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Introduction

The QuadraPure™ and QuadraSil™ ranges of metal scavengers offer attractive solutions to
metal contamination problems associated with pharmaceutical and fine chemical processing. The
very low levels of extractable impurities make these products particularly suitable for GMP
compliant applications in both batch and continuous processing. Regulatory Support Files are
available for each of the macroporous QuadraPure™ products to support their use in GMP
applications.

Non GMP grades are also available for use in process applications where recovery of metal value
or bulk waste stream decontamination is the objective. For recovery of precious metal value from
QuadraPure™ resins and for a complete metal management solution Reaxa has partnered with
Umicore (www.umicore.com).

The QuadraPure™ products can be used as loose beads in a stirred reactor or in a loose packed
bed. Alternatively Reaxa also offers the macroporous QuadraPure™ range in pre-packed
cartridge format for R&D use through to pilot plant scale with production scale units under
development. The cartridges are compatible with existing equipment; R&D scale cartridge have
been developed for use with the Biotage SP4 chromatography platform, and larger cartridges, as
developed with Clear-Edge, fit into typical bag filter housings used in pilot and manufacturing
plants.

A QuadraPure™ resin metal selector guide is provided in the Appendix. Reaxa is continually
developing metal scavenging capabilities and in addition to the commercialised product ranges,
the Company can also provide experimental stage metal scavengers upon request.

Product Availability

R&D quantities of QuadraPure™ & QuadraSil™ ranges are available from
Sigma-Aldrich: www.sigmaaldrich.com. For bulk pricing, cartridge ordering and technical
assistance please contact Reaxa directly at info@reaxa.com
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QuadraPure™ Macroporous Range

QuadraPure™ cartridges are pre-packed with GMP grade resin from the macroporous range. The
physical features of these resins ensure a high performance level across a wide spectrum of
conditions:

Compatible with organic, aqueous, protic and aprotic media

Low swelling characteristics making the resins ideal for use in fixed bed applications
Temperature stability — up to 60 °C

pH stability — generally 2 — 14

Appearance:

Figure 1 Photograph of QuadraPure™ beads

The macroporous polystyrene QuadraPure™ range are highly robust, chemically resistant, free-
flowing, pale beige beads (450 — 600 microns diameter) (Figure 1). The narrow particle size
distribution makes these products highly suitable for use in loose and fixed bed, and also
cartridge formats.

The full QuadraPure™range is shown below. It is recommended that the QuadraPure™ resins
are screened in batch experiments to first identify the most effective product and thereafter select
the cartridge format. In general efficiency of metal scavenging in cartridge format is higher with
typically 10% or higher metal loading achieved versus batch use, and has the added advantages
of ease of use and automation.
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QuadraPure™ Macroporous Range

Product Structure Functional Group
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Metal-Contaminated Organic Solutions:

Batch Use

For metal contaminated organic solutions, in solvents such as DCM, DMF or THF, QuadraPure™
may be used directly. Typically, add 5g of resin per 100 ml of 1000 ppm metal-contaminated
solution and leave to gently agitate at room temperature for 16-24 hours. Metal removal can be
rapid and is frequently observed by a colour change in both the resin and the starting solution
within minutes from mixing (Fig. 2)*. The resin is removed by simple filtration.

Rh(OAc) »
in DMF

Figure 2 Vials showing the effect of adding QuadraPure™ to
solutions containing metal salts

Metal-Contaminated Aqueous Solutions:

For metal contaminated aqueous solutions typically use 5 g of resin per 100 ml of 1000 ppm
solution, however, in order to aid wetting of the resin pores, the addition of a small amount of a
water-miscible organic solvent (such as methanol, ethanol, acetone, etc) may be required. Gently
agitate at room temperature for 16-24 hours. Metal removal can often be more rapid than this and
is often observed by a colour change in both the resin and the starting solution containing the
metal contaminant*. The resin can be simply removed by filtration.

*The rate of metal scavenging can often be increased by the addition of more resin, raising the
temperature or increasing the agitation rate.
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QuadraPure™ Cartridge Protocol

Overview

Pre-packed QuadraPure™ cartridges are designed for use in Biotage SP systems (+ style
cartridges).

Cartridge Size Selection Guides

Apbrox metal Recommended

Cartridge size AP [ESE O I?(:)IOading of gy it

QuadraPure™ . (=5 column
cartridge

volumes/h)

12M 60 1 mmol 1 ml/min

25S 13 g 2 mmol 2 ml/min

40M 68 g 10 mmol 8 ml/min
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QuadraPure™ metal scavenger cartridges
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The size of cartridge required can be selected using the two tables above. Please note that the
recommended flow rates are given to maximise scavenged metal loading irrespective of concentration.
This maximum capacity is achieved at approximately 5 column volumes per hour (CV/h) and scales
linearly through the cartridge sizes. If a faster flow rate is required a larger cartridge should be employed.
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Running a Flow Scavenge Experiment

Instrument Set-up

1. For the column channel to be used for the run, the inlet and outlet connectors to the
compression module need to be swapped over so the flow is up the cartridge. See Figure
3.

