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Liquid crystalline macrocycles containing phenylpyrimidine units

B. Neumann, T. Hegmann, C. Wagner, P. R. Ashton, R. Wolf and C. Tschierske

1. Selected bond lengths and angles for compound C.

Table. Ranges of bond lengths [Å] and angles [°] for compound C.
	bond lengths [Å]
	bond angles [°]

	C-C
	1.334(6)-1.364(6)
	
	N-C-N
	128.3(5)

	C-N
	1.380(6)-1.511(6)
	
	N-C-O
	112.8(4)-118.9(5) 

	C-O
	1.360(6)-1.440(6)
	
	C-C-C
	113.8(4)-123.9(5)

	
	
	
	N-C-C
	124.1(5)-124.7(5)

	
	
	
	C-C-O
	115.9(4)-123.7(4)

	
	
	
	O-C-C
	107.3(4)-114.9(4)

	
	
	
	C-O-C
	112.3(3)-118.0(3)


2. Experimental procedures and analytical data 
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Scheme. Synthesis of the phenylpyrimidine paracyclophanes D, E, F and G with alkyl spacer units and notation of the intermediates; for the notation of the other compounds, see schemes 1-3 in the main text.
2.1 Williamson-type etherifications with K2CO3 as base

1,8-Bis[4-(5-benzyloxypyrimidine-2-yl)phenoxy]-3,6-dioxaoctane (2-Bn)
4-(5-Benzyloxypyrimidine-2-yl)phenol 1 (5.0 mmol, 1.39 g) and 1,8-bis(toluene-4-sulfonyloxy)-3,6-dioxaoctane (2.4 mmol, 1.1 g) were dissolved in dry CH3CN (40 mL), Bu4NI (30 mg) and K2CO3 (12.0 mmol, 1.6 g) were added and the mixture was refluxed with stirring until 1 is completely consumed (TLC, 2-12 h). After cooling to 25 °C the solvent was evaporated in vacuo and the residue is dissolved in CH2Cl2 (50 mL) and water (30 mL). The organic phase was separated, the aqueous layer washed twice with CH2Cl2 (50 mL). The combined organic solution was washed with 2M hydrochloric acid (20 mL), water (20 mL), aqueous NaHCO3 solution (20 mL), water (20 mL) and brine (20 mL) and was dried over Na2SO4. The solvent was removed in vacuo and the residue was purified by crystallisation from CH2Cl2/MeOH to yield 1.1 g (68 %) 2-Bn. Transition temperatures [°C]: K 168 (N 117) Iso; 1H-NMR (CDCl3, 200 MHz) (H 3.74 (s, 4H, H’), 3.86 (t, 3J 4.9 Hz, 4H, C-4’- OCH2-CH2), 4.16 (t, 3J 4.9 Hz, 4H, C-2-OCH2), 5.15 (s, 6H, C-5-OCH2), 6.96 (d, 3J 8.9 Hz, 4H, H3’,5’) 7.33-7.43 (m, 10H, HBz), 8.24 (d, 3J 8.9 Hz, 4H, H2’,6’), 8.45 (s, 4H H4,6).

1,11-Bis[4-(5-benzyloxypyrimidine-2-yl)phenoxy]-3,6,9-trioxaundecane (3-Bn)
Synthesised from 4-(5-benzyloxy)pyrimidine-2-yl)phenol 1 (5.0 mmol, 1.39 g), 1,11-bis(toluene-4-sulfonyloxy)-3,6,9-trioxaundecane (2.4 mmol, 1.21 g), K2CO3 (12.0 mmol, 1.6 g) in dry CH3CN (40 mL). Purified by crystallisation from EtOAc/petroleum ether to yield 1.4 g (82 %) 3-Bn. Transition temperatures [°C]: K 147 (N 91) Iso; 1H-NMR (CDCl3, 200 MHz) (H 3.68-3.76 (m, 8H, OCH2), 3.87 (t, 3J 4.9 Hz, 4H, OCH2CH2), 4.17 (t, 3J 4.9 Hz, 4H, OCH2), 5.15 (s, 6H, OCH2), 6.99 (d, 3J 9.0 Hz, 4H, H3’,5’) 7.38-7.45 (m, 10H, HBz), 8.27 (d, 3J 9.0 Hz, 4H, H2’,6’), 8.48 (s, 4H H4,6).

