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Run 
Alcohol 

equivalents 

Base 

Equivalents 

Temperature 

(° C) 

Time 

(h) 
Heating Yield (%) 

1 2 2 80 8 Conventional Not found 

2 2 2 80 48 Conventional Traces 

3 2 4 80 48 Conventional Traces 

4 2 2 80 4 Microwave Traces 

5 2 2 100 24 Microwave Traces 

6 2 4 80 24 Microwave 5 10 

7 2 4 100 24 Microwave 10-15 

8 4 4 100 24 Microwave 10-15 
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[57] Y. Wei, M. J. A. Hore, J. Appl. Phys. 2021, 129, 171101. 

 

 

 

 

 



 
 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

  

 

 

 



 
 

 

 

 

 

 

 



 
 

  

  

 

  

 

  

 

 

  

 



 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

  

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

4-((6-hydroxyhexyl)oxy)-3,5-dimethoxybenzaldehyde (27) 

 

In a 250 mL two-neck round bottom flask equipped with a stirring bar and a findenser was dissolved 

syringaldehyde (3.0 g, 16.8 mmol) in dry DMF (50 mL). Potassium carbonate (4.1 g, 30 mmol) was added 

and the suspension was stirred at 70 °C during 30 min. Then, 6-bromohexanol (2.5 mL, 18.6 mmol) was 

added in one portion and the reaction was maintained under stirring at 70 °C during two days. Water (100 

mL) was added to the reaction mixture and the aqueous phase was extracted with ethyl acetate (2 x 100 mL). 

The combined organic layers were washed with brine (50 mL), dried over sodium sulfate and the solvent 

was evaporated under reduced pressure. The product was purified by column chromatography (SiO2 (200 

27 (4.2 g, 90%) as a 

transparent and viscous liquid. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.7 Hz, 2H), 3.90 (s, 6H), 

3.64 (t, J = 6.6 Hz, 2H), 1.76 (q, J = 6.7 Hz, 2H), 1.62  1.55 (m, 2H), 1.53  1.46 (m, 3H), 1.44  1.34 (m, 

2H). 

13C NMR (CDCl3, 100 MHz, 25 °C) .8, 73.6, 63.0, 56.4, 32.8, 30.2, 

25.7, 25.6. 

ESI-MS: m/z calcd. for C15H22O5: 283.15 [M+H]+, found: 283.65 

4-((6-((tert-butyldimethylsilyl)oxy)hexyl)oxy)-3,5-dimethoxybenzaldehyde (28) 

 

In a 250 mL one-neck round bottom flask equipped with a stirring bar and a septum was dissolved 

compound 27 (4.2 g, 15 mmol) in dry dichloromethane (40 mL). Imidazole (1.3 g, 19.5 mmol) was added 

to the solution, and which was stirred at 4 °C under inert atmosphere. TBDMSCl (2.5 g, 16.6 mmol) was 

added in one portion, leading to the formation of a white precipitate and the reaction mixture was stirred at 

25 °C for four hours. Water (50 mL) was added to the mixture and the organic phases were extracted with 

dichloromethane (2 x 50 mL). The organic phase was dried over sodium sulfate and the solvent was 



 
 

evaporated under reduced pressure to yield compound 28 (1.3 g, 77%) as a liquid after purification by column 

chromatography (SiO2 (200 g), n-pentane | EtOAc 5% n-pentane |EtOAc 20%). 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.8 Hz, 2H), 3.90 (s, 6H), 

3.60 (t, J = 6.6 Hz, 2H), 1.79 -1.72 (m, 2H), 1.57  1.43 (m, 4H), 1.41  1.34 (m, 2H), 0.88 (s, 9H), 0.03 (s, 

6H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

26.1, 25.7, 25.7, 18.5, -5.1. 

ESI-MS: m/z calcd. for C21H36O5Si: 397.24 [M+H]+, found: 397.73 

(4-((6-((tert-butyldimethylsilyl)oxy)hexyl)oxy)-3,5-dimethoxyphenyl)methanol (29) 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a septum was dissolved 

aldehyde 28 (1.25 g, 3.15 mmol) in dry tetrahydrofuran (10 mL). Under vigorous stirring at 4 °C was added 

sodium borohydride (0.25 g, 6.6 mmol) and the suspension was stirred at room temperature during two 

hours. Water (20 mL) was added to the reaction mixture and the aqueous phase was extracted with 

dichloromethane (2 x 20 mL). The organic phase was dried over sodium sulfate and the solvent was 

evaporated under reduced pressure, to yield compound 29 (1.2 g, 96%) as a transparent liquid, which was 

pure enough to be used in the next step. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.8 Hz, 2H), 3.83 (s, 6H), 

3.60 (t, J = 6.6 Hz, 2H), 1.88 (bs, 1H), 1.78 1.71 (m, 2H), 1.57 1.42 (m, 4H), 1.39 1.34 (m, 2H), 0.88 (s, 

9H), 0.04 (s, 6H). 