2. Connect up the compression module with the cartridge required. Charge one solvent

reservoir with the solution to be scavenged and a second solvent reservoir with clean
solvent from the solution to be scavenged. Ensure the waste reservoir has sufficient

capacity.
3. Assign names for the two solvent inputs under the Solvents tab.
4. Ensure connections are secure.
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short tube to bottom of
compression module

long tube to top of
compression module

_

Figure 3

Create a Method

1. Select the Method tab and New method.

2. Under the Separation tab select the solvents (designating the clean solvent as the weak
solvent and the process solution as the strong solvent) and cartridge type and input the
flow rate according to Table 3.

3. Select the Gradient tab and programme 5 steps as follows (Figure 4):

1) 5 column volumes at 0%

2) 0 column volumes to 100%

3) 100% for the volume of process solution

4) 0 column volumes to 0%

5) 0% for chosen volume to wash column (2 CV or more)
also set initial waste to 5 column volumes.

4. Under the Collection tab select Collect All .

5. Select the Rack Allocation of choice.

6. Save method (Figure 5).

Running the Method

1. To start the method, press the play button.
2. Monitoring the progress of process material through the cartridge is possible with the UV
detector.
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Example Procedures

Typical Breakthrough Test Procedure — Palladium Ace  tate in THF (1000 ppm) through
QuadraPure™ TU, 25+S Cartridge

A solution of palladium(ll) acetate (2.11 g) was prepared in THF (1000 ml) at approximately 1000
ppm with respect to palladium. A 25+S flash cartridge filled with QuadraPure™ TU (13.0 g of
resin, 24 ml column volume) was fitted in a Biotage SP4 Flash Purification System, with the
palladium solution as the ‘strong solvent’ and THF as the ‘weak solvent'.

A gradient was programmed at a fixed flow rate of 2 ml/min, starting with an initial 5 column
volumes (120 ml) of THF to wet the resin, then 20 column volumes (480 ml) of palladium solution
and ending with another 2 column volumes (48 ml) of THF. The programme was set to collect all
fractions (51 ml each) with the UV detector collection wavelength set to 232 nm, and the monitor
wavelength at 320 nm.

The Biotage unit was first primed, bypassing the column, with a 50 ml portion of THF at a flow
rate of 20 ml/min to remove air from the lines. The program was then run giving a breakthrough
point at 12.5 column volumes (300 ml), depicted by a sharp increase in gradient on the UV trace,
and also visually by the appearance of yellow coloured fractions. The loading of the cartridge
equated to approximately 23 mg Pd/g of resin (0.22 mmol/g).

Break through curve of Pd(OAc), in THF (1000 ppm) through QuadraPure TU cartridge

Suzuki Reaction Palladium Removal with QuadraPure™ T U in 12+M Cartridge

X
S /@/B(OH)Z PA(OAC),, PPhs |
| _ + —_— N
N B e KoCOyg, IPAHH,0
reflux OMe

2-Bromopyridine (1.5 ml; 15.7 mmol), 4-methoxybenzene boronic acid (2.96 g; 19.5 mmol),
palladium(ll) acetate (180 mg; 5 mol%), triphenylphosphine (780 mg, 20 mol%), potassium
carbonate (13.0 g; 94 mmol), distilled water (15 ml) and isopropyl alcohol (150 ml) were added
successively to a 500 ml round bottom flask. The reaction mixture was heated under a nitrogen
atmosphere at reflux overnight. After this period GC-MS analysis indicated the reaction had gone
to full conversion.

The cooled reaction mixture was partitioned between dichloromethane (150 ml) and water (100
ml). The organic layer was washed with brine solution, dried over magnesium sulfate and then
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filtered through Celite. The resulting solution was diluted to 300 ml with dichloromethane and a
sample taken for ICP analysis (60 ppm wt/wt with respect to palladium).

Using a Biotage SP4 Flash Purification System, 100 ml of the crude solution was passed through
a 12+M cartridge of QuadraPure™ TU. A gradient was run consisting of initial waste of 4 column
volumes of dichloromethane (48 ml), with 25 column volumes for the reaction mixture (300 ml,
equating to the 100 ml portion of reaction mixture and additional 200 ml of dichloromethane) and
2 column volumes of dichloromethane (24 ml), at 1 ml/min. Product containing fractions (51 ml
each, identified by UV 232 and 254 nm — see Appendix) were pooled and concentrated to 100 ml
and a sample taken for ICP analysis (<1 ppm wt/wt with respect to palladium). Concentration in
vacuo gave the crude product (0.967 g, 4 ppm wt/wt with respect to palladium).