1,14-Bis[4-(5-benzyloxypyrimidine-2-yl)phenoxy]-3,6,9,12-tetraoxatetradecane (4-Bn)
Synthesised from 4-(5-benzyloxy)pyrimidine-2-yl)phenol 1 (5.0 mmol, 1.39 g), 1,14-bis(toluene-4-sulfonyloxy)-3,6,9,12-tetraoxatetradecane (2.4 mmol, 1.31 g) and K2CO3 (12.0 mmol, 1.6 g) in  dry CH3CN (40 mL). Purified by crystallisation from EtOAc/petroleum ether to yield 1.5 g (82 %) 4-Bn. Transition temperatures [°C]: K 112 (N 82) Iso; 1H-NMR (CDCl3, 200 MHz) (H 3.65 (s, covered, 4H, H’), 3.66-3.72 (m, 8H, OCH2), 3.84 (t, 3J 4.9 Hz, 4H, C-4’-OCH2-CH2), 4.16 (t, 3J 4.9 Hz, 4H, C-4’-OCH2), 5.15 (s, 4H, Ar-CH2), 6.96 (d, 3J 8.9 Hz, 4H, H3’,5’), 7.32 (m, 10H, HBz), 8.24 (d, 3J 8.9 Hz, 4H, H2’,6’), 8.45 (s, 4H, H4,6).

1,11-Bis[4-(5-benzyloxypyrimidine-2-yl)phenoxy]undecane (11-Bn)

Synthesised from 4-(5-benzyloxy)pyrimidine-2-yl)phenol 1 (3.0 mmol, 0.84 g), 1,11-dibromoundecane (1.5 mmol, 0.47 g) and K2CO3 (12.0 mmol, 1.6 g) in dry CH3CN (40 mL). Purified by crystallisation from EtOAc/petroleum ether (bp.: 80...110 °C) to yield 0.63 g (59 %) 11-Bn. Transition temperatures [°C]: K 147 (N 134) Iso; 1H-NMR (CDCl3, 200 MHz) (H 1.18-1.49 (m, 14H, CH2), 1.73 (t, 3J 6.5 Hz, 4H, C-4’-OCH2-CH2), 3.94 (t, 3J 6.5 Hz, 4H, C-4’-OCH2), 5.11 (s, 6H, ArCH2), 6.89 (d, 3J 8.9 Hz, 4H, H3’,5’), 7.03-7.37 (m, 10H, HBz), 8.19 (d, 3J 8.9 Hz, 4H, H2’,6’), 8.41 (s, 4H, H4,6).

2.2 Williamson-type etherifications with NaH as base

1,11-Bis[5-(4-benzyloxyphenyl)pyrimidine-2-yloxy]-3,6,9-trioxaundecane (7-Bn)

Dry DMF (10 mL) was added to NaH (4.2 mmol, 0.1 g, prepared under an Ar atmosphere from 60 % suspension in mineral oil by washing with dry hexane (4 x) and drying in vacuo, Caution!). The suspension was cooled to 0-5°C and tetraethylene glycol (2.0 mmol, 0.38 g), dissolved in dry DMF (5 mL) was added dropwise with stirring at this temperature. After the evolution of H2 has ceased the mixture was stirred for additional 2 h at this temperature, then 6 (4.0 mmol, 1.2 g) was added and the mixture was stirred for 12 h at 25 °C and for 4 h at 60°C. After cooling to 25°C, MeOH (1 mL) and water (1 mL) were added dropwise (Caution!). The solvent was removed in vacuo and the residue was dissolved in EtOAc (20 mL) and 5N hydrochloric acid (15 mL). The organic phase was separated, the aqueous layer washed twice with EtOAc (20 mL). The combined organic solution was washed with aqueous NaHCO3 solution (20 mL) and brine (20 mL) and dried over Na2SO4. The solvent was removed in vacuo and the residue was repeatedly extracted with hot MeOH and filtered. The MeOH was removed in vacuo and the residue purified by crystallisation from EtOAc/petroleum ether (bp.: 80...110 °C) to yield 0.85 g (60 %) 7-Bn. Transition temperatures [°C]: K 152 (SmA 91) Iso; 1H-NMR (CDCl3, 200 MHz) (H 3.64-3.74 (m, 8H, OCH2), 3.88 (t 3J 4.9 Hz, 4H, OCH2CH2), 4.55 (t 3J 4.9 Hz, 4H, OCH2), 5.09 (s, 6H, Ar-CH2), 7.05 (d, 3J 8.6 Hz, H3’,5’), 7.33-7.45 (m, 14H, HBz, H2’,6’), 8.63 (s, 4H, H4,6).

1,14-Bis[5-(4-benzyloxyphenyl)pyrimidine-2-yloxy]-3,6,9,12-tetraoxatetradecane (8-Bz)
Synthesised from 6 (3.0 mmol, 0.9 g), pentaethylene glycol (1.5 mmol, 0.36 g) and NaH (3.15 mmol, 0.076 g) in abs. DMF (30 mL). Purified by crystallisation from EtOAc/petroleum ether (bp.: 80...110 °C) to yield 0.61 g (54 %) 8-Bz. Transition temperatures [°C]: K 136 (SmA 78) Iso; 1H-NMR (CDCl3, 200 MHz) (H 3.63 (s, 4H, OCH2), 3.64-3.73 (m, 8H, OCH2), 3.88 (t, 3J 4.9 Hz, 4H, Ar-OCH2-CH2), 4.54 (t, 3J 4.9 Hz, 4H, Ar-O-CH2), 5.09 (s, 4H, ArCH2O), 7.05 (d, 3J 8.9 Hz, 4H, H3’,5’), 7.31-7.47 (m, 14H, HBz, H2’,6’), 8.62 (s, 4H, H4,6).