13C NMR (CDCl3, 100 MHz, 25 °C)  26.0, 

25.7, 25.6, 18.4, -5.3. 

ESI-MS: m/z calcd. for C21H38O5Si: 382.25 [M-OH]+, found: 382.82 

 

 



 
 

tert-butyl((6-(4-(chloromethyl)-2,6-dimethoxyphenoxy)hexyl)oxy)dimethylsilane (30) 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a septum was dissolved alcohol 

29 (1.2 g, 3 mmol) and triethylamine (0.6 mL, 4.4 mmol) in dry dichloromethane (20 mL). Under stirring at 

4 °C was added mesyl chloride (0.28 mL, 3.6 mmol) in a dropwise manner for 10 minutes. The solution was 

allowed to reach room temperature under continuous stirring during 4 hours. Water (20 mL) was added to 

the reaction mixture at low temperature and the aqueous phase was extracted with dichloromethane (2 x 20 

mL). The combined organic phase was dried over sodium sulfate, the solvent was evaporated under reduced 

pressure and the reaction crude was purified by column chromatography (SiO2 (50 g), Cyclohexane: EtOAc 

10%), to afford compound 30 (0.8 g, 25%) as a transparent liquid. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.7 Hz, 2H), 3.85 (s, 6H), 

3.61 (t, J = 6.6 Hz, 2H), 1.76 (q, J = 6.7 Hz, 2H), 1.57  1.33 (m, 6H), 0.89 (s, 9H), 0.04 (s, 6H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

25.7, 25.6, 18.4, -5.3. 

HR-MS: m/z calcd. for C21H37ClO4Si: 439.2042 [M+Na]+, found: 439.2036 

((6-(4-(azidomethyl)-2,6-dimethoxyphenoxy)hexyl)oxy)(tert-butyl)dimethylsilane (31) 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a findenser was dissolved 

compound 30 (0.8 g, 1.92 mmol) in dry DMF (10 mL). Sodium azide (0.3 g, 4.8 mmol) was added and the 

suspension was stirred at 70 °C overnight. Water (30 mL) was added to the reaction mixture and the aqueous 

phase was extracted with dichloromethane (2 x 20 mL). The organic phase was dried over sodium sulfate 

and the solvent was evaporated under reduced pressure, to obtain compound 31 (0.65 g, 80%) as a transparent 

liquid after purification by column chromatography (SiO2 (20 g) Cyclohexane: EtOAc 20%). 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.7 Hz, 2H), 3.85 (s, 6H), 

3.61 (t, J = 6.6 Hz, 2H), 1.76 (q, J = 6.7 Hz, 2H), 1.57  1.33 (m, 6H), 0.89 (s, 9H), 0.04 (s, 6H). 



 
 

13C NMR (CDCl3, 100 MHz, 25 °C) .1, 53.5, 33.0, 30.9, 26.0, 

25.7, 25.6, 18.4, -5.3. 

HR-MS: m/z calcd. for C21H37N3O4Si: 446.2446 [M+Na]+, found: 446.2438 

Bis-O-protected [c2]daisy chain (32) 

 

In a microwave tube was dissolved azide derivative 31 (0.48 g, 1.15 mmol) and pseudo[c2]daisy chain 

rotaxane 9 (0.72 g, 0.5 mmol) in dry and degassed dichloromethane (5 mL). Tetrakis(acetonitrile)copper(I) 

hexafluorophosphate (0.38 g, 1.04 mmol) and 2,6-lutidine (0.07 mL, 0.6 mmol) were added and the reaction 

mixture was stirred for five minutes. Then, the reaction mixture was heated by microwave irradiation (40 

W) during three hours at 35 °C and finally, stirred with an aqueous EDTA solution (5 mL) adjusted to basic 

pH (~9). The aqueous phase was extracted with dichloromethane (2 x 10 mL), the combined organic layers 

were dried over sodium sulfate and the solvent was evaporated under reduced pressure. Further purification 

by column chromatography (SiO2 (40 g), CH2Cl2 2Cl2: MeOH 3%) yielded compound 

32 (0.73 g, 69%) as a white solid. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 9.5 Hz, 2H), 6.81  6.71 (m, 12H), 6.50 

(s, 2H), 6.51 (s, 4H), 5.41 (s, 4H), 4.50  4.25 (m, 10H), 4.21  3.67 (m, 60H), 3.60 (t, J = 6.6 Hz, 4H), 3.53 

 3.35 (m, 4H), 2.61 (t, J = 7.6 Hz, 4H), 1.74 (dt, J = 14.6, 6.9 Hz, 4H), 1.60  1.50 (m, 8H), 1.47  1.24 (m, 

20H), 0.89 (bs, 18H), 0.04 (s, 12H). 

