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SiliaMetS®
 

Different Ways of Removing 

Rhodium 

For the synthesis of Active Pharmaceutical Ingredients 
(API), rhodium is one of the catalysts of choice. According 
to the International Council for Harmonization (ICH) 
guidelines, leftover metallic and elemental impurities should 
be reduced below a certain amount from the final products. 
This Application Note details different options to minimize 
residual rhodium contamination in a crude product: silica 
gel chromatography (SiliaFlash), activated carbon 
(SiliaCarb), metal scavengers (SiliaMetS) and radial flow 
cartridges (E-PAK). 

about SiliaMetS in our brochure “Solutions for 
Scavenging of Metal & Organic Impurities”. 
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A model reaction using a rhodium (Rh) catalyst, was used as the basis to showcase the different ways that residual Rh 
concentration can be controlled. The reaction is the synthesis of a potent activator of β1-containing isoform of adenosine 
monophosphate-activated protein kinase, adapted from Zhang et al. as seen1 in Figure 1. 

Figure 1: Rhodium catalyzed cycloisomerization reaction

The Rh concentration in the crude product was measured at 1,925 ppm. To reduce this impurity chromatography with silica gel, 

scavenging using SiliaCarb Activated Carbon, SiliaMetS silica supported scavengers and E-PAK radial flow cartridges were 

explored and compared. 

Chromatography with Silica Gel 

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

aforementioned catalytic reaction, 1.43 g of untreated product was contaminated with 1,925 ppm of Rh and purified by gravity 

chromatography. The column was packed with bare silica (F60 superior grade, 40 - 63 µm, 60 Å, 55 g) and a gradient of 10 % 

to 30 % acetone in hexanes was used as the eluant. Approximately 600 mL of solvent was required, including for the 

conditioning step. Metal impurities were detected by ICP-OES. The purified product obtained had a 85 % yield and a leftover Rh 

concentration of 365 ppm.   

Scavenging Using SiliaCarb Activated Carbon 

Activated carbons are known to remove certain impurities, such as metals, from crude products. For the initial screening, each 

SiliaCarb Activated Carbon (50 and 100 % w/w to API) was pre-weighed in polypropylene tubes suited for a multi-reaction 

apparatus. Crude API in ethyl acetate was then added into each tube before being orbitally shaken at room temperature for 

either 1 h or 4 h. Then, each solution was collected and filtered (0.45 μm), providing samples to be analyzed by ICP-OES for Rh 

content. 

Table 1: Rhodium scavenging (%) using 50 and 100 % w/w of activated carbon/API at 22°C in ethyl acetate for 1 h and 4 h 

 Rhodium scavenging (%) using 50 and 100 % w/w of activated carbon/API at 
22°C in ethyl acetate for 1 h and 4 h 

Carbon 
1 h 4 h 

50 % w/w 100 % w/w 50 % w/w 100 % w/w 

SiliaCarb C-CA 68 85 83 91 

SiliaCarb C-HA 63 77 69 82 

SiliaCarb C-VA 35 48 41 57 

SiliaCarb C-VW 67 81 73 86 

1 Zhang et al. Org. Process. Res. Dev. 2018, 22, 681-696 
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After the first screening, SiliaCarb C-CA gave the best scavenging yield out of the four activated carbons tested. To further 

improve scavenging efficiency, the same test was repeated for 4 h and 24 h with the addition of two more sample ratios (Table 

2) specifically for SiliaCarb C-CA.

Table 2: Rhodium scavenging (%) of four SiliaCarb C-CA/API samples at room temperature in ethyl acetate for 4 h and 24 h 

 Rhodium scavenging (%) of four SiliaCarb C-CA/API samples at 22°C in ethyl acetate for 4 h and 24 h 

Carbon 
50 % w/w 100 % w/w 150 % w/w 200 % w/w 

4 h 24 h 4 h 24 h 4 h 24 h 4 h 24 h 

SiliaCarb C-CA 83 84 91 91 93 94 94 94 

Looking at the results from Table 2, SiliaCarb C-CA at 100 % and 150 % w/w gave the best results. The next step was to use 

these results to screen the solvents at different temperatures (Table 3). 

