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Comparison Between SiliaMetS 

Metal Scavengers and Other 

Sorbents  

Although metal catalysts greatly facilitate many synthetic 
reactions, once the desired product is obtained, the 
residual metal must be removed. Chromatography and 
scavenging are two ways to remove such impurities. This 
Application Note offers a comparison of these two different 
techniques to remove left over metals, herein rhodium, from 
a cycloisomerization catalytic reaction, and includes a 
comparison of metal scavengers from different 
manufacturers.  

about SiliaMetS in our brochure “Solutions for 
Scavenging of Metal & Organic Impurities”. 
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Due to health concerns, impurities arising from residual metal from catalysts need to be removed from active pharmaceutical 

ingredients (API). The International Conference on Harmonisation (ICH) regulatory guidelines (which came into effect for all new 

pharmaceutical products on June 1st, 2015 and all existing pharmaceutical products on December 1st, 2015) has assigned 

Permitted Daily Exposure (PDE) limits for elemental impurities, including but not limited to heavy metals.  

For this comparison study, the cycloisomerization step in the synthesis of a potential API in which rhodium (Rh) is used as catalyst 

was done. This resulted in 1.43 g of untreated product contaminated with 1,925 mg/kg of Rh. The synthesis sequence adapted 

from Zhang et al.1 is shown in Figure 1.  

Figure 1: Synthesis of 5-bromo-4,6-difluoro-1H-indole (4)

Residual Rh must be removed from the product and two purification techniques have been compared: standard chromatography 

and scavenging.  

Chromatography 

Chromatographic purification is widely used in the industry for removal of different impurities, including metals. Following the 

catalytic reaction, 1.43 g of untreated product contaminated with 1,925 mg/kg of Rh was purified by gravity chromatography. Bare 

silica (F60 superior grade, 40 - 63 µm, 60 Å, 55 g) with a gradient of 10 % to 30 % acetone in hexanes was used as the eluant. 

Approximately 600 mL of solvent was required, including the conditioning step. Metal impurities were detected by ICP-OES. The 

purified product was obtained with 85 % yield and a leftover concentration of Rh of 365 mg/kg. 

Metal Scavenging 

As opposed to chromatography, metal scavenging is easier to scale-up, compatible in a wider range of solvents, more selective 

towards metallic impurities and requires reduced quantities of solvent. In this regard, metal scavengers from different 

manufacturers were tested and compared for the removal of Rh. 

Previous experiments with Rh scavenging identified SiliaMetS Imidazole, Diamine, and Triamine as promising scavenging 

candidates.2 With this information, different scavengers with similar functionalities from various suppliers were tested and the 

scavenging yields obtained are presented in Tables 1, 2, 3, and 4. 

1 Zhang et al. Org. Process. Res. Dev. 2018, 22, 681-696. 
2 Application Note Appn_EP003-0 
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All products were subjected to a pre-treatment with SiliaCarb activated carbon (125 % w/w, 4 h in methanol, 91 g/L, at room 

temperature) as it has been observed to help in achieving the highest possible scavenging yields. Scavenging was tested on 

products contaminated with a remaining Rh concentration of 81 mg/kg (100 % w/w, in ethyl acetate, 20 g/L, at room temperature).  

 

 

Imidazole Function 

 
Table 1: Effect of scavengers with functionalities like SiliaMetS Imidazole 

 

Effect of scavengers with functionalities like SiliaMetS Imidazole 

Scavenger Matrix Function 

1 h 4 h 20 h 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

SiliaMetS Imidazole SiO2 Imidazole 40 49 40 49 47 43 

Product 1A Polymer Imidazole 16 68 16 68 21 64 

Product 1B Polymer Imidazole 22 63 23 62 35 53 

 

 
Three scavengers with imidazole functions were compared in Table 1. The two imidazole functionalized scavengers from the other 

manufacturers were polymeric rather than silica-supported. It must be noted that silica-supported scavengers are easier to work 

with because of the absence of static and the lack of extensive washing requirements. Moreover, silica-supported scavengers do 

not swell like polymers do.3 That being said, SiliaMetS Imidazole offered the best scavenging yield of the three and reduced the 

Rh residual concentration down to 43 mg/kg.  

 

 
Amine and Multi-Amine Functions 

 
Amine functionalized scavengers were divided on whether they contained one, two and three amine functions, with the results 
separated into Tables 2, 3 and 4 respectively.  
 