13C NMR (CDCl3, 100 MHz, 25 °C) 5, 147.8, 147.1, 146.7, 146.1, 144.9, 138.5, 127.2, 125.0, 

122.1, 121.2, 120.1, 115.5, 111.6, 111.1, 106.7, 73.6, 72.1, 70.7, 70.4, 70.3, 67.0, 66.7, 63.3, 57.7, 56.3, 48.8, 

37.4, 30.1, 28.1, 26.1, 27.1, 26.9, 26.3, 26.2, 26.0, 23.8, 21.1, 14.3. 

ESI-MS: m/z calcd. for C108H170F12N8O24P2Si2: 1010.09 [M-2(PF6)-]2+, found: 1010.63 

 



 
 

Bis-O-protected methylated [c2]daisy chain (33) 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a septum was dissolved 

[c2]daisy chain rotaxane 32 (0.72 g, 0.31 mmol) in a mixture 10% CH3CN: CH3I 90% (10 mL). The mixture 

was stirred during four days at room temperature and then, solvents were evaporated. The resulting solid was 

washed with diethyl ether (5 mL) to give a yellow solid. The residue was dissolved in a biphasic mixture of 

10:1 dichloromethane: acetonitrile (10 mL) and a saturated aqueous NH4PF6 solution (10 mL). The resulting 

solution was stirred during two hours at room temperature. Then, the aqueous phase was extracted with 

dichloromethane (2 x 10 mL) and the organic layers were dried over sodium sulfate and concentrated under 

reduced pressure to give compound 33 (0.76 g, 96%) as a slightly yellow solid. 

1H NMR (CDCl3, 400 MHz, 25 °C)  6.60 (m, 18H), 5.52 (s, 4H), 4.50  4.30 (m, 

7H), 4.20  3.60 (m, 73H), 3.40 (bs, 4H), 2.68  2.64 (m, 4H), 1.75  1.65 (m, 9H) 1.52 (dt, J = 14.0, 6.7 Hz, 

5H), 1.47  1.25 (m, 18H), 0.88 (bs, 18H), 0.03 (s, 12H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

125.0, 122.6, 121.1, 120.9, 111.9, 111.7, 106.7, 73.5, 72.0, 70.7, 70.4, 70.3, 67.0, 66.7, 63.3, 57.7, 56.3, 48.8, 

37.4, 32.9, 30.1, 28.1, 26.1, 27.1, 26.9, 26.4, 26.3, 26.0, 23.6, 21.1, 14.4. 

MALDI-MS: m/z calcd. for C110H176F24N8O24P4Si2: 2484.125[M-PF6]+, found: 2484.534 

 

 

 

 

 



 
 

Bis-O-deprotected methylated [c2]daisy chain (34Ext) 

 

In a 50 mL one-neck round bottom flask equipped with a stirring bar and a septum was dissolved the 

[c2]daisy chain 33 (0.75g, 0.29 mmol) in THF (5 mL). Then, a 1 M HCl (2 mL) was added under vigorous 

stirring at 25 °C. After forty minutes, ethyl acetate (10 mL) was added to the reaction mixture and the 

obtained white precipitate was filtrated from the reaction mixture. The solid was washed with ethyl acetate 

and dried under vacuum to yield compound 25Ext (0.55, 80%) as a white solid. 

1H NMR (CD3CN, 500 MHz, 25 °C)  6.80 (m, 4H), 6.76  6.67 (m, 12H), 6.45 (d, 

J = 8.4 Hz, 2H), 5.57 (s, 4H), 4.54  4.45 (m, 4H), 4.30  4.25, 4.28 (t, J = 9.7 Hz, 2H), 4.20  4.00 (m, 24H), 

3.93 - 3.74 (m, 42 H), 3.70  3.60 (m, 6H), 3.50  3.40 (m, 8H), 2.63 (t, J = 7.8 Hz, 4H), 2.49 (bs, 2H), 1.73 

 1.63 (m, 9H), 1.60  1.30 (m, 23H). 

