300 ppm Pd.

A water / THF solution of this material was then treated with SiliaMetS Thiol (50 wt %) at 35°C for 17 h and, following 
crystallization from water / THF.

F
Br

N
H

Boc
N

F
N

Boc
N

F
N

H
NHCl

F
N

H
N

HCl

+

PdCl2(dtbpf)
(2 mol %)

NaOt-Bu, PhMe
105°C, 2 h

HCl gas
 5°C to r.t.

PhMe / EtOH

90 %

i. SiliaMetS Thiol (50 wt %), 
H2O / THF, 35°C, 17 h

ii. filtration
iii. crystallization from H2O / THF

90 %

F
N

H
N

HCl

107 g
1,325 ppm Pd

97 g
2 ppm Pd

Conclusion
The HCl salt was obtained with a 90 % yield with only 2 ppm Pd. This chemistry was demonstrated on a kilogram scale.

 J. Magano et al., J. Synth. Commun., 2008, 38, 3631-3639 
Research API, Pfizer Global Research and Development, Connecticut, United States 
Separation Sciences, Pfizer Global Research and Development, Connecticut, United States 
Research API, Pfizer Global Research and Development, Michigan, United States 
Supply Chain API, Pfizer Global Research and Development, Michigan, United States

An AstraZeneca case study: palladium removal using SiliaMetS Thiol
AstraZeneca published a paper on removal of palladium impurities in a pilot-scale process. 

The work-up method found to work the best was a treatment with SiliaMetS Thiol (25 % w/w or ~1.4 kg) at 50°C to purify more than 
6.7 kg of material. Final residual palladium concentration was as low as 1 - 2 ppm.
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 P. Ryberg et al., Org. Proc. Res. Dev., 2008, 12, 540-543 
Process Chemistry, AstraZeneca PR&D, Sweden
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http://pubs.acs.org/doi/abs/10.1021/op800020r
http://pubs.acs.org/doi/abs/10.1021/op800020r
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Circumventing an unexpected catalyst poisoning in a Suzuki coupling 
In one project, ring methoxylation of a chloronicotinate was achieved by scientists at Dart NeuroScience and Accela ChemBio, 
followed by a one-pot Suzuki-coupling to yield a biaryl intermediate, one that was needed on a KG scale in further synthetic steps.
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Consistent and excellent results were first obtained from R&D (mg-scale) up to a first cGMP process-scale tryout (6.4 kg). Yet, 
subsequent couplings on other batches gave practically no expected birayl compound. Instead, the first methoxylation product 
simply hydrolyzed from its ester form to the corresponding carboxylic acid!
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After investigation, the only time the team could reproduce the non-reactive behavior of the reaction was upon intentionally 
omitting the Pd(OAc)2 catalyst – hence the idea of catalyst poisoning – but the reaction could still be conducted by adding some 
more palladium in the reaction mixture (up to 5 %). This also leads to downstream issues, as higher palladium loading also 
implies higher residual palladium, which can greatly impair subsequent reactions. 

Among all metal removal strategies, it was the use of SiliaMetS Thiol that proved to be the best protocol for a simple, fast and 
efficient removal of palladium. The Pd levels were thus lowered below 200 ppm. The team concluded that “The subsequent Pd 
removal step was carried out as planned, and the remainder of the GMP synthesis proceeded well to provide final API in the 
desired quantity and purity”, as the expected biaryl intermediate was isolated in 73 % yield and 98 % purity.

Initial and/or residual metal content was not disclosed.

 Liu, J. et al. Org. Process Res. Dev., 2018, 22, 111-116 
Dart NeuroSciemce L.L.C., California, United States 
Accela ChemBio Ltd, Shanghai, China

Removal of   Pd

Development and scale-up to improve an API’s physiochemical and bulk 
powder properties
Purification process for TAK-117, a selective PI3Kα inhibitor currently in Phase 1b of clinical trials, was developed and greatly improved the 
overall purity, recovery, physiochemical and bulk powder properties of the isolated product, which was obtained after a Suzuki coupling.
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A purification process is required to control the Pd levels within International Conference on Harmonisation (ICH) guidelines.