Table 3: Rhodium scavenging (%) using 100 % w/w of SiliaCarb C-CA/API at 22°C and 50°C in various solvents for 4 h 

 Rhodium scavenging (%) using 100 % w/w of SiliaCarb C-CA/API at 22°C and 
50°C in various solvents for 4 h 

Solvent 22°C 55°C 

Ethyl Acetate 91 95 

DMF 50 53 

Methanol 96 96 

THF 74 74 

While temperature had a positive effect on scavenging efficiency at first, with longer contact time the temperature advantage 

became negligible. Interestingly, substantial scavenging differences were observed depending on the solvent. While THF and 

DMF did not allow good adsorption, methanol had the best efficiency toward Rh scavenging. Furthermore, temperature’s 

influence was dependent on the solvent, and in the case for methanol it had no effect. Thus, a subsequent series of tests in 

methanol were performed to evaluate the effect of the amount of SiliaCarb C-CA used (Table 4) at room temperature.  

Table 4: Rhodium scavenging (%) using various % w/w of SiliaCarb C-CA/API at 22°C in methanol for 4 h 

 Rhodium scavenging (%) using 100 % w/w of SiliaCarb C-CA/API at 22°C 
and 50°C in methanol for 4 h 

% w/w Scavenging (%) 

75 93 

100 96 

150 98 

200 99 

Methanol proved to be a better scavenging media than ethyl acetate, with not only slightly higher yields but with the ability to 

work at room temperature to achieve these yields. Using SiliaCarb C-CA Activated Carbon (100 % w/w), the Rh concentration 

was reduced from 1,925 ppm to 81 ppm.  
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Scavenging Using SiliaMetS Metal Scavengers 
 

 

Once the solution had a first scavenging pass with activated carbon, the remaining crude mixture of API underwent a SiliaMetS 

screening and treatment. SiliaMetS Metal Scavengers known for Rh scavenging were first screened to identify the most 

promising scavengers, with pre-weighed portions put into polypropylene tubes suited for a multi-reaction apparatus and followed 

by the addition of the pretreated API solution (81 ppm of residual Rh). As was done previously, the tubes were orbitally shaken 

for 1 or 4 h at two different temperatures, prior to being filtered and analyzed by ICP-OES. The scavenging yields are reported in 

Table 5. 

 

 
Table 5: Rhodium scavenging (%) using 20 % w/w of SiliaMetS/API at 22°C and 50°C in ethyl acetate for 1 and 4 h 

 
 Rhodium scavenging (%) using 20 % w/w of SiliaMetS/API at 22°C in ethyl 

acetate at 22°C and 50°C for 1 and 4 h 

SiliaMetS 

22°C 50°C 

1 h 

(%) 

4 h 

(%) 

1 h 

(%) 

4 h 

(%) 

AMPA 11 16 15 16 

Cysteine 17 22 20 22 

DEAM 7 12 10 13 

Diamine 24 30 27 31 

DMT 20 26 25 28 

Imidazole 22 29 26 31 

TAAcONa 12 18 16 18 

Thiol 8 12 12 12 

Thiourea 13 19 18 20 

Triamine 22 28 26 29 

 

 

From the first SiliaMetS screening, SiliaMetS Diamine, DMT, Imidazole and Triamine proved to be the best scavengers for this 

application (Table 5). Increasing the temperature had little to no effect on the scavenging efficiency. The same experiment was 

therefore repeated with the four most promising scavengers at room temperature, however this time at different w/w ratios to 

determine the best parameters (Table 6). 