13C NMR (CD3CN, 125 MHz, 25 °C)

123.6, 121.6, 114.1, 113.0, 112.8, 112.7, 107.7, 73.8, 72.9, 71.4, 71.3, 71.2, 71.0, 68.5, 68.2, 68.0, 67.9, 62.5, 

58.0, 56.8, 52.8, 49.6, 38.3, 33.5, 30.8, 28.8, 27.3, 27.1, 26.9, 26.4, 26.3, 26.0, 23.6, 21.1, 14.4. 

HR-MS: m/z calcd. for C98H148F24N8O24P4: 1055.9957 [M-2PF6]2+, found: 1055.9965 

 

 

 

 

 



 
 

Bis-O-deprotected methylated [c2]daisy chain (34Ext) 

 

In a 10 mL one-neck round bottom flask equipped with a stirring bar was dissolved compound 34Ext (0.11 

g, 0.048 mmol) in a mixture of CH2Cl2 80%: CH3CN 20% (5 mL) and the organic phase was washed with 

a 1 M aqueous solution of sodium hydroxide (5 mL). The organic phase was dried over sodium sulfate and 

then evaporated to give compound 34Cont (0.092 g, 96%) as a white solid. 

1H NMR (CD3CN, 500 MHz, 25 °C  6.71 (m, 18H), 5.59 (s, 4H), 4.23  3.33 (m, 

92H), 2.65 (bs, 4H), 2.49 (dt, J = 14.3, 7.1 Hz, 2H), 1.65 (dt, J = 14.3, 6.6 Hz, 4H), 1.55  1.32 (m, 24H). 

13C NMR (CD3CN, 125 MHz, 25 °C) 147.1, 139.1, 128.5, 128.2, 122.3, 

121.7, 115.1, 112.8, 79.1, 73.8, 71.6, 71.4, 71.1, 70.7, 70.6, 70.4, 70.3, 70.1, 69.9, 69.8, 69.7, 69.5, 62.5, 

58.0, 56.8, 49.6, 33.5, 30.8, 26.4, 26.3, 26.0, 23.8, 23.7, 23.6. 

4-(2-bromoethoxy)-3,5-dimethoxybenzaldehyde (35) 

 

In a 100 mL two-neck round bottom flask equipped with a stirring bar and a findenser was dissolved 

syringaldehyde (1.2 g, 6.6 mmol) in dry N,N-dimethylformamide (40 mL). Then was added potassium 

carbonate (1.8 g, 13.1 mmol), 1,2-dibromoethane (2.5 mL, 29.62 mmol) and the mixture was stirred at 70 

°C during two days. Water (50 mL) was added to the reaction mixture and the aqueous layer was extracted 

with dichloromethane (2 x 40 mL). The organic phase was washed with brine (20 mL), dried over sodium 

sulfate and the solvent was evaporated under reduced pressure. The crude product was purified by column 

chromatography (SiO2 

35 (1.31 g, 69%) as a white solid. 



 
 

1H NMR (CDCl3, 400 MHz, 25 °C)  4.34 (m, 2H), 3.93 (s, 6H), 3.63 

 3.60 (m, 2H). 

13C NMR (CDCl3, 100 MHz, 25 °C)  

ESI-MS: m/z calcd. for C11H13BrO4: 289.01 [M+H]+, found: 289.23 

(4-(2-bromoethoxy)-3,5-dimethoxyphenyl)methanol (36) 

 

In a 100 mL two-neck round bottom flask equipped with a stirring bar and septa was dissolved aldehyde 

35 (4.4 g, 15.15 mmol) in dry tetrahydrofuran (100 mL). Under inert atmosphere and continuous stirring at 

4 °C was added sodium borohydride (1.3 g, 34.83 mmol) in portions. The suspension was stirred at 25 °C 

during two hours and then water (50 mL) was added to the reaction mixture. The aqueous phase was 

extracted with dichloromethane (2 x 100 mL) and the combined organic phase was dried over sodium sulfate 

and concentrated under reduced pressure to yield compound 36 (4.30 g, 96%) as a transparent liquid, which 

was pure enough to be used as such in the next step. 

1H NMR (CDCl3, 400 MHz, 25 °C)  4.21 (m, 2H), 3.84 (s, 6H), 3.60 

 3.56 (m, 2H), 1.98 (bs, 1H). 

