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General experimental procedures, materials and Instrumentation  

All reactions were performed under anhydrous conditions and an atmosphere of nitrogen in 

flame-dried glassware unless otherwise stated. Yields refer to chromatographically and 

spectroscopically (1H-NMR) homogenous materials. 

Solvents and reagents: All solvents were purified and dried according to standard methods 

prior to use. All chemicals were handled in accordance with COSHH regulations. All 

reagents were used as commercially supplied. 

Flash chromatography (FC) was always performed on silica gel (Merck Kieselgel 60 F254 

320-400 mesh) according to the method of W. C. Still, unless otherwise stated. Thin Layer 

Chromatography (TLC) was performed on Merck aluminium-backed plated pre-coated with 

silica (0.2 mm, 60 F254) which were visualised either by quenching of ultraviolet fluorescence 

(ɚ = 254 and 366 nm) or by charring with 10% KMnO4 in 1M H2SO4. 
1H NMR spectra: These 

were recorded at 400 MHz on a Bruker AV-400 or on a Bruker AV-500 instrument. Chemical 

shifts (ŭH) are quoted in parts per million (ppm), referenced to the appropriate residual 

solvent peak. Coupling constants (J) are reported to the nearest 0.5 Hz. 13C NMR spectra: 

These were recorded at 100 MHz on a Bruker AV-400 or on a Bruker AV-500 instrument. 

Chemical shifts (ŭC) are quoted in ppm, referenced to the appropriate residual solvent peak. 

19F NMR: These were recorded at 400 MHz on Bruker DRX-400 instrument. Chemical shifts 

(ŭF) are quoted in ppm, referenced to fluorobenzene at -113.5 ppm. Mass spectra: Low 

resolution mass spectra (m/z) were recorded on either a VG platform II or VG AutoSpec 

spectrometers, with only molecular ions (M+, MH+, MNa+, MK+, MNH4
+) and major peaks 

being reported with intensities quoted as percentages of the base peak. Analytical reverse-

phase HPLC was carried out on a Beckmann Pump 127 instrument using a Phenomenex 

Gemini C18 column (150 mm x 4.6 mm) with a gradient of acetonitrile and water. Semi-
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preparative reverse-phase HPLC was carried out on a Beckmann Pump 127 instrument 

using a Phenomenex Luna C18 column (100 mm x 10 mm) with an isocratic method of 

ethanol and water. Laura 3 software was used for processing all HPLC chromatograms.  

Synthesis of cyclooct-1-yn-3-glycolic acid (9) 

 

8,8-Dibromobicyclo[5.0.1]octane (9)[1]  

Potassium tert-butoxide (10.8 g, 145.6 mmol) was stirred in pentane (20 mL) at room 

temperature for 15 minutes. Cycloheptene 8 (8.4 mL, 72.8 mmol) was added and the mixture 

was cooled to -10 °C. Bromoform (9.4 mL, 109.2 mmol) was added dropwise over ~20 mins 

and the mixture turned pale brown. The reaction was allowed to warm to room temperature 

once the addition was complete and was stirred over night, after which time H2O (100 mL) 

was added, and the mixture was acidified using HCl (2M). The product was extracted with 

pentane (2 x 100 mL) and the combined organic layers were washed with H2O (2 x 50 mL), 

dried over MgSO4 and concentrated in vacuo to give crude material as an orange oil. The 

crude material was purified by silica gel chromatography, eluting with 5 % EtOAc in 

petroleum ether, to yield pure product 9 (16.69 g, 58.7 mmol, 80 %) as a colourless oil. ŭH 

(400 MHz, CDCl3) 1.14-1.27 (m, 3H); 1.34-1.45 (m, 2H); 1.69-1.77 (m, 2H); 1.82-1.93 (m, 

3H); 2.25-2.31 (m, 2H) [lit., ŭH (400 MHz, CDCl3) 1.05-1.22 (m, 3H); 1.28-1.40 (m, 2H); 1.62-

1.72 (m, 2H); 1.76-1.92 (m, 3H); 2.25-2.28 (m, 2H)]. ŭC (100 MHz, CDCl3) 28.0; 28.9; 32.2; 

34.7; 40.7 [lit., ŭC (100 MHz, CDCl3) 27.9; 28.9; 32.2; 34.8; 40.7].  