 

 
Table 6: Rhodium scavenging (%) using various w/w of SiliaMetS/API at 22°C in ethyl acetate for 1 h, 4 h and 20 h 

 
 Rhodium scavenging (%) using various w/w of SiliaMetS/API at 22°C in ethyl acetate for 1 h, 4 h and 20 h 

SiliaMetS 

50 % w/w 100 % w/w 125 % w/w 150 % w/w 

1 h 

(%) 

4 h 

(%) 

20 h 

(%) 

1 h 

(%) 

4 h 

(%) 

20 h 

(%) 

1 h 

(%) 

4 h 

(%) 

20 h 

(%) 

1 h 

(%) 

4 h 

(%) 

20 h 

(%) 

Diamine 34 36 37 34 39 39 36 40 40 39 42 42 

DMT 26 27 29 25 27 29 27 30 30 28 30 30 

Imidazole 32 33 33 33 35 35 36 37 37 37 39 39 

Triamine 35 36 36 36 37 37 38 39 40 39 40 41 

 

 

The results in Table 6 show that SiliaMetS Diamine and Triamine yielded ~40 % of Rh scavenged in the mixture at 125 % and 

150 % w/w of SiliaMetS/API. To improve the results of the individual scavengers, combinations of two scavengers were selected 

and tested under the same conditions. Various loadings of mixtures were tested to confirm whether mixing scavengers had a 

synergistic outcome. The resulting scavenging yields are presented in Table 7.  
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Table 7: Rhodium scavenging (%) using various w/w of SiliaMetS mixture/API at 22°C in ethyl acetate for 1 h, 4 h and 20 h 

Rhodium scavenging (%) using various w/w of SiliaMetS mixture/API at 22°C in ethyl acetate for 1 h, 4 h and 20 h. 

SiliaMetS Combination 

20 % w/w 50 % w/w 75 % w/w 100 % w/w 

1 h 

(%) 

4 h 

(%) 

20 h 

(%) 

1 h 

(%) 

4 h 

(%) 

20 h 

(%) 

1 h 

(%) 

4 h 

(%) 

20 h 

(%) 

1 h 

(%) 

4 h 

(%) 

20 h 

(%) 

Diamine / Imidazole 33 37 44 42 49 55 46 51 57 48 52 58 

Diamine / Triamine 29 33 40 37 43 49 40 45 51 41 46 52 

Diamine / DMT 31 34 41 38 44 51 45 46 54 47 49 56 

Imidazole / Triamine 24 39 46 40 46 54 45 51 57 47 52 56 

Imidazole / DMT 33 37 43 38 45 51 44 49 54 49 51 55 

Triamine / DMT 33 37 44 39 46 51 44 49 54 45 50 55 

The scavenging yields obtained were higher using a combination of scavengers rather than using them individually, for the 

same amount of scavengers used and contact time, thus demonstrating the synergy of the mixtures. A plateau was reached at 

75 % of each scavenger and increasing the loading to 100 % w/w did not offer significant improvement. All mixtures gave similar 

scavenging yields (up to 58 %), among which the Diamine/Imidazole and Imidazole/Triamine mixtures were left with 40 ppm of 

Rh after 4 h (75 % w/w).    

Scavenging Using E-PAK Radial Flow Cartridges

A 5 x 1 cm E-PAK SiliaCarb C-CA cartridge (containing 5 g of activated carbon) was inserted in the appropriate housing. To pre-

condition the unit, 150 mL of methanol was used. Next, 200 mL of a solution containing 4 g of API in methanol was recirculated 

through the cartridge at room temperature (20 mL/min flow). Samples of 0.5 mL were collected after 1 h, 2 h, 4 h and 24 h, 

followed by an analysis by ICP-OES for Rh content. 

Table 8: Rhodium scavenging (%) and final concentration (ppm) on the E-PAK technology using activated carbon SiliaCarb C-CA at 22°C in methanol 

 Rhodium scavenging (%) and final concentration (ppm) with the E-PAK technology using 

SiliaCarb C-CA at 22°C in methanol 

Initial [Rh] (ppm) 

1 h 2 h 4 h 24 h 

Yield 
(%) 

Residual 
[Rh] (ppm) 

Yield 
(%) 

Residual 
[Rh] (ppm) 

Yield 
(%) 

Residual 
[Rh] (ppm) 

Yield 
(%) 

Residual 
[Rh] (ppm) 

1,925 92.7 54 97.5 48 97.7 44 98.0 39 

The results in Table 8 show that the process decreased the Rh level over a period of 24 hours from 1,925 ppm to 39 ppm 

providing 3.4 g of the target compound (85 % recovery). 