13C NMR (CDCl3, 100 MHz, 25 °C)  

HR-MS: m/z calcd. for C11H15BrO4: 297.0309 [M+Li]+, found: 297.0312 

(4-(2-azidoethoxy)-3,5-dimethoxyphenyl)methanol (37) 

 

In a 250 mL two-neck round bottom flask equipped with a stirring bar and a findenser was added a 

solution of compound 36 (4.3 g, 14.77 mmol) in dry N,N-dimethylformamide (60 mL). Sodium azide (2.0 

g, 31 mmol) was added and the suspension was stirred at 70 °C during six hours. After cooling down to room 

temperature, water (40 mL) was added to the reaction mixture and the aqueous phase was extracted with 

dichloromethane (2 x 100 mL). The organic phase was dried over sodium sulfate and the solvent was 



 
 

evaporated under reduced pressure yielding compound 37 (3.0 g, 80%) pure enough as a transparent liquid, 

which was pure enough to be used as such in the next step. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 5.4 Hz, 2H), 4.14  4.11 (m, 2H), 3.87 

(s, 6H), 3.55  3.53 (m, 2H). 

13C NMR (CDCl3, 100 MHz, 25 °C)  

((4-(2-azidoethoxy)-3,5-dimethoxybenzyl)oxy)(tert-butyl)dimethylsilane (38) 

 

In a 250 mL two-neck round bottom flask equipped with a stirring bar was dissolved compound 37 (2.4 

g, 9.5 mmol) in dry dichloromethane (50 mL) followed by addition of imidazole (1.0 g, 14 mmol). The 

solution was cooled down to 4 °C under inert atmosphere and continuous stirring, and TBDMSCl (2.0 g, 13 

mmol) was added portionwise. A white precipitate was observed and the suspension was stirred at room 

temperature during four hours. Water (40 mL) was added to the reaction mixture and the aqueous phase was 

extracted with dichloromethane (2 x 100 mL). The organic phase was dried over sodium sulfate and the 

solvent was evaporated under reduced pressure, yielding compound 38 (2.42 g, 69%) as a transparent liquid 

after column chromatography (SiO2  

1H NMR (CDCl3, 400 MHz, 25 °C) 2 (s, 2H), 4.54 (d, J = 5.4 Hz, 2H), 4.14  4.11 (m, 2H), 3.89 

(s, 6H), 3.55  3.53 (m, 2H), 0.89 (s, 9H), 0.04 (s, 6H). 

13C NMR (CDCl3, 100 MHz, 25 °C) 2, 135.3, 104.0, 71.5, 67.8, 56.1, 51.5, 30.3, 18.3, -

5.10. 

HR-MS: m/z calcd. for C17H29N3O4Si: 375.2116 [M+Li]+, found: 374.2126 

 

 

 

 

 



 
 

Bis-O-protected [c2]daisy chain (39) 

 

In a microwave tube was dissolved azide 38 (0.54 g, 1.5 mmol) and pseudo[c2]daisy chain rotaxane 9 

(0.96 g, 0.69 mmol) in dry and degassed dichloromethane (20 mL). Tetrakis(acetonitrile)copper(I) 

hexafluorophosphate (0.53 g, 1.4 mmol) and 2,6-lutidine (0.12 mL, 0.96 mmol) were added to the reaction 

mixture and the solution was stirred for five minutes. The reaction mixture was heated using microwave 

irradiation (40 W) during three hours at 35 °C and finally, stirred with an aqueous EDTA solution (20 mL) 

adjusted to basic pH (~9). The aqueous phase was extracted with dichloromethane (2 x 20 mL), the organic 

phases were dried over sodium sulfate and the solvent evaporated under reduced pressure. Purification was 

carried out by column chromatography (SiO2 (80 g), CH2Cl2 2Cl2: MeOH 3%) leading to 

compound 39 (1.0 g, 69 %) as a white solid. 

1H NMR (CDCl3, 500 MHz, 25 °C) J = 9.9 Hz, 2H), 6.82  6.71 (m, 12H), 6.58 

 6.56 (m, 6H), 4.68  4.64 (m, 8H), 4.47  3.66 (m, 78H), 2.65 (t, J = 7.6 Hz, 4H), 1.68  1.62 (m, 8H), 1.39 

 1.30 (m, 8H), 0.95 (s, 18H), 0.11 (s, 12H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

123.1, 122.4, 121.3, 121.1, 113.3 112.6, 112.0, 111.8, 102.6, 72.5, 71.9, 71.5, 71.2, 71.0, 70.9, 70.9, 70.5, 

70.4, 67.7, 67.1, 67.0, 66.8, 64.9, 56.0, 53.6, 52.3, 50.6, 48.9, 29.4, 28.7, 26.7, 26.6, 26.0, 25.6, 18.5, 0.13, -

5.10. 