 

 

 

Methyl 2-bromocyclooct-1-en-3-glycolate (10)[1]  

Silver perchlorate (667 mg, 3.2 mmol) was added portionwise to a stirred solution of 8,8-

dibromobicyclo[5.0.1]octane 9  (467 mg, 1.6 mmol) and methyl glycolate (1.09 mL, 14.4 

mmol) in anhydrous toluene (1 mL) under Nitrogen. The reaction vessel was protected from 

light by use of aluminium foil. The reaction mixture was stirred at room temperature for 1.5 

hours, after which time the silver salts were removed by filtration and the residue was 
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purified straight away by column chromatography on Alumina eluting with 5-10 % EtOAc/pet. 

ether to afford product 10 as a pale yellow oil (260 mg, 59 %). ŭH (400 MHz, CDCl3) 0.75-

0.93 (m, 1H); 1.27-1.89 (m, 7H); 2.13-2.30 (m, 2H); 3.75 (s, 3H); 3.95 (d, J = 16.5 Hz, 1H); 

4.10 (dd, J = 5.0, 10.0 Hz, 1H); 4.23 (d, J = 16.5 Hz, 1H); 6.35 (dd, J = 4.0-11.0, 5.0 Hz, 1H). 

[lit., (200 MHz, CDCl3) 0.7-0.9 (m, 1H); 1.2-1.9 (m, 7H); 2.24-2.35 (m, 2H); 3.72 (s, 3H); 3.94 

(d, J = 16.5 Hz, 1H); 4.10 (dd, J = 5.0-10.0 Hz, 1H); 4.23 (d, J = 16.5 Hz, 1H); 6.35 (dd, J = 

4.0-11, 5Hz, 1H). ŭC (100 MHz, CDCl3) 23.6; 27.0; 29.2; 30.3; 33.7; 51.8; 53.5; 60.6; 84.6; 

126.3; 135.9; 170.7. [lit., (50 MHz, CDCl3) 26.2; 28.0; 33.4; 36.5; 39.3; 51.8; 53.48; 65.4; 

84.8; 131.4; 133.0; 170.7]. 

 

Cyclooct-1-yn-3-glycolic acid (4)[1] 

To a solution of NaOMe in MeOH (0.5 M, 13 mL) and dry DMSO (0.65 mL) was added 

methyl 2-bromocyclooct-1-en-3-glycolate 10 (260 mg, 0.94 mmol) and the resultant mixture 

was stirred at room temperature for 12 hours. The solvent was evaporated in vacuo to yield 

an orange gel-like solid. CH2Cl2 (10 mL) was added and the mixture was acidified to pH ~ 2 

by cautious addition of HCl (2 M). The product was extracted with CH2Cl2 (3 x 15 mL), and 

the combined organic layers were washed with H2O (10 mL), dried over MgSO4 and 

concentrated in vacuo to obtain crude material as a yellow oil. The crude material was 

purified by silica gel column chromatography eluting first with 2 % MeOH/DCM, then with 5 

% MeOH/DCM, to obtain pure product 4 as a pale yellow solid after drying (110 mg, 65 %). 

ŭH (400 MHz, CDCl3) 1.3-2.3 (m, 10H); 4.32-4.45 (m, 1H); 4.45 (d, J = 17.0 Hz, 1H); 4.58 (d, 

J = 17.0 Hz, 1H); 8.12 (s, 1H). [lit., 1.3-2.3 (m, 10H); 4.45 (d, J = 17.0 Hz, 1H); 4.32-4.45 (m, 

1H); 4.58 (d, J = 17.0 Hz, 1H); 8.12 (s, 1H). ŭC (100 MHz, CDCl3) 20.5; 26.0; 29.3; 33.7; 

41.8; 65.5; 72.6; 91.2; 101.6; 173.5. [lit., (100 MHz, CDCl3) 20.3; 25.9; 29.3; 33.9; 41.8; 65.3; 

72.6; 90.7; 101.3; 174.1]. m/z (CI+) calcd. for 182.2 found: 182.2. 
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Synthesis of new compounds 

 

2-(Cyclooct-2-yn-1-yloxy)-N-(4-methoxybenzyl)acetamide (6)  

To a stirred solution of cyclooct-1-yn-3-glycolic acid 4 (12.5 mg, 0.07 mmol) in anhydrous 

DMF (1 mL) was added DIPEA (13.4 µL, 0.014 mmol) and HBTU (53 mg, 0.014 mmol). The 

resultant mixture was stirred at room temperature for 30 minutes, after which time 4-methoxy 

benzylamine (121.0 µL, 0.084 mmol) was added and the mixture was stirred at room 

temperature for 16 hours. TLC (1:1 EtOAC/pet. ether) indicated that the reaction had gone to 

completion. The reaction was stopped and the product was extracted with CH2Cl2 (2 x 10 

mL) and washed with brine (2 x 10 mL). The combined organic layers were dried over 

MgSO4 and the solvent was evaporated in vacuo to yield crude material as an orange oil. 