Another 100 ml portion of the crude solution was passed through a Biotage Flash AC 12+M
cartridge containing activated Nuchar carbon. A gradient was run consisting of initial waste of 4
column volumes of dichloromethane (48 ml), with 25 column volumes for the reaction mixture
(300 ml, equating to the 100 ml portion of reaction mixture and additional 200 ml of
dichloromethane) and 8.2 column volumes of dichloromethane (99 ml), at 15 ml/min. Product
containing fractions (51 ml each, identified by UV) were pooled and concentrated to 100 ml and a
sample taken for ICP analysis (26 ppm wt/wt with respect to palladium). Concentration in vacuo
gave the crude product (0.697 g).

The final 100 ml portion of the original reaction solution was filtered through a bed of silica gel (60
A), washed with dichloromethane (100 ml) and evaporated back down to 100 ml. A sample was
taken for ICP analysis (56 ppm wt/wt with respect to palladium). Concentration in vacuo gave the
crude product (0.948 g).

Rosemund von-Braun Reaction *!

Cartridge

- Copper removal with QuadraPure™ IDA in 40+M

Br CN
CuCN
EE—
pyridine
MW, 250 T

In a new dry Biotage 2-5 ml microwave reaction tube were put 1-bromonaphthalene (2.2 g; 1.48
ml; 10.6 mmol), dry copper(l) cyanide (1.05 g, 11.7 mmol) and pyridine (0.982 g; 1 ml; 10 mmol)
in the order stated. A small stirrer bar was added and the top sealed with a crimper.

The mixture was heated at 250 °C in a microwave reactor (Biotage Initiator 60) and GC-MS
analysis indicated complete conversion in 30 min. The reaction mixture was a dark brown paste,
which was slurried in dichloromethane (800 ml). The brown slurry was filtered through Celite. ICP
analysis of the filtrate showed a copper content of 345 ppm wt/wt.

Using a Biotage SP4 Flash Purification System, the crude solution was passed through a
QuadraPure™ IDA cartridge (40+M). A gradient was run of 4 column volumes of dichloromethane
(528 ml), with 7.6 column volumes for the reaction mixture (999 ml) followed by 2 column
volumes of dichloromethane (264 ml) at 8 ml/min. The colourless product containing fractions (51
ml each, identified by UV) were pooled and a sample was taken for ICP analysis, which gave a
result of less than 1 ppm of copper in the final solution.

! Newman, M. S. Org. Synth., 1941, 21, 89-91
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Sonogashira Reaction — multi-metal removal with Qu  adraPure™ TU in 25+S Cartridge

(0]
o}
Pd(PPhs),Cl, Me
Me Cul
NN, ———— “
Br Ph EtsN, THF A
RT Ph

Dichlorobis(triphenylphosphine)palladium(ll) (175 mg; 5 mol%), copper(l) iodide (95 mg; 10
mol%), triethylamine (726 mg; 1.0 ml; 7.2 mmol), 4-iodoacetophenone (1.23 g; 5.0 mmol) and
phenyl acetylene (0.82 ml; 7.5 mmol) were taken up in THF (100 ml) and stirred at room
temperature under a nitrogen atmosphere overnight. After 18 h GC-MS indicated complete
conversion. The reaction mixture was filtered through Celite, washing with THF (150 ml).

The filtrate was concentrated in vacuo to 100 ml and passed through a 25+S cartridge of
QuadraPure™ TU using a gradient of 4 column volumes of THF (96 ml), followed by 12.5 column
volumes for the reaction mixture and additional THF (300 ml) and finally 1 column volume of THF
(24 ml) at 2 ml/min. The product containing fractions (51 ml each, identified by UV 232 and 254
nm) were pooled and a sample taken for ICP analysis (<1 ppm wt/wt of palladium).

Michael Addition — Iron removal with QuadraPure™ AM  PA in 12+M Cartridge

9 o) o)

CO,Et
FeCl
+ A-I/Me 3 > Me
o RT, neat COEt

As per the literature procedure,” methylvinylketone (5.0 ml, 60.7 mmol) was added dropwise via
syringe pump over 30 min to a stirred flask containing ethyl 2-oxocyclohexane carboxylate (9.07
g, 53.3 mmol) and iron(lll) chloride (180 mg, 1.1 mmol, 2 mol%) immersed in a water bath acting
as a heat sink at room temperature and then stirred overnight. After 18 h GC-MS indicated
complete conversion. Volatiles were removed under reduced pressure (water aspirator) for 4 h
and the residual oil taken up in THF (100 ml) to give a yellow/brown solution. A sample was taken
for ICP analysis 61 ppm wt/wt Fe). A portion of the solution (60 ml) was passed through a 12+M
QuadraPure AMPA cartridge using a gradient of 5 column volumes (60 ml) of THF followed by 5
column volumes (60 ml) of the solution and 10 column volumes (120 ml) of fresh THF at 1 ml/min
(UV detection 254 and 220 nm). All product containing fractions (30 ml each, identified by UV 254
and 220 nm) were pooled and a sample taken for ICP (<0.2 ppm wt/wt Fe). The UV trace showed
near ideal square wave flow profile — see below.