ESI-MS: m/z calcd. for C100H154F12N8O24P2Si2: 953.53 [M-2(PF6)-]2+, found: 953.91 

 

 

 

 



 
 

Bis-O-protected methylated [c2]daisy chain (40) 

 

In a 50 mL one-neck round bottom flask equipped with a stirring bar was dissolved [c2]daisy chain 

rotaxane 39 (0.96 g, 0.44 mmol) in a mixture CH3CN 10%: CH3I 90% (10 mL). The mixture was stirred for 

four days at 30 °C and then, solvents were evaporated. The resulting solid was washed with diethyl ether (5 

mL) to give a yellow solid. The residue was dissolved in a 10:1 mixture of CH2Cl2: CH3CN (10 mL) and a 

saturated aqueous NH4PF6 solution (10 mL). The resulting solution was stirred during one hour at room 

temperature. Then, the aqueous phase was extracted with CH2Cl2 (2 x 10 mL) and the organic layers were 

dried over sodium sulfate and concentrated under reduced pressure to give compound 40 (1.0 g, 96%) as a 

pale yellow solid. 

1H NMR (CDCl3, 500 MHz, 25 °C)  6.69 (m, 14H), 6.54 (s, 2H), 6.42 (d, J = 8.4 

Hz, 2H), 4.80  4.78 (m, 4H), 4.66 (s, 4H), 4.49  3.39 (m, 82H), 2.76 (t, J = 7.6 Hz, 4H), 1.76  1.67 (m, 

8H), 1.49  1.39 (m, 8H), 0.94 (s, 18H), 0.10 (s, 12H). 

13C NMR (CDCl3, 100 MHz, 25 °C)  134.0, 128.5, 

125.1, 121.2, 121.0, 113.5, 112.2 112.1, 111.9, 102.6, 72.2, 72.1, 70.9, 70.8, 70.7, 70.6, 70.5, 69.5, 67.3, 

67.2, 66.8, 64.9, 56.0, 54.2, 52.2, 48.9, 37.4, 28.3, 26.7, 26.3, 26.1, 23.0, 18.5, 0.14, -5.10. 

ESI-MS: m/z calcd. for C102H160F24N8O24P4Si2: 968.05 [M 2H (PF6)-]2+, found: 968.11 

 

 

 

 

 

 



 
 

Bis-O-deprotected methylated [c2]daisy chain (41Ext) 

 

In a 50 mL one-neck round bottom flask equipped with a stirring bar was dissolved [c2]daisy chain 

rotaxane 40 (1.73g, 0.69 mmol) in tetrahydrofuran (10 mL). Then a solution 1 M HCl (5.0 mL) was added 

under vigorous stirring at room temperature. After 40 minutes, ethyl acetate (10 mL) was added to the 

reaction mixture and the obtained white precipitate was filtrated from the reaction mixture. The solid was 

washed with ethyl acetate and dried under vacuum to yield compound 41Ext (1.42g, 90%) as a white solid. 

1H NMR (DMF-d7, 500 MHz, 25 °C)  6.79 (m, 14H), 6.75 (s, 4H), 6.71 (d, J = 8.4 

Hz, 2H), 5.06 (s, 4H), 4.63  3.76 (m, 76H), 3.64  3.54 (m, 10H), 3.01 (t, J = 7.8 Hz, 4H), 1.85  1.75 (m, 

8H), 1.51 (bs, 8H). 

13C NMR (DMF-d7, 100 MHz, 25 °C):  = 154.2, 149.3, 147.7, 147.5, 145.6, 141.1, 135.5, 130.4, 126.5, 

123.9, 122.0, 114.5, 113.7, 113.3, 104.6, 73.3, 72.0, 71.9, 71.8, 71.7, 71.6, 71.0, 69.0, 68.7, 68.6, 68.5, 68.4, 

64.7, 57.0, 55.3, 53.2, 49.9, 38.6, 29.5, 28.0, 27.6, 27.4, 26.6, 24.0. 

HR-MS m/z calcd. for C90H132F24N8O24P4: 2143.8275 [M (PF6)-]+, found: 2143.8307 

 

 

 

 

 



 
 

Bis-O-deprotected methylated [c2]daisy chain (41Cont) 

 

In a 50 mL one-neck round bottom flask equipped with a stirring bar was dissolved compound 41Ext (0.11 

g, 0.048 mmol) in a mixture CH2Cl2 80%:CH3CN 20% (5 mL) and washed with a 1 M aqueous solution of 

sodium hydroxide (5 mL). The organic phase was dried over sodium sulfate and the solvent evaporated 

under reduced pressure to give compound 41Cont (0.092 g, 96%) as a white solid. 