11-[5-(4‑Benzyloxyphenyl)pyrimidine-2-yloxy]-3,6,9-trioxaundecan-1-ol (9)

Synthesised from 6 (3.0 mmol, 0.9 g), tetraethylene glycol (30.0 mmol, 5.8 g) and NaH (3.1 mmol, 74 mg) in dry DMF (8 mL). Purified by column chromatography (CH2Cl2/EtOH = 10:0.5) to yield 1.1 g (81 %). Mp.: 63°C; 1H-NMR (CDCl3, 200 MHz) (H 3.57-3.75 (m, 12H, OCH2), 3.89 (t, 3J 4.8 Hz, 2H, OCH2CH2), 4.58 (t, 3J 4.8 Hz, 2H, OCH2), 5.01 (s, 2H, ArCH2O), 7.06 (d, 3J 8.8 Hz, 2H, H3’,5’), 7.31-7.45 (m, 7H, HBz, H2’,6’), 8.68 (s, 2H, H4,6).

2.3 Tosylation

5-(4‑Benzyloxyphenyl)-2-[11-(toluene-4-sulfonyloxy)-3,6,9-trioxaundecyloxy]​pyri​midine (10-Bn)

9 (1.1 mmol, 0.5 g) was dissolved in THF/20% NaOH 1/1:v/v (8 mL) and cooled to 0-5 °C. At this temperature toluene-4-sulfonyl chloride (1.2 mmol, 0.23 g), dissolved in THF (4 mL) was very slowly added within 2 h with vigorous stirring. After stirring for additional 2 h at this temperature, water (50 mL) was added. The mixture was washed with CH2Cl2 (3 x 25 mL), the combined organic solution was washed with water (20 mL) and brine (20 mL) and dried over Na2SO4. The solvent was removed in vacuo and the residue was purified by column chromatography (EtOAc) to yield 0.58 g (87 %) 10-Bn. Mp.: < 20 °C; 1H-NMR (CDCl3, 200 Hz) (H 2.41 (s, 3H, CH3), 3.56-3.60 (m, 4H, OCH2), 3.61-3.71 (m, 6H, OCH2), 3.87 (t, 3J 4.9 Hz, 2H, OCH2CH2), 4.12 (t, 3J 4.7 Hz, 2H, OCH2), 4.55 (t, 3J 4.9 Hz, 2H, OCH2), 5.10 (s, 2H, ArCH2O), 7.05 (d, 3J 8.8 Hz, 2H, H3’,5’), 7.29-7.44 (m, 9H, HBz, H3,5Ts, H2’,6’), 7.77 (d, 3J 8.4 Hz, 2H, H2,6Ts), 8.66 (s, 2H, H4,6).

2.4 Catalytic hydrogenations

1,8-Bis[4-(5-hydroxypyrimidine-2-yl)phenoxy]-3,6-dioxaoctane (2)
Synthesised by catalytic hydrogenation of 2-Bn (1.6 mmol, 1.1 g) with Pd/C (0.1 g) in THF/CH2Cl2/AcOH 17/2/1 (100 mL) at 25 °C under ambient pressure. Purified by crystallisation from EtOH/water to yield 0.74 g (94 %) 2. Mp.: 212 °C (dec.); 1H-NMR (DMSO-d6, 200 MHz) (H 3.62 (s, 4H, H’), 4.12 (t, 3J 4.5 Hz, 4H, C-4’-OCH2CH2), 4.12 (t, 3J 4.5 Hz, 4H, C-4’-OCH2), 7.99 (d, 3J 8.9 Hz, 4H, H3’,5’), 8.15 (d, 4H, H2’,6’), 8.37 (s, 4H, H4,6) 10.35 (s, br, 2H, C-5-OH).

1,11-Bis[4-(5-hydroxypyrimidine-2-yl)phenoxy]-3,6,9-trioxaundecane (3)

Synthesised by catalytic hydrogenation of 3-Bn (1.9 mmol, 1.3 g) at 25 °C with Pd/C (0.12 g) in THF/CH2Cl2/acetic acid 17/2/1 (100 mL) under ambient pressure. Purified by crystallisation from EtOH/water to yield 0.93 g (92 %) 3. Mp.: 168 °C; 1H-NMR (DMSO-d6, 500 MHz) (H 3.54-3.58 (m, 8H, OCH2), 3.90-3.60 (m, 8H, OCH2), 3.75 (t, 3J 4.6 Hz, 4H, OCH2CH2), 4.12 (t, 3J 4.6 Hz, 4H, OCH2), 6.98 (d, 3J 9.0 Hz, 4H, H3’,5’), 8.15 (d, 3J 9.0 Hz, 4H, H2’,6’), 8.36 (s, 4H, H4,6), 10.21 (s, br, 2H, OH).

