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Experimental Details 

 
Material and Methods 
Unless otherwise stated, all reactions were carried out under an inert atmosphere of dry nitrogen using standard 

Schlenk line techniques.  Solvents were dried by heating to reflux over appropriate drying agents and freshly 

distilled prior to use.  Commercial reagents were used as supplied unless otherwise stated.  NMR spectra were 

recorded on a JEOL GX300 spectrometer, 1H NMR spectra were referenced to the protio residue in the solvent and 
31P NMR spectra to external 85% H3PO4 (aq) (� = 0).  Chemical shifts are given in parts per million (�) downfield 

from tetramethylsilane as internal standard and coupling constants are given in Hertz.  GC analysis was performed 

using a Hewlett-Packard HP6890 Series GC system with autosampler.  

 

General Procedure for Batch Reactions 

To a Schlenk flask was added the arylhalide substrate (0.5 mmol), benzylamine (0.5 ml), and palladium supported 

silica catalyst (100 mg); the flask was then placed under an atmosphere of carbon monoxide (filled and evacuated 

three times).  The reaction flask was placed into a preheated oil bath (75 oC) and stirred vigorously for 12 minutes.  

After this time the carbon monoxide atmosphere was removed, the supported catalyst was filtered off and rinsed 

with THF.  The mixture was evaporated in vacuo and a standard solution of diphenyl ether added prior to GC 

analysis.  

 

Synthesis of bis(diphenylphosphinomethyl)aminopropyltriethoxysilane (1a): 

To a solution of diphenyl-bis(hydroxymethyl)phosphonium chloride salt[1] (100 mg, 0.35 mmol) and triethylamine 

(0.35 mmol, 35 mg, 48 �l) in methanol (5 ml) was added aminopropyltriethoxysilane (0.175 mmol, 38 mg).  The 

mixture was brought to reflux for 1 hour, after which the methanol was removed in vacuo and diethyl ether added.  

The diethyl ether solution was then filtered under nitrogen and evaporated to yield a viscous colourless liquid (98 

mg, 90%).  1H NMR (270 MHz, CDCl3): � = 7.53-7.29 (m, 20 Har), 3.79 3J(1H,1H) = 8.1 Hz (q, 6 H, -OCH2), 3.65 
2J(31P,1H) = 2.7 Hz (d, 4 H, -CH2P), 2.88 3J(1H,1H) = 8.1 Hz (t, 2 H, -CH2), 1.56 (m, 2 H, -CH2), 1.22 3J(1H,1H) = 

8.1 Hz (t, 9 H, -CH3), 0.52 (m, 2 H, -CH2); 13C NMR (125 MHz, CDCl3): � = 138.4 1J(31P,13C) = 16.3 Hz (d, CPar), 

133.1 2J(31P,13C) = 18.8 Hz (d, CHar), 128.3 (s, CHar), 128.2  3J(31P,13C) = 3.8 Hz (d, CHar), 59.2 3J(31P,13C) = 8.8 

Hz (t, -CH2), 58.7 (m, -CH2P), 58.3 (s, -CH2O), 19.7 (s, -CH2), 18.3 (s, -CH3), 7.7 (s, -CH2); 31P-{1H} NMR (109 

MHz, CDCl3): � = - 27.9 (s). 
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(N.B. Alkoxide exchange in this reaction but not observed with the three ethoxy groups being retained despite the 

reaction being performed in methanol – presumably due to the lack of forcing conditions). 

 

Palladium dichloride bis(diphenylphosphinomethyl)aminopropyltriethoxysilane (1b): 

To a solution of bis(diphenylphosphinomethyl)aminopropyltriethoxysilane (1a) (100 mg, 0.16 mmol) in 

dichloromethane (5 ml) was added dropwise a solution of Pd(COD)Cl2 (46 mg, 0.16 mmol) in dichloromethane (5 

ml).  The mixture was allowed to stir at room temperature for 1 hour, after which time the solvent was removed in 

vacuo to yield a yellow solid. 1H NMR (270 MHz, CDCl3): � = 7.53-7.29 (m, 20 Har), 3.79 3J(1H,1H) = 8.1 Hz (q, 6 

H, -OCH2), 3.65 2J(31P,1H) = 2.7 Hz (d, 4 H, -CH2P), 2.88 3J(1H,1H) = 8.1 Hz (t, 2 H, -CH2), 1.56 (m, 2 H, -CH2), 

1.22 3J(1H,1H) = 8.1 Hz (t, 9 H, -CH3), 0.52 (m, 2 H, -CH2); 31P-{1H} NMR (109 MHz, CDCl3): � = 8.6 (s). 

 

Catalyst Immobilization Procedure: 

In a typical immobilization experiment, the palladium-phosphine alkoxysilane complex (1b) (1.0 mmol) in toluene 

(10 ml) was added to a slurry of predried silica (1 g) in toluene (30 ml).  The mixture was heated to 80 oC and 

mechanically stirred for 24 hours.  After this time, the immobilized silica was filtered off using a sintered glass frit 

and washed with toluene and THF.  The immobilized silica was dried in vacuo at room temperature for 24 hours. 

 
 
11CO Labeling Reaction 
11CO was produced using a 16 MeV cyclotron by the 14N(N2+1%O2)(p,alpha)11CO2 reaction followed by subsequent 

reduction to 11CO by passing through a quartz tube containing molybdenum mesh heated to 850 °C. Our set-up 

consisted of a stainless-steel loop packed with molecular sieves which was cooled to -192oC to trap the produced 
11CO.  This loop was connected via a three-way valve to a mixing tee that in turn was connected to the catalyst loop 

and a solvent inlet for flushing off the product.  In a typical reaction, reagents (1 M arylhalide solution in 

benzylamine, 50 µL) were preloaded into a section of tubing just preceding the catalyst loop.  The catalyst loop was 

then placed in an oil bath heated to 80 oC.  Once the 11CO trapping stage of the synthesis was complete, reaching a 

maximum radioactivity after ca. 8 min, the molecular sieve loop was raised out of the liquid nitrogen, warmed to 

ambient temperature which resulted in the release of the trapped 11CO.  The 11CO gas stream was pushed through 

the packed catalyst tube, under a flow of nitrogen, forcing the liquid reagents into the tube and initiating the 

reaction.  After a ca. 6 min continuous gas flow period, the catalyst loop was lifted out of the oil bath and solvent 

pumped through, for ca. 5 min, flushing the labeled amide into a sample vial.  The crude product was analyzed 

using analytical radio HPLC.  The end product was identified by co-injection with a non-radioactive reference.  

The radiochemical yield of the products are expressed as a percentage of the total radioactivity delivered to the 

microreactor system and based on the final radioactivity trapped in the reaction vial at the end of synthesis and 

corrected by its radiochemical purity.  

 
References 
 
[1] J. Fawcett, P. A. T. Hoye, R. D. W. Kemmitt, D. J. Law, D. R. Russell, J. Chem. Soc., Dalton Trans., 1993, 2563. 
 
 



 3 

 

 
 

 
Figure S1. Photograph of the micro-tube reactor with standard 1/16 PEEK fittings 

 
 
 
 
 
 
 

 
 

 
Figure S2. Schematic representation of the 11CO radiolabelling experimental set-up. 

 
 