When the bulk scavenging yields are as similar (~50 %) to one another as they are in Table 7, it is recommended to test 

different cartridges in E-PAK to find the best solution. Two cartridges in series were setup with 5 x 1 cm SiliaMetS Metal 

Scavengers (each containing 8 g of grafted silica). First, 300 mL of ethyl acetate (150 mL for each housing) was used to pre-

condition both units at the same time. Meanwhile a solution of 8 g of API pretreated with SiliaCarb C-CA in 400 mL of ethyl 

acetate was prepared in an Erlenmeyer. The entire solution was recirculated through the cartridges at room temperature (10 

mL/min flow). Samples of 0.5 mL were collected after 1 h, 2 h, 4 h, 24 h, and 96 h and analyzed by ICP-OES for Rh content. 
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Table 9: Rhodium scavenging (%) on the E-PAK technology using SiliaMetS at 22°C in ethyl acetate 

 
 Rhodium scavenging (%) on the E-PAK technology using SiliaMetS Diamine (loading of 1.3 mmol/g) and SiliaMetS 

Imidazole (loading of 1.0 mmol/g) at 22°C in ethyl acetate 

Entry 
Cartridge 1 

(w/w %) 
Cartridge 2 

(w/w %) 
1 h 2 h 4 h 6 h 24 h 96 h 

1 SiliaMetS Diamine (100) SiliaMetS Imidazole (100) 53 65 70 70 73 81 

2 SiliaMetS Imidazole (100) SiliaMetS Diamine (100)) 54 65 69 69 72 N/A 

3 SiliaMetS Diamine (75) SiliaMetS Imidazole (75) 44 55 61 63 66 N/A 

4 SiliaMetS Triamine (100) SiliaMetS Imidazole (100) 48 62 65 66 68 N/A 

5 SiliaMetS Imidazole (100) SiliaMetS DMT (100) 47 60 63 65 68 N/A 

6 SiliaMetS Diamine (100) SiliaMetS DMT (100) 52 62 67 68 70 N/A 

7 SiliaMetS Triamine (100) SiliaMetS DMT (100) 59 60 64 66 70 79 

8 SiliaMetS Diamine (100) 
bulk 

SiliaMetS Imidazole (100) 
bulk 

58 61 62 64 68 69 

 

 
The process resulted in a Rh level decrease from 81 ppm after the activated carbon pre-treatment to 22 ppm after 24 hours, and 

up to 15 ppm (81 % scavenging yield) after 96 hours (Table 9, Entry 1).  

 
The position of the cartridges was investigated in Entries 1 and 2. This did not provide any significant change to the scavenging 

yields suggesting that the order of scavenging is not crucial for optimized efficiency. It also proves that the synergy observed in 

bulk (Entry 8) is equally valid with E-PAK. Moreover, the amount of scavenger was reduced in Entry 3, and the resulting 

scavenging yields were similarly reduced. For the remainder of the experiments, 100 % w/w were used. Bulk mode scavenging 

yields were also compared with E-PAK mode scavenging yields and, after 2 hours of contact time, the E-PAK technology 

provided higher scavenging yields. Before 2 hours, the bulk mode yielded slightly more scavenging, which could be explained 

by the time needed for a recirculation through the E-PAK cartridge. Essentially in 1 h, only half a recirculation cycle in the E-PAK 

module had been completed with a 10 mL/min flow rate. 

 

Interestingly, while the combinations of Diamine + Imidazole and Triamine + Imidazole were the most performant synergies in 

bulk, when transferred to the E-PAK mode other combinations also provided comparable results. Diamine + DMT (Entry 6) and 

Triamine + DMT (Entry 7) had equally good scavenging yields, surprisingly slightly higher than Triamine + Imidazole (Entry 4).   