The crude material was purified by silica gel chromatography eluting with 50-70 % 

EtOAc/pet. ether to yield amide 6 as a colourless oil (15.7 mg, 74 %). ŭH (400 MHz, CDCl3) 

1.30-2.11 (m, 10H); 3.69 (s, 3H); 3.89 (d, J = 15.0 Hz, 1H); 4.03 (d, J = 15.0 Hz, 1H); 4.33-

4.43 (m, 3H); 6.84 (d, J = 8.5 Hz, 2H); 6.93 (bs, 1H); 7.20 (d, J = 8.5 Hz, 2H). ŭC (100 MHz, 

CDCl3) 23.5; 27.0; 29.2; 31.4; 33.7; 42.3; 55.3; 68.3; 114.0; 129.0; 130.2; 135.6. m/z (EI+) 

([M+ H]+) calcd. for 302.1756, found: 302.1760. 

 

Carbamate-2ô,3ô,2ò,3ò-tetramethoxy-7,8-didehydro-1,2:5,6-dibenzocyclocta-1,5,7-

triene-3-yl N-(2-Aminoethyl)maleimide (7)  

To a stirred solution of TMDIBO (5) (5 mg, 0.01 mmol) in DMF (1 mL) was added DIPEA (2.1 

µL, 0.01 mmol). The resultant mixture was stirred at room temperature for 15 minutes, after 

which time N-(2-aminoethyl)maleimide (5.1 mg, 0.02 mmol) was added and the mixture was 

stirred at room temperature for 16 hours. TLC (1:1 EtOAC/pet. ether) indicated that the 
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reaction had gone to completion. The reaction was stopped and the product was extracted 

with EtOAc (2 x 10 mL) and washed with H2O (2 x 10 mL). The combined organic layers 

were dried over MgSO4 and the solvent was evaporated in vacuo to yield crude material as a 

yellow oil. The product was purified by silica gel chromatography, eluting with 50-70% 

EtOAc/pet.ether to yield maleimide 7 as a yellow powder (5 mg, 99 %). ŭH (400 MHz, CDCl3) 

2.92 (s, 2H); 2.99 (s, 2H); 3.07-3.11 (m, 1H); 3.45-3.48 (m, 1H); 3.82-3.98 (m, 12H); 5.44 (m, 

1H); 6.83-6.85 (d, J = 6.0 Hz, 2H); 6.92-6.94 (d, J = 9.0 Hz, 2H); 7.03-7.06 (d, J = 12.0 Hz, 

2H). ŭC (100 MHz, CDCl3) 30.9; 31.5; 36.5; 40.3; 46.7; 56.1; 68.2; 108.2; 108.7; 109.1; 

112.5; 114.1; 115.6; 126.2; 128.8; 130.9; 134.2; 145.2; 147.8; 148.8; 150.2; 161.7; 162.4; 

207.0. m/z (EI+) ([(M-maleimide)+ H]+) calcd. for 341.1384, found: 341.1390.  

 

General method for the copper-free óclickô reaction with cyclooctynes 

2-fluoroethyl azide (0.02 mmol) was added to a stirred solution of cyclooctyne (0.005 mmol) 

in CDCl3 (0.6 mL). The resultant mixture was stirred at 55 °C for 2 h. When complete, the 

reaction was stopped and the solvent evaporated in vacuo. The crude material was re-

dissolved in CDCl3 and the 19F, 1H and 13C NMR were taken. These crude compounds, as 

mixtures of regioisomers, were used as references only. The ratio of regioisomers was 

determined using a combination of 18F HPLC traces and 19F NMR spectra. The 

characterisation of these compounds is listed below.  