1,14-Bis[4-(5-hydroxypyrimidine-2-yl)phenoxy]-3,6,9,12-tetraoxatetradecane (4)
Synthesised by catalytic hydrogenation of 4-Bn (1.6 mmol, 1.2 g) with Pd/C (0.12 g) in EtOAc (125 mL) at 70 °C, 3 atm hydrogen pressure. Purified by crystallisation from EtOAc/petroleum ether to yield 0.87 g (94 %) 4. Mp.: 152 °C; 1H-NMR (DMSO-d6, 500 MHz) (H 3.51 (s, 4H, H’), 3.52-3.54 (m, 4H, OCH2), 3.57-3.58 (m, 4H, OCH2), 3.74 (t, 3J 4.6 Hz, 4H, C-4’-OCH2-CH2), 4.12 (t, 3J 4.6 Hz, 4H, C-4’-OCH2), 6.99 (d, 3J 8.8 Hz, 4H, H3’,5’), 8.17 (d, 3J 8.8 Hz, 4H, H2’,6’), 8.36 (s, 4H, H4,6).

1,11-Bis[5-(4-hydroxyphenyl)pyrimidine-2-yloxy]-3,6,9-trioxaundecane (7)

Synthesised by catalytic hydrogenation of 7-Bn (1.1 mmol, 0.8 g) at 25 °C with Pd/C (0.08 g) in THF/CH2Cl2/acetic acid 20/2/0.1 (22.1 mL) under ambient pressure. Purified by crystallisation from EtOH/water and EtOAc/petroleum ether (bp.: 80...110 °C) to yield 0.48 g (82 %) 7. Mp.: 155 °C; 1H-NMR (DMSO-d6, 200 MHz) (H 3.54-3.55 (m, 8H, OCH2), 3.78 (t, 3J 4.9 Hz, 4H, OCH2CH2), 4.45 (t, 3J 4.9 Hz, 4H, OCH2), 6.86 (d, 3J 8.6 Hz, H3’,5’), 7.33-7.52 (m, H2’,6’), 8.79 (s, 4H, H4,6) 9.68 (s, br, 2H, OH).

1,14-Bis[5-(4-hydroxyphenyl)pyrimidine-2-yloxy]-3,6,9,12-tetraoxatetradecane (8)
Synthesised by catalytic hydrogenation of 8-Bn (0.66 mmol, 0.5 g) with Pd/C (0.05 g) in EtOAc (80 mL) at 70°C at 3 atm hydrogen pressure. Purified by crystallisation from EtOAc/petroleum ether (bp.: 80...110 °C) to yield 0.35 g (92 %). Mp.: 143°C; 1H-NMR (DMSO-d6, 400 MHz) (H 3.49 (s, 4H, H’), 3.51-3.53 (m, 4H, OCH2), 3.55-3.58 (m, 4H, OCH2), 3.75 (t, 3J 4.7 Hz, 4H, C-2-OCH2-CH2), 4.42 (t, 3J 4.7 Hz, 4H, C-2-OCH2), 6.85 (d, 3J 8.7 Hz, 4H, H3’,5’), 7.50 (d, 3J 8.7, 4H, H2’,6’), 8.79 (s, 4H, H4,6), 9.63 (s, 2H, OH).

4-{2-[11-(toluene-4-sulfonyloxy)-3,6,9-trioxaundecyloxy]pyrimidine-5-yl}phenol (10)
Synthesised by catalytic hydrogenation of 10-Bn (0.7 mmol, 0.44 g) with Pd/C (0.02 g) in EtOAc (40 mL) at 25 °C under ambient pressure to yield 0.36 g (96 %) 10, which was used without further purification for the next step. Mp.: < 20 °C; 1H-NMR (CDCl3, 200 MHz) (H 2.02 (s, 3H, CH3), 3.56-3.68 (m, 10H, OCH2), 3.87 (t, 3J 4.9, 2H, OCH2CH2), 4.14 (t, 3J 4.7 Hz, 2H, OCH2), 4.57 (t, 3J 4.9 Hz, 2H, OCH2), 6.94 (d, 3J 8.6 Hz, 2H, H3’,5’), 7.29-7.37 (m, 4H, H3,5Ts, H2’,6’), 7.77 (d, 3J 8.2 Hz, 2H, H2,6Ts), 8.65 (s, 2H, H4,6).