The remaining 40 ml of the solution was washed through a pad of silica gel (60 A, 20 g) with
further THF (20 ml) and the filtrate concentrated back to 40 ml and a sample taken for ICP (23
ppm wt/wt Fe). In both cases quantitative recovery of product was achieved.

2 Christoffers, J. Org. Synth., 2002, 78, 249-251
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volume of product ‘slug’

-

UV trace of product flow from iron scavenge through QuadraPure™ AMPA cartridge

Wilkinson’s Catalyst Hydrogenation ® _ Rhodium with QuadraPure™ AMPA in 12+M
Cartridge

(0] (0]
Me RhCI(PPhg);  Me
_—
b, _Me Haz(latmos) s, _Me
] toluene (
RT Me

A solution of (R)-carvone (2.25 g, 15.0 mmol) and tris(triphenylphosphine) rhodium(l) chloride
(695 mg) in toluene (250 ml) was degassed and then stirred at room temperature under an
atmosphere of hydrogen gas (balloon). Progress was monitored by GC-MS will full conversion
achieved after 2 h. A sample was taken for ICP (309 ppm wt/wt Rh). The orange solution was
then passed through a 12+M QuadraPure AMPA cartridge using a gradient of 5 column volumes
(60 ml) of toluene followed by 300 ml of the mixture and toluene wash then 5 column volumes (60
ml) of fresh toluene at 1 ml/min (UV detection 254 and 220 nm gave no response). Product
containing fractions (51 ml each, identified by GC-MS) were pooled and concentrated to 250 ml
and a sample taken for ICP analysis (4 ppm wt/wt Rh). The product was recovered in quantitative
yield (2.28 g).

3 Ireland R. E.; Bey, P. Org. Synth., 1973, 53, 63-65
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Metal Recovery

For all scavenger resins the value of the metal scavenged may be recuperated by incineration of
the resin bound metal. Reaxa is pleased to offer through partnership with Umicore,
(www.umicore.com) complete metal management solutions.

Storage
The QuadraPure™ cartridges are air-stable and can be stored at room temperature.

Ordering/ Contact Information

For further information on cartridge availability and ordering please contact info@reaxa.com.

Alternatively, please contact Reaxa at

Reaxa Ltd
Hexagon Tower
Blackley
Manchester

M9 8ZS

UK

T: +44 (0)161 721 2202
F: +44 (0)161 721 2005
W: www.reaxa.com
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Please note that the following is a guide only and that the efficiency of a metal scavenger will depend upon a number of factors including the oxidation state of
the metal involved, pH and potential competing complexation by other ligands present and/ or the solvent. It is normally recommended that a range of
QuadraPure™ are assayed for each metal contamination problem.

etal Ag Al Au Cd Co Cu Fe Hg Ni(0) |[Ni(ll) Os Pb Pd(ll) P d(0) Pt Ru Rh Sn \% Zn

QP
LTU | I N | | N | AN | | | N | | I | I I | I N | | R | N |
(oA J[ - JL L - JL_JL__JL [ 1 | I | | I | I | | |
Lampa J[ - L [ - J[ - ][ J[ [ [ — 1 | I | | I | I | I | |
INIVoY.vA | N | | I | | N | A | | | | | I | | | I | I | | N | N |
(VTN | I | A | N | | N | N | | | | | I | | | I N | | | |
(=N | | I | I | | N | | | | | IL— 1L I | | I I | | R | O |
|
|
|
|
|

(Boz__ J[ — J[ — J[ — J[ - J_J[ — J[ - [ 1l | | I | | | I | | N | A |
(ebAa  J[ - JL - L - J[ - ] [ - J[ - [ — 1l | I | | I | | N | A |
(B2 J[ — J[ — J[ — J[ -] J[_J[ - [ — 1 | I | | I | | N | A |
(oer J[ L I JL ] JC I [ ]I | I LI | | I | | I
(ore  J[ - JL - JL - J[ - JL__J[ - J[ [ — 1l | IL— I I I | I | N | A |

Excellent Scavenging Ability (> 99% removal)
Significant Scavenging Ability
Not Tested /No Significant Scavenging Ability
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