 

 

Conclusion 
 

 
In this Application Note, the removal of rhodium was explored for the clean-up of a cycloisomerization reaction in the synthesis 

of a β1-containing isoform of adenosine monophosphate-activated protein kinase. Silica gel chromatography, activated carbon 

scavenging, silica supported scavenging and radial flow scavenging were screened, optimized, and compared.  

 

The residual rhodium concentrations from the different techniques are summarized in Table 10 below with the quantity of 

material (solvent and sorbent) used and time needed to perform the experiments.  

 

Overall, it was found that a pre-treatment with SiliaCarb C-CA followed by a synergy of SiliaMetS Metal Scavengers in E-PAK 

provided the best scavenging yields. The concentration of residual rhodium went from 1,925 ppm to 23 ppm in these conditions. 

The yields could be further improved by increasing the contact time. Figure 2 shows the discoloration of the solution following 

the E-PAK treatments.  
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Table 10: Rhodium removal using different techniques

Rhodium removal using different techniques on crude product with 1,925 ppm initial rhodium impurity, 22°C 

Entry 
Loading 
(w/w %) 

Solvent Used 
(mL/g of crude) 

Experiment Time 
(h) 

Residual [Rh] 
(ppm) 

Silica gel chromatography (Bare silica F60 
superior grade, 40 - 63 µm, 60 Å) 

3,800 (SiliaFlash) 
420 (10 % to 30 % acetone 

in hexanes) 
0.75 365 

SiliaCarb C-CA (bulk) 100 (SiliaCarb) 100 (methanol) 4 81 

SiliaCarb C-CA + 
SiliaMetS Diamine (bulk) 

100 (SiliaCarb) 
100 (SiliaMetS) 

100 (methanol) 
210 (ethyl acetate) 

4 + 4 49 

SiliaCarb C-CA + 
SiliaMetS Imidazole (bulk) 

100 (SiliaCarb) 
100 (SiliaMetS) 

100 (methanol) 
210 (ethyl acetate) 

4 + 4 53 

SiliaCarb C-CA + 
SiliaMetS Triamine (bulk) 

100 (SiliaCarb) 
100 (SiliaMetS) 

100 (methanol) 
210 (ethyl acetate) 

4 + 4 51 

SiliaCarb C-CA + 
SiliaMetS Diamine/Imidazole (bulk) 

100 (SiliaCarb) 
200 (SiliaMetS) 

100 (methanol) 
210 (ethyl acetate) 

4 + 4 40 

SiliaCarb C-CA + 
SiliaMetS Triamine/Imidazole (bulk) 

100 (SiliaCarb) 
200 (SiliaMetS) 

100 (methanol) 
210 (ethyl acetate) 

4 + 4 40 

SiliaCarb C-CA E-PAK cartridge 125 (SiliaCarb) 90 (methanol) 4 44 

SiliaCarb C-CA E-PAK + 
SiliaMetS Diamine E-PAK + 
SiliaMetS Imidazole E-PAK 

125 (SiliaCarb) 
200 (SiliaMetS) 

90 (methanol) 
75 (ethyl acetate) 

4 + 4 23 

Figure 2: Pictures of solution before and after E-PAK treatment 

1 925 mg/kg of Rh 
Crude solution prior to any purification 

treatment 

39 mg/kg of Rh 
Solution after treatment through E-PAK with 

SiliaCarb C-CA 

23 mg/kg of Rh 
Solution after treatment through E-PAK with 

SiliaMetS Diamine and Imidazole in series 

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.  

To compare with traditional chromatography, the residual Rh concentration obtained was 365 ppm which is 16 times more than 

the E-PAK treatment with SiliaCarb C-CA, SiliaMetS Diamine and SiliaMetS Imidazole and 9 times more than the equivalent bulk 

treatment.   

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 330 mL of solvent: for the SiliaCarb pre-treatment (180 mL) and SiliaMetS scavenging 

(150 mL). This difference becomes noteworthy when scaling-up. The same could be said of the quantity of sorbent needed. 

Moreover, when scaling up, scavenging time is barely increased compared to the additional time needed when performing larger 

scale chromatography.   
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