The revised process was found to produce purified material across a total of 6 batches at 15 and 30 kg scales.  
Original protocol subjected TAK-117 to 2 treatments with decreasing quantities of GCB and SiliaMetS Thiol scavenger (20 wt % 
each then 10 wt % each). New protocol uses SiliaMetS Diamine (80 wt %) and GCB (20 wt %).

Initial and/or residual metal content was not disclosed.

 Papageorgiou, C. D. et al. Org. Process Res. Dev., 2018, 22, 296-305 
Takeda Pharmaceuticals International Co., Process Chemistry, Cambridge, United States

Removal of   Pd
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Discovery of small molecule splicing modulators of survival motor neuron-2 
(SMN2) for the treatment of Spinal Muscular Atrophy (SMA)
Spinal muscular atrophy (SMA), a rare neuromuscular disorder, is the leading genetic cause of death in infants and toddlers. 
SMA is caused by the deletion or a loss of function mutation of the survival motor neuron 1 (SMN1) gene. 
SMN2 (survival of motor neuron 2) is a closely related gene which can partially compensate for the loss of SMN1, however 
coding for a less stable SMN protein.

In recent years, modulating SMN2 pre-mRNA splicing has greatly improved SMA treatments by means of the discovery of 
LMI070 / Branaplam, a small molecule stabilizing interaction between the spliceosome and SMN2 pre-mRNA.

An efficient two-step synthesis of Branaplam (from an advanced intermediate S2) was developed to avoid late stage 
demethylation which proved challenging upon scaling. Suzuki coupling occurred between pinacol ester of (4-chloro-2-
hydroxyphenyl)boronic acid and pyridazine intermediate S2 in the presence of PdCl2(dppf), CH2Cl2 and sodium carbonate, 
followed by a second Suzuki coupling catalyzed by BrettPhos palladacycle with 1-Boc-pyrazole pinacol boronate to form the 
Boc protected intermediate. After stirring overnight in the presence of 1M HCl, and then treated with SiliaMetS DMT (5 mmol, 
2 equiv) for 20 h, Branaplam was obtained in good overall yield (65 %).
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Initial and/or residual metal content was not disclosed.

 Cheung, A. K. et al. J. Med. Chem., 2018, 61, 11021-11036 
Novartis Institutes for Biomedical Research & Novartis Pharmaceuticals, Cambridge, United States
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Development of a scalable synthesis of an IDO1 inhibitor featuring a 
stereospecific Suzuki coupling of a cyclopropane carboxylic acid
A modified synthetic route to an IDO inhibitor was developed, which synthetic steps comprised a chemoselective nitro reduction, 
a Miyaura coupling (Scheme 1) followed by a key stereospecific Suzuki coupling (Scheme 2). A systematic evaluation of the 
Suzuki conditions led to the identification of a robust catalyst/ligand/base combination to reproducibly duplicate the coupling 
reaction on large scale, without recourse to chromatography given optimized purification methodology.

Post-reaction treatment included activated charcoal (for pigments, inorganics...) and SiliaMetS Thiol (for residual Pd): following 
the reaction work-up, the organic layer was stirred over activated charcoal (125 g) at 20 - 30°C for 2 h. SiliaMetS Thiol (1.3 kg) 
was charged to the mixture, and the slurry was stirred for 16 h at ambient temperature and filtered through Celite.
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Purification of final IDO inhibitor was done by treatment with activated charcoal and SiliaMetS Thiol for removal of pigments, 
inorganics and residual palladium. After the work-up, the organic layer was distilled under reduced pressure, and the resultant 
brown viscous liquid was dissolved in MTBE (8 L).

Activated charcoal (40 g), silica gel (300 g), and SiliaMetS Thiol (300 g) were added into this solution and stirred at 20 - 30°C for 
18 h. The slurry was filtered through Celite.

Overall, the API was delivered in high quality (> 99 %) and good yield (42 %, less than 10 ppm of Pd) for a 5-step synthesis.
1 Indoleamine-2,3-dioxygenase is a heme-containing intracellular enzyme

 Vaidyanathan, R. et al. Org. Process Res. Dev., 2018, 22, 888-897 
Chemical Development and API Supply, Bristol Myers Squibb Research and Development Center, India

Removal of   Pd
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Enantiomer N-1 substituted tetrazole prodrug synthesis
The authors of the study performed a regioselective tin-mediated alkylation to access the N-1 alkylated tetrazole isomer. A highly 
selective enzymatic hydrolysis provided the desired prodrug enantiomer. For the final fragment union, a Suzuki-Miyaura coupling 
was employed, leading to the need to eliminate both tin and residual palladium catalyst from the API in multikilogram quantities.