 
Table 2: Effect of scavengers with functionalities like SiliaBond Amine 

 

Effect of scavengers with functionalities like SiliaBond Amine 

Scavenger Matrix Function 

1 h 4 h 20 h 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

SiliaBond Amine SiO2 Amine 31 56 31 56 33 54 

Product 2A Polymer Benzylamine 21 64 24 62 34 53 

Product 2B SiO2 
Aminoethyl 
sulfide 

21 64 21 64 21 64 

Product 2C SiO2 Amine 25 61 26 60 32 55 

Product 2D Polymer Amine 12 71 12 71 18 66 

 

 

Table 2 presents the scavengers with a single amine function. Two of the scavengers tested bore different functions which 

could lead to a different scavenging mechanism. The first included an aromatic function: a polymer functionalized with 

benzylamine (Product 2A) for which the scavenging yield was comparable to SiliaBond Amine after 20 h. In this case, the 

extended reaction time was essential since the scavenging yield was lower after 1 h and 4 h. This was expected because of 

the slower kinetics of polymer supported scavengers. The other scavenger with a different grafting bore an aminoethyl sulfide 

function (Product 2B). However, the scavenging yield was inferior to the one obtained with SiliaBond Amine (residual 

concentration of 54 mg/kg obtained after 20 h). It can also be noted that Product 2C showed slower kinetics, similar to  

Product 2A, needing 20 h to reach a similar scavenging yield as SiliaBond Amine after only one hour. The scavenging yield 

obtained with Product 2D was the lowest. 
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Table 3: Effect of scavengers with functionalities like SiliaMetS Diamine 

 

Effect of scavengers with functionalities like SiliaMetS Diamine 

Scavenger Matrix Function 

1 h 4 h 20 h 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

SiliaMetS Diamine SiO2 Diamine 37 51 38 50 44 45 

Product 3A Polymer Diamine 0 81 0 81 0 81 

Product 3B SiO2 Diamine 12 71 13 70 17 67 

 

 

As expected with the preliminary tests, scavengers bearing two and three amine functions performed better than scavengers with 

a single amine function. As seen in Table 3, up to 44 % scavenging yield was obtained with SiliaMetS Diamine reducing the Rh 

concentration to 45 mg/kg. However, the homologous scavenger (Product 3B) performed poorly with a weak 17 % scavenging 

yield and the one on a polymer matrix (Product 3A) did not show any sign of scavenging at all.  

 

 

Table 4: Effect of scavengers with functionalities like SiliaMetS Triamine 

 

Effect of scavengers with functionalities like SiliaMetS Triamine 

Scavenger Matrix Function 

1 h 4 h 20 h 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

Scavenging 
yield (%) 

Residual Rh 
(mg/kg) 

SiliaMetS Triamine SiO2 Triamine 33 54 34 53 42 47 

Product 4A SiO2 Triamine 28 58 29 58 35 53 

Product 4B SiO2 Triamine 31 56 33 54 39 49 

Product 4C SiO2 Triamine 0 81 0 81 0 81 

Product 4D SiO2 
Triaminoethyl 
sulfide amide 

19 66 19 66 24 62 

 

 

Table 4 shows all silica-supported scavengers with triamine and triamino functions. SiliaMetS Triamine was the one offering the 
best scavenging yields, reducing the Rh concentration to 47 mg/kg. Some other scavengers showed limited scavenging yields   
(< 25 % after 20 h) and even no scavenging at all.  

 

 

Conclusion 
 

 
In conclusion, the lowest residual Rh concentration was obtained with SiliaMetS Imidazole with a SiliaCarb pre-treatment, 
reducing the Rh concentration to 43 mg/kg.  To compare with traditional chromatography, the residual Rh concentration 
obtained was 365 mg/kg which is 4.5 times more than an activated carbon pre-treatment and almost 8.5 times more than the 
most performant scavenger.  
 
Moreover, comparing the amount of solvent needed, 1.43 g of product needed 600 mL of solvent to be purified by 
chromatography, whereas 2.0 g of product needed a total of 120 mL of solvent: for the SiliaCarb pre-treatment (20 mL) and 
SiliaMetS scavenging (100 mL). This difference becomes noteworthy when scaling-up.  
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