 

 

4,4-Difluoro-1-(2-fluoroethyl)-4,5,6,7,8,9-hexahydro-1H-cycloocta[d][1,2,3]triazol-5-yl 4-

nitrophenyl carbonate (12) as a mixture of regioisomers in ratio 2:1 

ŭH (400 MHz, CDCl3) 1.18-1.37 (m, 1.5H); 1.73-1.86 (m, 1.5H); 2.30-2.39 (m, 6H); 2.43-2.47 

(m, 3H); 4.57 (dm, J = 22.5 Hz, 3H);  4.92 (dm, J = 26.0 Hz, 3H); 5.35-5.38 (m, 1.5H); 7.19 

(d, J = 8.0 Hz, 2H); 7.83 (d, J = 8.0 Hz, 2H). ŭc (100 MHz, CDCl3) 19.7; 24.1; 29.1; 29.7; 

32.6; 50.6 (d, J = 20.0 Hz); 80.4 (d, J = 176.0 Hz); 82.0; 85.1; 111.8; 112.4; 113.1; 113.7; 

115.6; 121.8; 126.0; 128.6. ŭF (400 MHz, CDCl3) -223.7 (2); -223.5 (1); -107.8; -107.5; -

104.9; -101.3; -100.5; -93.7. m/z (EI+) ([M+H]+) calcd. for 415.1224, found: 415.1220. 
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{[1-(2-Fluoroethyl)-4,5,6,7,8,9-hexahydro-1H-cycloocta[d][1,2,3]triazol-4-yl]oxy}acetic 

acid (13) as a mixture of regioisomers in ratio 2:1.  

ŭH (400 MHz, CDCl3) 1.25-2.46 (m, 15H); 3.30-3.40 (m, 4.5H); 4.26 (d, J = 27.0 Hz, 3H); 

4.56 (d, J = 47.0 Hz, 3H); 8.06 (s, 1H). ŭF (400 MHz, CDCl3) -224.5; -222.4. m/z (EI+) ([M+ 

H]+) calcd. for 272.1405, found: 272.1405.  

 

 

1-(2-fluoroethyl)-Carbonic acid-2ô,3ô,2ò,3ò-tetramethoxy-7,8-didehydro-1,2:5,6-

dibenzocyclocta-1,5,7-triene-[1,2,3]triazolyl 4-nitrophenyl ester (14) as a mixture of 

regioisomers in ratio 2:1 

ŭH (400 MHz, CDCl3) 2.89 (as, 1H); 2.96 (as, 1H); 3.10 (as, 0.5H); 3.21 (as, 0.5H); 3.70- 4.01 

(m, 18H); 4.53-4.79 (m, 6H); 5.34-5.72 (m, 1H); 6.57-6.63 (m, 1H); 6.68-6.72 (m, 1H); 6.81-

6.83 (m, 1H); 6.91 (d, J = 9.0 Hz, 2H); 6.99-7.01 (m, 1H); 7.07-7.10 (m, 1H); 8.07 (d, J = 9.0 

Hz, 1H); 8.14 (d, J = 9.0 Hz, 2H). ŭc (100 MHz, CDCl3) 41.0, 45.6, 50.8 (d, J = 24.0 Hz) 

55.86, 55.92, 56.03, 56.04, 81.9 (d, J = 171.0 Hz), 107.4; 107.2; 109.3; 111.7; 113.0; 113.7; 

114.7; 115.5; 115.7; 124.8; 125.9; 141.1; 142.5; 143.3; 146.5; 148.6; 149.7; 150.2; 150.7; 

152.8; 154.3. ŭF (400 MHz, CDCl3) -222.3; -222.4. m/z (EI+) ([M+ 2H]2+) calcd. for 298.0954 

found: 298.1001. 
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{[1-(2-Fluoroethyl)-4,5,6,7,8,9-hexahydro-1H-cycloocta[d][1,2,3]triazol-4-yl]oxy} N-(4-

methoxybenzyl)acetamide (15) as a mixture of regioisomers in ratio 2:1 

ŭH (400 MHz, CDCl3). 1.21-1.28 (m, 3H); 1.60-1.80 (m, 2H); 2.08 (s, 1H); 2.08-2.20 (m, 2H);  

6.83-6.85 (d, J = 9.0 Hz, 2H); 7.17-7.18 (d, J = 9.0 Hz, 2H). ŭc (100 MHz, CDCl3) 19.9; 23.0; 

23.7; 24.2; 27.0; 29.1; 30.4; 33.3; 38.7; 48.6; 49.3 (d, J = 25.0 Hz); 48.6; 54.3; 68.2; 81.6 (d, 

J = 168.0 Hz); 125.9; 228.8; 131.0; 132.5; 165.6; 167.8. ŭF (400 MHz, CDCl3) -222.5; -225.5. 

m/z (EI+) ([M+K]+) calcd. for 429.1699, found: 429.1701. 