Purification was done adding 10 kg of SiliaMetS Thiol to 18.9 kg of the crude product solubilized in 2-MeTHF. The suspension was 
heated to 60°C for 2 h, then cooled to 2°C to isolate the compound. A 83 % yield was acheived with 99.1 % purity, having less    
than < 2 ppm of Sn and 9 ppm of Pd. 

 

 Akin, A. et al. Org. Process Res. Dev. 2019, 23, 8, 1167 - 1777                                                                                                                                                       
Pfizer Groton

Removal of          &   Sn  Pd
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Improved synthetic route and scale-up of GSK973 using SiliaMetS Thiol for 
Pd removal
The team at GSK worked on improving the synthetic route to GSK973 for larger scale synthesis in order to provide sufficient 
material for pre-clinical efficacy and safety studies for oncology trials. GSK973 is an inhibitor of the second bromodomains.

Overall, this study managed to:

 -  Reduce the number of steps (from 10 to 7) 

 -  Transform the synthesis into a more environmentally friendly, greener process due to solvent changes and total quantities 

 -  Improve the synthesis’ reliability and scalability 

 -  Increase overall yield (from 10 to 25 %)

 -  Lower the dependency for flash chromatography at large scales 

One of the objectives was to reduce the number of steps. The carbonylation/saponification/amide coupling sequence 
was replaced with a one-step aminocarbonylation. Basing themselves on a set of conditions previously optimized for an 
aminocarbonylation of another compound of interest, the researchers reused and adjusted the parameters for the synthesis 
of GSK973 on a 300 mg scale prior to scaling up. The adjustments were done in accordance with GSK’s guidelines on green 
chemistry. Good yields were obtained at the small scale. 

While scaling-up, lower conversions arose due to the limited solubility of the compound in the solvent used (n-butyl acetate). 
Switching the solvent to 1,4-Dioxane and increasing the catalyst loading, succeeded in converting 100 % of the starting material, 
with 87 % isolated yield on the 5 g scale and 95 % isolated yield on the 45 g scale.
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Reagents and conditions: (a) CO (1 atm), 5 mol % (Pd(OAc)2, 5 mol % Xantos, 
1.3 equiv amine·HCl, 2.5 equiv 2,6-lutidine, 1,4-dioxane, 85°C, 16 h, 95 % 
(97 % pure by LCMS); (b) Si thiol resin, CH2Cl2 /MeOH, room temperature, then 
trituration in EtOAc, 83 %.

While the product obtained at this step was initially purified by flash chromatography, at a larger scale, flash chromatography 
could be avoided by scavenging the residual Pd catalyst using SiliaMetS Thiol. The recovered product was simply triturated, 
filtered, and concentrated under vacuum to give the resulting product with a yield of 83 % with over 99 % of purity. Both 
enantiomers (± in Figure) were finally separated by chiral preparative HPLC, and enough material was recovered for the 
subsequent in vivo efficacy and toxicology studies.

 Alder, C. et al. Org. Process Res. Dev., 2022, 26, 365-379

Removal of   Pd
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Multi-kilo delivery of AMG 925 featuring a Buchwald-Hartwig amination and 
processing with insoluble synthetic intermediates 
Amgen describes the development of a synthetic route to manufacture the drug candidate AMG 925 on kilogram scale. The 
synthetic route features a Buchwald-Hartwig amination using BrettPhos as ligand and conducted to afford 12 kg of product in a 
single batch.

Yet, the target levels of heavy metal in the drug substance AMG 925 were < 100 ppm, much lower than that found in the crude 
Buchwald-Hartwig product (700 - 800 ppm). 
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After the screening of potential scavengers, SiliaMetS Thiourea was selected as the scavenger of choice since it was the most 
effective. At 100 wt % relative to crude product, in 80 % (v/v) toluene/MeOH and a total of 15 volumes of solvent, it afforded 
product in 90 % with less than 2 ppm of residual Pd.

