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Supplementary information : synthesis and spectroscopic data of different C-functionalised macrocycles 

(1,4,7,10-Tetraazacyclododec-2-yl)-methanol
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	C9H22N4O
M = 202.30 g.mol-1


To a solution of triethylenetetraamine (10.00 g ; 68.4 mmol) in 300 mL of acetonitrile cooled to 4 °C was added dropwise a solution of butanedione (5.88 g ; 68.4 mmol) in 30 mL of acetonitrile. After completion of the reaction (4 h) the solution was heated at 60 °C ; potassium carbonate (47.33 g ; 324.3 mmol) and a solution of 2,3-dibromopropanol (15.04 g ; 68.4 mmol) in 30 mL of acetonitrile were added. After 48 h, the mixture was filtered over a pad of celite, the filtrate was evaporated and the residue was chromatographed over an alumina plug using dichloromethane/methanol (97 : 3) as eluent. The residual oil was dissolved in 700 mL of ethanol and 140 mL of 37 % HCl were added. The mixture was heated at 60 °C for 48 h. The precipitate formed was filtered off, washed with cold ethanol then diethylether, to yield the fully protonated macrocycle (m = 6.43 g, yield = 27 %).

1H NMR (500 MHz, D2O, 300 K) : 3.00-3.80 (m).

13C{1H} NMR (125 MHz, D2O, 300 K) : (CH2-() 42.1 ; 43.3 ; 43.9 ; 44.0 ; 44.5 ; 44.9 ; 46.9 ; (CH) 56.0 ; (CH2OH) 59.5. 

MALDI-TOF : m/z = 203. 4 [M+H].

(1,4,7,10-Tetraazacyclotridec-5-yl)-methanol
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	C10H24N4O
M = 216.32 g.mol-1


To a solution of N,N’-bis-(2-aminoethyl)propane-1,3-diamine (0.76 g ; 4.75 mmol) in 25 mL of acetonitrile cooled to 4 °C was added dropwise a solution of butanedione (0.46 g ; 4.75 mmol) in 5 mL of acetonitrile. After completion of the reaction (4 h) the solution was heated at 60 °C ; potassium carbonate (3.28 g ; 23.75 mmol) and a solution of 2,3-dibromopropanol (1.05 g ; 4.7 mmol) in 30 mL of acetonitrile were added. After 48 h, the mixture was filtered over a pad of celite, the filtrate was evaporated and the residue was chromatographed over an alumina plug using dichloromethane as eluent. The residual oil was dissolved in 50 mL of ethanol and 10 mL of 37 % HCl were added. The mixture was heated under reflux for 48 h. The precipitate formed was filtered off, washed with cold ethanol then diethylether, to yield the fully protonated macrocycle (m = 0.93 g, yield = 52 %).

1H NMR (500 MHz, D2O, 300 K) : 1.20-1.40 (m, 2H) ; 2.15-3.17 (m, 22H). 

13C{1H} NMR  (125 MHz, D2O, 300 K) : (CH2-() 29.0 ; (CH2-() 46.4 ; 47.9 ; 49.1 ; 49.3 ; 50.0 ; 50.1 ; 50.4 ; (CH) 58.5 ; (CH2OH) 63.4. 

MALDI-TOF : m/z = 217.3 [M+H].

5-Allyloxymethyl-1,4,7,10-tetraazacyclotridecane

	[image: image3.wmf]N

H

N

H

H

N

H

N

O


	C13H28N4O
M = 256.39 g.mol-1


This macrocycle has been prepared in 20 % yield following the same procedure as the one described for the synthesis of (1,4,7,10-tetraazacyclotridec-5-yl)-methanol, using ditosylated 3-allyloxypropane-1,2-diol as a biselectrophilic reagent.

1H NMR (500 MHz, CDCl3, 300 K) : 1.34 (m, 2H) ; 1.96 (s, 4H) ; 2.16 (m, 1H) ; 2.25-2.55 (m, 14H) ; 3.01 (m, 1H) ; 3.10 (m, 1H) ; 3.63 (m, 2H) ; 4.81 (dd, 1H, J = 1 Hz, 10.5 Hz) ; 4.91 (dd, 1H, J = 1.5 Hz, 15.5 Hz) ; 5.55 (m, 1H, J = 10.5 Hz, 15.5 Hz, 5.5 Hz). 