1H NMR (CD3CN, 500 MHz, 25 °C)  6.69 (m, 18H), 5.59 (s, 2H), 4.60 3.00 (m, 76H), 2.65 

(bs, 2H), 2.49 (dt, J = 14.3, 7.1 Hz, 2H), 1.75  1.05 (m, 32H). 

13C NMR (DMF-d7, 100 MHz, 25 °C):  = 154.9, 149.7, 148.7, 148.5, 147.2, 140.3, 139.1, 130.4, 128.5, 

128.2, 122.3, 121.7, 115.1, 112.8, 79.1, 73.8, 71.6, 71.4, 71.1, 70.7, 70.3, 70.1, 69.8, 69.6, 62.5, 58.0, 56.8, 

49.6, 33.5, 30.8, 26.4, 26.3, 23.7. 

ESI-MS m/z calcd. for C90H130F12N8O24P2: 853.46[M 2(PF6)-]2+, found: 853.32 

 

 

 

 

 

 

 

 

 



 
 

Methyl 4-((6-bromohexyl)oxy)-3,5-di-tert-butylbenzoate (67) 

 

In a 500 mL two-neck round-bottom flask equipped with a stirring bar and a findenser was prepared a 

solution of methyl 3,5-di-tert-butyl-4-hydroxybenzoate (10 g, 38.0 mmol) in methyl ethyl ketone (180 mL) 

(previously dried with potassium carbonate). Then, potassium carbonate (15 g, 113 mmol) was added and 

the mixture was heated at 80 °C during 30 minutes. Subsequently, 1,6-dibromohexane (22 mL, 143 mmol) 

was added and the suspension was continuously stirred at 80 °C for four days. After that, water (200 mL) 

was added to the reaction mixture and the aqueous phase was extracted with ethyl acetate (2 x 200 mL). The 

organic phase was dried over sodium sulfate, the solvent was evaporated under reduced pressure and the 

crude was purified by column chromatography (SiO2 (500 g), n- n-pentane |EtOAc 1%) to yield 

compound 67 (9.6 g, 59%) as a pale yellow liquid. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.8 Hz, 2H), 3.42 (t, J = 6.8 

Hz, 2H), 1.90 (p, J = 6.9 Hz, 4H), 1.55  1.43 (m, 22H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

29.5, 25.9. 

ESI-MS: m/z calcd. for C22H35BrO3: 427.18 [M+H]+, found: 427.45 

Methyl 4-((6-azidohexyl)oxy)-3,5-di-tert-butylbenzoate (68) 

 

In a 250 mL one-neck round-bottom flask equipped with a stirring bar and a findenser was prepared a 

solution of compound 67 (9.6 g, 22 mmol) in dry N,N-dimethylformamide (100 mL). Then, sodium azide  

(3.0 g, 45 mmol) was added and the suspension was stirred at 80 °C during six hours. After that, water (150 

mL) was added to the reaction mixture and the aqueous phase was extracted with diethyl ether (2 x 100 mL). 

The organic phase was washed with water (2 x 100 mL), dried over sodium sulfate and the solvent was 



 
 

evaporated under reduced pressure to yield compound 68 (7.0 g, 80%) as a transparent liquid, which was 

pure enough to be used as such in the next step. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.8 Hz, 2H), 3.28 (t, J = 6.9 

Hz, 2H), 1.90 (p, J = 7.5 Hz, 2H), 1.63 (q, J = 8.6, 7.8 Hz, 2H), 1.43 (m, 22H). 

13C NMR (CDCl3, 100 MHz, 25 °C) 5, 

26.5, 25.5. 

ESI-MS: m/z calcd. for C22H35N3O3: 358.25 [M-CH3O]+, found: 358.45 

4-((6-azidohexyl)oxy)-3,5-di-tert-butylbenzoic acid (69) 

 

In a 250 mL one-neck round bottom flask equipped with a stirring bar and a findenser was prepared a 

solution of ester 68 (7.0 g, 18 mmol) in a mixture of tetrahydrofuran (45 mL), methanol (15 mL) and water  

(5 mL). Then sodium hydroxide (3.6 g, 90 mmol) was added, and the reaction mixture was stirred at 65 °C 

for four hours. After that, the reaction was cooled down to room temperature and a 1 M HCl solution (50 

mL) was added and the aqueous phase was extracted with dichloromethane (2 x 100 mL) The organic phase 

was dried over sodium sulfate and the solvent was evaporated under reduced pressure to give compound 69 

(6.0 g, 90%) as transparent liquid that turns into a solid. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 7.5 Hz, 2H), 3.29 (t, J = 7.0 Hz, 2H), 1.91 

(p, J = 7.4 Hz, 2H), 1.68  1.62 (m, 2H), 1.49  1.40 (m, 22H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

26.9, 25.5. 