1,11-Bis[4-(5-hydroxypyrimidine-2-yl)phenoxy]undecane (11)
Synthesised by catalytic hydrogenation of 11-Bn (0.6 mmol, 0.4 g) with Pd/C (0.05 g) in EtOAc (120 mL) at 70 °C under 3 atm hydrogen pressure. Purified by crystallisation from petroleum ether (bp.: 80...110 °C) to yield 0.29 g (94 %) 11. Mp.: 155 °C; 1H-NMR (DMSO-d6, 200 MHz) (H 1.22-1.34 (m, 14H, CH2), 1.71 (t, 3J 6.4 Hz, 4H, C-4’-OCH2-CH2), 3.99 (t, 3J 6.4 Hz, 4H, C-4’-OCH2), 6.97 (d, 3J 8.9 Hz, 4H, H3’,5’), 8.16 (d, 3J 8.9 Hz, 4H, H2’,6’), 8.37 (s, 4H, H4,6).

2.5 Suzuki-coupling reaction

5-(4‑Benzyloxy​phenyl)-2-chloropyrimidine (6)
Under an Ar atmosphere 5-bromo-2-chloropyrimidine 5 (0.02 mol, 3.90 g) and 4-benzyloxybenzeneboronic acid (0.02 mol, 4.56 g) were dissolved in a mixture of benzene (40 mL) and EtOH (20 mL), and 2M aqueous Na2CO3 (30 mL) was added. Finally Pd(PPh3)4 (520 mg) was added and the mixture was stirred at 25°C for 18 h. The formed precipitate was sucked off, dissolved in CH2Cl2 (60 mL), washed with brine and dried over Na2SO4. The residue obtained after evaporation of the solvent was purified by crystallisation from acetone to yield 1.9 g (32 %). Mp.: 158°C; 1H-NMR (CDCl3, 200 MHz) (H 5.11 (s, 2H, Ar-CH2), 7.08 (d, 3J 8.8 Hz, 2H, H3’,5’), 7.31-7.41 (m, 5H, HBz), 7.46 (d, 3J 8.8 Hz, 2H, H2’,6’), 8.76 (s, 2H, H4,6).

2.6 Macrocyclisations

6,9,12,15,24,27,30,33-Octaoxa​-3,18,41,44-tetraazapenta​cyclo[32.2.2.22,5.216,19.220,23]-tetra​tetra​conta-1(36),2,4,16,18,20, 22,34,37,39,41,43-dodecaene (A1)
Synthesised according to the procedure given for the synthesis of A2 from 2 (0.20 mmol, 0.093 g), 1,8-bis(toluene-4-sulfonyloxy)-3,6-dioxaoctane (0.20 mmol, 0.092 g), K2CO3 (3 mmol, 0.414 g) and KOTs (3 mmol, 0.630 g) in dry DMF (100 mL). Purified by chromatography (Chromatotron, CH2Cl2/EtOH = 10:0.5...2) and repeated crystallisation from heptane and heptane/toluene to yield 43 mg (35 %) A1. Transition temperatures [°C]: K 178 (N 134) Iso; anal. for C32H36N4O8.0.5 H2O requires: C 62.63 H 6.08 N 9.13; found: C 62.62 H 6.12 N 8.74 %; 1H-NMR (CDCl3, 500 MHz) (H 3.71 (s, 4H, OCH2), 3.73 (s, 4H, OCH2), 3.80 (t, 3J 4.8 Hz, 4H, C-4’-OCH2-CH2), 3.85 (t, 3J 4.7 Hz, 4H, C-5-OCH2-CH2), 4.00 (t, 3J 4.8 Hz, 4H, C-4’-OCH2), 4.20 (t, 3J 4.7 Hz, 4H, C-5-OCH2), 6.79 (d, 3J 8.8 Hz, 4H, H3’,5’), 8.05 (d, 3J 8.8 Hz, 4H, H2’,6’), 8.37 (s, 4H, H4,6); 13C-NMR (100 MHz, CDCl3): (C 67.33, 68.80, 69.68, 69.85, 71.00, 71.11 (OCH2), 114.62 (C‑3’,5’), 129.08 (C-2’,6’), 130.23 (C-1’), 144.62 (C-4,6), 151.68 (C-2), 158.07 (C‑4’), 160.50 (C-5).