 

 

 

1-(2-fluoroethyl)-Carbonic acid-2ô,3ô,2ò,3ò-tetramethoxy-7,8-didehydro-1,2:5,6-

dibenzocyclocta-1,5,7-triene-[1,2,3]triazolyl N-(2-aminoethyl)maleimide (16) as a mixture 

of regioisomers in ratio 7:1 

ŭH (400 MHz, CDCl3). 2.44 (s, 1H); 2.60 (s, 1H); 2.72 (s, 1H); 2.80 (s, 1H); 3.00 (s, 1H); 3.07 

(s, 1H); 4.16-4.23 (m, 12H); 4.25 (dm, J = 27.0 Hz, 2H); 4.56 (dm, J =  47.0 Hz, 2H); 5.28-

5.61 (m, 1H); 7.33 (s, 1H); 7.35 (s, 1H); 7.50-7.52 (m, 2H); 7.67-7.69 (m, 2H). ŭc (100 MHz, 

CDCl3) . 28.9; 29.7; 30.4; 36.5; 40.3; 46.1; 56.0; 67.1 (d, J = 26.5 Hz); 68.1, 80.6 (d, J = 

174.5 Hz); 107.8; 108.7; 109.5; 112.0; 113.7; 114.1; 115.5; 128.0; 128.8; 130.8; 132.5; 

145.1; 147.8; 148.5; 150.6; 151.1; 161.0; 162,6; 167.8. ŭF (400 MHz, CDCl3) -225.2. m/z 

(EI+) ([(M-maleimide)+H]+) calcd. for 430.1773, found: 430.1775.  
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2-Fluoroethyl azide synthesis 

 

 

 

2-Fluoroethyl tosylate (18) 

To a stirred solution of 2-fluoroethanol 17  (0.55 mL, 7.8 mmol) in CH2Cl2 (15 mL) was added 

tosylchloride (2.23 g, 11.7 mmol) and DIPEA (1.52 mL, 15.8 mmol) and the resultant mixture 

was stirred at room temperature under nitrogen for 16 hours. CH2Cl2 (30 mL) was added and 

was washed with H2O (2 x 10 mL). The solvent was evaporated in vacuo to yield crude 2-

fluoroethyl tosylate 18 (1.83 g), which was carried through to the next step without further 

purification.  

 

 

 

2-Fluoroethyl azide (1) 

To a stirred solution of 2-fluoroethyl tosylate 16 (200mg, 0.92 mmol) in DMF (5 mL) was 

added sodium azide (178.6 mg, 2.75 mmol) and the resultant mixture was stirred at room 

temperature under nitrogen for 48 hours. TLC (1:1 EtOAc/Hex) showed complete 

consumption of the starting material. The reaction mixture was then filtered to remove the 

white precipitate. The filtrate was used for the next step without work-up or purification. ŭF 

(400 MHz, CDCl3) -224.  

 

Radiosynthesis of [18F]2-fluoroethylazide ([18F]1) was carried out using the method 

described by Glaser et al.[2] The product was detected using analytical radio- HPLC. 
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Selected NMR spectra 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



11 
 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



12 
 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



13 
 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



14 
 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



15 
 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



16 
 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



17 
 

 

 

 

  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



18 
 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



19 
 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



20 
 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



21 
 

18F HPLC traces for radiolabelling study 

DIFO (3)  

 

 

 

 

 

 

Conditions: 40°C, H2O, 15 min  

 

Conditions: 40°C, H2O, 1h 

 

[18]F 1 

 [18]F 12 

[18]F 1 

 [18]F 12 
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Conditions: 90°C, H2O, 15 min 

 

Conditions: 40°C, MeCN, 15 min 

 

 

 

 

 

 

 

 

 

[18]F 1 

[18]F 12 

[18]F 1 

 [18]F 12 
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Conditions: 90°C MeCN, 15 min 

 

óColdô Reference Compound 
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