 Caille, S. et al. Org. Process Res. Dev., 2015, 19, 476-485 
Amgen Inc., Thousands Oaks, California

Removal of   Pd
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Pd scavenging after a Suzuki-Miyaura coupling using a GlaxoSmithKline 
published reaction
A metal scavenging study was performed following the synthesis of a key synthetic intermediate obtained by the Suzuki-Miyaura 
coupling presented in scheme below. Various parameters were investigated including the efficiency of SiliaMetS in different 
formats, scavenging kinetics, intermediate recovery and purity.
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Small-Scale Scavenging (Synthesis Scale ~ 5 g)
The table below shows the most efficient SiliaMetS Metal Scavenger products for the treatment of the reaction mixture after 
work-up in both bulk and fixed-bed mode bed (pre-packed SPE cartridges).

SiliaMetS Scavenging Efficiency & Intermediate Recovery Results (in %)

Scavengers
Batch Reactor Mode (Bulk) Fixed-Bed Mode (SPE)

Intermediate Recovery
5 equiv, 4 h, 22°C 5 equiv, 4 h, 40°C 6 mL / 1 g

SiliaMetS Thiol 95 > 99    98 > 99

SiliaMetS Thiourea 83    93    99    98

SiliaMetS Cysteine 84    91    97 > 99

SiliaMetS DMT 97 > 99 > 99    98

Initial Pd Concentration  179 ppm in MTBE 76 ppm in Toluene -

Scavenging Conclusion
Addition of 5 equivalents of SiliaMetS products for 4 h at the end of the reaction reduces the residual metal concentration to 
single digit ppm.

Recovery & Purity Conclusion
Palladium was completely removed, while the organic compound was not sequestrated by SiliaMetS products. 
No impurities were released.

Larger Scale Scavenging (Synthesis Scale ~ 55 g)
SiliaMetS Metal Scavengers in pre-packed SiliaSep Flash Cartridges are a great 
alternative for metal removal at process development scale. These cartridges 
offer excellent scavenging efficiency as shown by the results in associated table.

After the first run, almost all the palladium was captured.

After three runs, less than 1 ppm remained in solution.

Results

SiliaSep Scavenging Results (in %)

Run # Scavenging

1    97

2    99

3 > 99

Initial Pd Concentration: 700 ppm in AcOEt

Experimental Conditions

Scavenger Used SiliaMetS Thiol

Cartridge Size 120 g  

Nb. Equivalent 25 equiv

Solution Volume 1 L

Flow Rate 40 mL/min

 J. F. Toczko et al., Org. Proc. Res. Dev., 2008, 12, 896-899 
Chemical Development, GlaxoSmithKline, North Carolina, United States

Removal of   Pd
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Suzuki-Miyaura cross-coupling synthesis of GDC-0084, a glioblastoma 
multiforme cancer inhibitor
GDC-0084 is a BBB (Blood-Brain Barrier)-inhibitor of the PI3K pathway, where GBM cancer cells reside.  

In order to remove residual palladium from the API, a scavenging study using 40 functionalized resins, silicas & activated carbon 
was performed. Representative samples containing 2,400 ppm Pd were exposed to SiliaMetS Scavengers (20 wt % loading, 14 h) 
in a solvent mixture of THF and HOAc (67:33).

Both SiliaMetS Thiol & Thiourea were chosen for lowering residual Pd to ≤16 ppm in G-scale experiments.

On KG-scale, a mixture of the two scavengers was used.
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 Stumpf, A. et al., ACS Symp. Series, 2016, 6, 147-173 
Genentech Inc., San Francisco, United States

Removal of   Pd

Have a Scavenger Success Story?

Interested in sharing your scavenging application as one of our customer success stories? We would love to hear from you!

The get started, simply send us an email at scavengers@silicycle.com with your projects details. Details can include project title, 
challenges faced, project info such a procedure and results, and of course how SiliaMetS made an impact. Bullet point is fine 
and the more details the better!

A member of our team will then contact you to get more information if needed and send over a first draft of your Case Study 
for you to review plus provide any feedback. Once you are satisfied and have approved the final draft, we will then share it for 
others to learn from!
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