6,9,12,15,18,21,30,33,36,39,42,45-Dodecaoxa-3,24,53,56-tetraaza​pentacyclo-[44.2.2.22,5.222,25.226,29]hexapentaconta-1(48),2,4,22,24,26,28,46,49,51,53,55-dodecaene (A3)
Synthesised according to the procedure given for the synthesis of A2 from 3 (0.30 mmol, 0.173 g), 1,14-bis(toluene-4-sulfonyloxy)-3,6,9,12-tetraoxatetradecane (0.30 mmol, 0.164 g), K2CO3 (2 mmol, 0.276 g) and KOTs (2 mmol, 0.420 g) in dry DMF (110 mL). Purified by chromatography (Chromatotron, CH2Cl2/EtOH = 10:0.5...2) and repeated crystallisation from heptane to yield 42 mg (18 %) A3. Transition temperatures [°C]: K 125 (N 111) Iso; HRMS m/z: C40H52N4O12 requires 781.3659 [M+1]+ found 781.3647; 1H-NMR (CDCl3, 500 MHz) (H 3.64-3.73 (m, 28H, OCH2), 3.81 (t, 3J 4.7 Hz, 4H, C-4’-OCH2-CH2), 3.84 (t, 3J 4.6 Hz, 4H, C-5-OCH2-CH2), 4.07 (t, 3J 4.7 Hz, 4H, C-4’-OCH2), 4.17 (t, 3J 4.6 Hz, 4H, C-5-OCH2), 6.87 (d, 3J 8.8 Hz, 4H, H3’,5’), 8.17 (d, 3J 8.8 Hz, 4H, H2’,6’), 8.38 (s, 4H, H4,6); 13C-NMR (100 MHz, CDCl3): (C 67.46, 68.47, 69.53, 69.62, 70.68, 70.73, 70.92, 71.00 (OCH2), 114.55 (C-3’,5’), 129.16 (C-2’,6’), 130.07 (C-1’), 144.11 (C-4,6), 151.04 (C-2), 157.77 (C-4’), 160.54 (C-5); EIMS m/z (relative intensity, %): 780 [M]+ (100), 750 (9), 736 (20), 705 (6), 692 (11), 675 (7), 649 (9), 631 (12), 617 (15), 600 (16), 523 (11), 479 (13), 417 (18), 391 (21), 347 (20), 303 (21), 215 (53), 121 (40); ESI-MS m/z (relative intensity): 819 [M+K]+ (21), 803 [M+Na]+ (85), 781 [M+H]+ (100).

6,9,12,15,18,27,30,33,36-Nonaoxa-3,21,44,47-tetraazapentacyclo-[35.2.2.22,5.219,22.223,26]heptatetraconta-1(39),2,4,19,21,23,25,37,40,42,44,46-dodecaene (A4)
Synthesised according to the procedure given for the synthesis of A2 from 2 (0.30 mmol, 0.139 g), 1,11-bis(toluene-4-sulfonyloxy)-3,6,9-trioxaundecane (0.30 mmol, 0.151 g), K2CO3 (3 mmol, 0.414 g) and  KOTs (3 mmol, 0.630 g) in dry DMF (100 mL). Purified by chromatography (Chromatotron, CH2Cl2/EtOH = 10:0.5...2) and repeated crystallisation from heptane to yield 49 mg (25 %) A4. Transition temperatures [°C]: K 184 (N 139) Iso; HRMS m/z: C34H40N4O9 requires 649.2873 [M+1]+ found 649.2881; 1H-NMR (CDCl3, 500 MHz) (H 3.69-3.70 (m, 4H, OCH2), 3.71 (s, covered, 4H, OCH2), 3.72-3.75 (m, 4H, OCH2), 3.81 (t, 3J 4.8 Hz, 4H, C-4’-OCH2-CH2), 3.89 (t, 3J 4.7 Hz, 4H, C‑5-OCH2-CH2), 4.02 (t, 3J 4.8 Hz, 4H, C-4’-OCH2), 4.18 (t, 3J 4.7, 4H, C‑5‑OCH2), 6.80 (d, 3J 8.9 Hz, 4H, H3’,5’), 8.06 (d, 3J 8.9 Hz, 4H, H2’,6’), 8.36 (s, 4H, H4,6); 13C-NMR (100 MHz, CDCl3): (C 67.32, 68.48, 69.49, 69.83, 70.86, 70.97, 71.10 (OCH2), 114.60 (C-3’,5’), 129.07 (C-2’,6’), 130.18 (C-1’), 144.06 (C-4,6), 150.97 (C-2), 158.00 (C-4’), 160.45 (C-5); EIMS m/z (relative intensity, %): 648 [M]+ (100), 618 (7), 573 (11), 560 (15), 373 (7), 347 (8), 303 (7), 259 (11), 227 (8), 215 (28), 188 (18), 171 (15), 121 (16); ESI-MS m/z (relative intensity): 687 [M+K]+ (9), 671 [M+Na]+ (32), 649 [M+H]+ (100).