13C{1H} NMR (125 MHz, CDCl3, 300 K) : (CH2-() 29.1 ; (CH2-() 46.2 ; 47.8 ; 48.9 ; 49.2 ; 49.9 ; 49.8 ; 50.4 ; (CH-) 56.8 ; (CH2-O) 72.1 ; 72.4 (CH2=CH) 116.8 ; (CH2=CH) 134.8.

MALDI-TOF : m/z = 256.89 [M]. 

Elemental analysis for C13H28N4O, H2O : calculated  C 56.89 H 11.03 N 20.42 ; found  C 57.39  H 10.98  N 19.94.

5-Hex-5-enyl-1,4,7,10-tetraazacyclotridecane
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	C15H32N4

M = 268.44 g.mol-1


This macrocycle has been prepared in 20 % yield following the same procedure as the one described for the synthesis of (1,4,7,10-tetraazacyclotridec-5-yl)-methanol, using ditosylated oct-7-ene-1,2-diol as a biselectrophilic reagent.

13C{1H} NMR (125 MHz, CDCl3, 300 K) : (CH2-(, CH2(chain)) 25.7 ; 25.9 ; 29.2 ; 31.9 ; 34.0 ; (CH2-() 44.1 ; 46.6 ; 46.9 ; 47.4 ; 48.8 ; 49.0 ; 50.4 ; (CH-) 56.5 ; (CH2=CH) 115.1; (CH2=CH) 138.7. 

MALDI-TOF : m/z = 268.9 [M].
1,4,8,11-Tetraazacyclotetradecan-6-ol
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	C10H24N4O
M = 216.20 g.mol-1



This macrocycle has been prepared in 71 % yield following the same procedure as the one described for the synthesis of (1,4,7,10-tetraazacyclotridec-5-yl)-methanol, using 1,3-dibromopropan-2-ol as a biselectrophilic reagent.

1H NMR (200 MHz, D2O, 300 K) : 2.11 (m, 2H) ; 2.8-3.8 (m, 17H). 

13C{1H} NMR (50 MHz, D2O, 300 K) : (CH2-) 23.8 ; (CH2-) 43.8 ; 45.3 (x2) ; 46.1 (x2) ; 46.7 ; 50.3 ; (CH) 59.5 ; (CH2-) 61.7.

MALDI-TOF : m/z = 217.5 [M+H].

1H NMR (500 MHz, D2O/DCl, 300 K) : 1.63 (m, 2H) ; 2.58-2.72 (m, 16H) ; 3.82 (m, 1H). 

13C{1H} NMR  (125 MHz, D2O/DCl, 300 K) : (CH2-) 27.1 ; (CH2-) 46.9 ; 47.0 (x2) ; 52.7 ; (CH) 68.5.

1,4,8,11-Tetraazacyclotetradecan-6-carboxylic acid
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	C11H24N4O2

M = 244.19 g.mol-1


This macrocycle has been prepared in 87 % yield following the same procedure as the one described for the synthesis of (1,4,7,10-tetraazacyclotridec-5-yl)-methanol, using methyl 3-bromo-2(bromomethyl)propionate as a biselectrophilic reagent.
1H NMR (500 MHz, D2O, 300 K) : 1.55 (m, 2H) ; 2.64 (m, 1H) ; 2.70-3.00 (m, 16H). 

13C{1H} RMN (125 MHz, D2O, 300 K) : (CH2-) 22.3 ; (CH-38.6 (CH2-) 42.3 ; 42.7 ; 44.8 ; 46.9 ; (C=O) 175.7. 

Elemental analysis for C11H24N4O2, 3HCl, 3H2O : calculated  C 32.50  H 8.19  N 13.79 ; found C 32.66  H 8.03  N 13.81.

1,4,8,11-Tetraazacyclotetradecane-6-carboxylic acid methyl ester
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	C12H26N4O2

M = 258.21 g.mol-1



This macrocycle has been prepared in 72 % yield following the same procedure as the one described for the synthesis of 1,4,8,11-tetraazacyclotetradecan-6-carboxylic acid, except that the deprotection step is performed in methanol instead of ethanol.
1H NMR (500 MHz, D2O, 300 K) : 2.22 (m, 2H) ; 3.10-3.80 (m, 17H) ; 3.78 (s, 3H).

13C{1H} NMR (125 MHz, D2O, 300 K) : (CH2-) 29.2 ; (CH-. (CH2-) 45.1 (x2) ; 50.9 ; 51.3 ; (CH3-O) 52.2 ; (C=O) 174.8.

MALDI-TOF : m/z = 259.3 [M+H]. 

I.R. (KBr pellet) : ( C=O = 1735 cm-1.
