6,9,12,15,18,27,30,33,36-Nonaoxa-4,20,45,46-tetraaza​penta​cyclo[35.2.2.22,5.219,22.
223,26]heptatetraconta-1(39),2,4,19,21,23,25,37,40,42,44,46-dodecaene   (B1)

Synthesised according to the procedure given for the synthesis of A2 from 7 (0.30 mmol, 0.153 g, 1,8-bis(toluene-4-sulfonyloxy)-3,6-dioxaoctane (0.30 mmol, 0.137 g), K2CO3 (3 mmol, 0.414 g) and KOTos (3 mmol, 0.63 g) in 120 ml dry DMF. Purified by chromatography (Chromatotron, CH2Cl2/EtOH = 10:0.5...2) and repeated crystallisation from heptane and toluene/EtOH to yield 71 mg (37 %) B1. Transition temperatures [°C]: K 147 SmA 163 Iso; anal. for C34H40N4O9.H2O requires: C 62.09 H 6.28 N 8.52; found: C 61.76 H 6.14 N 8.39 %; 1H-NMR (CDCl3, 500 MHz) (H 3.66-3.68 (m, 4H, OCH2), 3.71-3.74 (m, 4H, OCH2), 3.74 (s, 4H, OCH2), 3.85 (t, 3J 4.8 Hz, 4H, C-4’-OCH2-CH2), 3.92 (t, 3J 4.8 Hz, 4H, C-2-OCH2-CH2), 4.06 (t, 3J 4.8 Hz, 4H, C-4’-OCH2), 4.50 (t, 3J 4.8 Hz, 4H, C-2-OCH2), 6.89 (d, 3J 8.6 Hz, 4H, H3’,5’), 7.19 (d, 3J 8.6 Hz, 4H, H2’,6’), 8.48 (s, 4H, H4,6); 13C-NMR (100 MHz, CDCl3): H 67.08, 67.73, 69.22, 69.68, 70.71, 70.93, 71.03 (OCH2), 115.67 (C-3’,5’), 126.97 (C-1’), 127.42 (C-2’,6’), 127.71 (C-5), 156.76 (C-4,6), 159.18 (C-4’), 164.34 (C-2); ESI-MS m/z (relative Intensity): 687 [M+K]+ (21), 671 [M+Na]+ (100), 649 [M+H]+ (97). 

6,9,12,15,18,21,30,33,36,39-Decaoxa-4,23,48,49-tetraaza​pentacyclo-[38.2.2.22,5.222,25.226,29]pentaconta-1(42),2,4,22,24,26,28,40,43,45,47,49-dodecaene (B3)
Synthesised according to the procedure given for the synthesis of A2 from 8 (0.20 mmol, 0.116 g), 1,8-bis(toluene-4-sulfonyloxy)-3,6-dioxaoctane (0.20 mmol, 0.092 g), K2CO3 (2 mmol, 0.276 g) and KOTs (2 mmol, 0.42 g) in dry DMF (120 mL). Purified by chromatography (Chromatotron, CH2Cl2/EtOH = 10:0.5...2) and repeated crystallisation from heptane to yield 32 mg (23 %) B3. Transition temperatures [°C]: K 118 SmA 134 Iso; anal. for C36H44N4O10.0.5 H2O requires: C 61.61 H 6.46 N 7.98; found: C 61.45 H 7.00 N 7.68 %; 1H-NMR (CDCl3, 500 MHz) (H 3.66 (s, 4H, OCH2), 3,67-3.69 (m, 4H, OCH2), 3.72-3.73 (m, 4H, OCH2), 3,73 (s, covered, 4H, OCH2), 3.85 (t, 3J 4.8 Hz, 4H, C-4’-OCH2-CH2), 3.91 (t, 3J 4.9 Hz, 4H, C-2-OCH2-CH2), 4.07 (t, 3J 4.8 Hz, 4H, C-4’-OCH2), 4.54 (t, 3J 4.9 Hz, 4H, C‑2‑OCH2), 6.90 (d, 3J 8.6 Hz, 4H, H3’,5’), 7.22 (d, 3J 8.6 Hz, 4H, H2’,6’), 8.52 (s, 4H, H4,6); 13C-NMR (100 MHz, CDCl3): (C 68.20, 68.79, 70.29, 70.75, 71.81, 71.87, 71.90, 72.08 (OCH2), 116.74 (C-3’,5’), 127.91(C-1’), 128.54 (C-2’,6’), 128.91 (C-5), 157.83 (C-4,6), 160.30 (C-4’), 165.19 (C-2). 

6,18,27,39-Tetraoxa-3,21,47,50-tetraaza​penta​cyclo[38.2.2.22,5.219,22.223,26]pentaconta-1(42),2,4,19,21,23,25,40,43,45,47,49-dodecaene (F)
Synthesised according to the procedure given for the synthesis of A2 from 11 (0.26 mmol, 0.130 g), 1,11-dibromoundecane (0.26 mmol, 0.082 g), K2CO3 (3 mmol, 0.414 g) and  KOTs (3 mmol, 0.63 g) in  dry DMF (150 mL). Purified by chromatography (Chromatotron, CH2Cl2/EtOH = 10:0...0.1) and repeated crystallisation from heptane to yield 18 mg (10 %) F. Transition temperatures [°C]: K 172 (N 171) Iso; 1H-NMR (CDCl3, 500 MHz) (H 1.29-1.32 (m, 20H, CH2), 1.42-1.44 (m, 8H, CH2), 1.73-1.79 (m, 8H, C-4’,OCH2CH2), 3.98 (t, 3J 6.3 Hz, 4H, OCH2), 4.05 (t, 3J 6.3 Hz, 4H, OCH2), 6.91 (d, 3J 8.9 Hz, 4H, H3’,5’), 8.23 (d, 3J 8.9 Hz, 4H, H2’,6’), 8.37 (s, 4H, H4,6); 13C-NMR (100 MHz, CDCl3): (C 25.26, 25.40, 28.35, 28.40, 28.52, 28.68, 28.70, 28.74 (CH2), 67.79 (OCH2), 68.72 (OCH2), 114.60 (C-3’,5’), 129.09 (C-2’,6’), 129.86 (C-1’), 144.01 (C-4,6), 151.13 (C-2), 157.66 (C-4’), 160.90 (C-5). 

6,9,12,15,18,27,39-Heptaoxa-4,20,48,49-tetraazapentacyclo[38.2.2.22,5.219,22.223,26]-penta​conta‑1(42),2,4,19,21,23,25,40,43,45,47,49‑dodecaene (G1)
Synthesised according to the procedure given for the synthesis of A2 from 7 (0.30 mmol, 0.153 g), 1,11-dibromoundecane (0.30 mmol, 0.093 g), K2CO3 (3 mmol, 0.414 g) and KOTs (3 mmol, 0.630 g) in dry DMF (110 mL). Purified by chromatography (Chromatotron, CH2Cl2/EtOH = 10:0.5...1.5) and repeated crystallisation from heptane to yield 73 mg (36 %) G1. Transition temperatures [°C]: K1 107 K2 128 SmA 203 Iso; anal. for C39H50N4O7.0.5 H2O requires: C 67.21 H 8.68; found: C 67.18 H 8.96 %; 1H-NMR (CDCl3, 500 MHz) (H 1.31-1.36 (m, 12H, CH2), 1.43-1.48 (m, 4H, CH2), 1.74-1.79 (m, 4H, CH2), 3.64-3.66 (m, 4H, OCH2), 3.87-3.70 (m, 4H, OCH2), 3.88 (t, 3J 5.0 Hz, 4H, C-2-OCH2-CH2), 3.96 (t, 3J 6.2 Hz, 4H, C-4’-OCH2), 4.51 (t, 3J 5.0 Hz, 4H, C-2-OCH2), 6.92 (d, 3J 8.7 Hz, 4H, H3’,5’), 7.32 (d, 3J 8.7 Hz, 4H, H2’,6’), 8.55 (s, 4H, H4,6); 13C-NMR (100 MHz, CDCl3): (C 25.30, 27.91, 28.15, 28.34 28.61 (CH2), 66.95, 67.93, 69.22, 70.80 (OCH2), 115.37 (C-3’,5’), 126.70 (C-1’), 127.62 (C2’,6’), 128.06 (C-5), 156.84 (C-4,6), 159.47 (C-4’), 164.32 (C-2).

6,9,12,15,18,21,30,39-Octaoxa-4,20,48,49-tetraazapentacyclo[38.2.2.22,5.222,25.226,29]-pentaconta‑1(42),2,4,22,24,26,40,42,43,45,47,49‑dodecaene (G2)
Synthesised according to the procedure given for the synthesis of A2 from 8 (0.3 mmol, 0.173 g), 1,8-dibromooctane (0.3 mmol, 0.081 g), K2CO3 (2 mmol, 0.276 g) and KOTs (2 mmol, 0.422 g) in dry DMF (120 mL). Purified by chromatography (Chromatotron, CH2Cl2/EtOH = 10:0.5...2) and repeated crystallisation from heptane to yield 78 mg (38 %) G2. Transition temperatures [°C]: K 115 SmA 164 Iso; anal. for C38H48N4O8.0.5 H2O requires: C 65.41 H 7.08 N 8.03; found C 65.35 H 7.41 N 7.37 %; 1H-NMR (CDCl3, 500 MHz) (H 1.38-1.40 (m, 4H, CH2), 1.46-1.50 (m, 4H, CH2), 1.74-1.80 (m, 4H, CH2), 3.68-3.74 (m, 12H, OCH2), 3.91 (t, 3J 5.0 Hz, 4H, C-2-OCH2-CH2), 3.97 (t, 3J 6.3 Hz, 4H, C-4’-OCH2), 4.53 (t, 3J 5.0 Hz, 4H, C-2-OCH2), 6.90 (d, 3J 8.7 Hz, 4H, H3’,5’), 7.29 (d, 3J 8.7 Hz, 4H, H2’,6’), 8.56 (s, 4H, H4,6); ESI-MS m/z (relative intensity): 727 [M+K]+ (28), 711 [M+Na]+ (81), 689 [M+H]+ (100), 645, 601.
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