ESI-MS: m/z calcd. for C21H33N3O3: 375.25 [M]+, found: 375.31 

 

 



 
 

tert-Butyl (2-(4-((6-azidohexyl)oxy)-3,5-di-tert-butylbenzamido)ethyl)carbamate (70) 

 

In a 250 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of 

carboxylic acid derivative 69 (6.0 g, 16 mmol) in dry dichloromethane (100 mL). Then N-

hydroxybenzotriazole (4.5 g, 33.5 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI) (9.0 g, 

48 mmol) and N-Boc-ethylenediamine (4.5 mL, 28 mmol) were added. The reaction was stirred at room 

temperature for 18 hours, and then, water (100 mL) was added. The aqueous phase was extracted with 

dichloromethane (2 x 100 mL) and the organic phase was dried over sodium sulfate, the solvent was 

evaporated under reduced pressure. The reaction crude was purified by column chromatography (SiO2 (200 

70 (5.95 g, 72%) as a pale yellow solid. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 7.5 Hz, 2H), 

3.54 (q, J = 5.1 Hz, 2H), 3.37 (q, J = 5.5 Hz, 2H), 3.27 (t, J = 6.9 Hz, 2H), 1.87 (p, J = 7.5 Hz, 2H), 1.63 (p, 

J = 6.9 Hz, 2H), 1.42 (bs, 22H), 1.40 (s, 9H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

40.5, 36.0, 32.0, 29.5, 28.9, 28.5, 26.9, 25.5. 

HR-MS: m/z calcd. for C28H48N5O4: 518.3701 [M+H]+, found: 518.3697 

11-bromoundec-1-yne (71a) 

 

In a 250 mL two-neck round bottom flask equipped with a stirring bar and a findenser was prepared a 

solution of undec-10-yn-1-ol (5.0 g, 16 mmol) and carbon tetrabromide (12 g, 37 mmol) in dry 

dichloromethane (100 mL) at 4 °C. Then, triphenylphosphine (TPP) (10 g, 38 mmol) was added portionwise 

to the reaction mixture, allowing it to reach 25 °C. Once the addition of TPP finished, the solution was stirred 

during two hours at 45 °C under argon atmosphere. After that, the dichloromethane was evaporated under 

vacuum to half of its volume and the reaction mixture was cooled down using a water: ice bath followed by 

addition of diethyl ether (150 mL). A white precipitate was obtained as side product, which was filtered and 

washed twice with n-pentane. The filtrate was evaporated under reduced pressure and the crude residue 



 
 

purified by column chromatography (SiO2 (150 g), n- n-pentane |DCM 1%) to yield compound 

71a (5.0 g, 73%) as a transparent liquid. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.9 Hz, 2H), 2.17 (td, J = 7.1, 2.7 Hz, 2H), 1.93 (t, J = 

2.7 Hz, 1H), 1.89  1.80 (m, 2H), 1.51 (dt, J = 14.5, 6.7 Hz, 2H), 1.40 (tt, J = 12.6, 7.3 Hz, 4H), 1.30 (bs, 

6H). 

13C NMR (CDCl3, 100 MHz, 25 °C)  

6-bromohex-1-yne (71b)

 

In a 250 mL two-neck round bottom flask equipped with a stirring bar and a findenser was prepared a 

solution of hex-5-yn-1-ol (4.0 g, 40 mmol) and carbon tetrabromide (17 g, 53 mmol) in dry dichloromethane 

(100 mL) at 4 °C. Then, triphenylphosphine (14 g, 53 mmol) was added portionwise to the reaction mixture, 

allowing to reach 25 °C. Once the addition of TPP finished, the solution was stirred during two hours at 40 

°C under argon atmosphere. After that, the solvent was evaporated under vacuum to half of its volume and 

the reaction mixture was cooled down using a water: ice bath followed by addition of diethyl ether (150 mL). 

A white precipitate was obtained as side product, which was filtered and washed twice with n-pentane. The 

filtrate was evaporated and the crude residue purified by column chromatography (SiO2 (120 g), n-pentane) 

to yield compound 71b (4.0 g, 60%) as a transparent liquid. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.9 Hz, 2H), 2.22 (td, J = 7.1, 2.7 Hz, 2H), 1.91 (t, J = 

2.7 Hz, 1H), 1.51 - 1.40 (m, 4H). 

13C NMR (CDCl3, 100 MHz, 25 °C)  

Compound 72a 

 

In a 500 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of azide 

70 (9.0 g, 17 mmol) and haloalkyne 71a (5.0 g, 22 mmol) in dry dichloromethane (200 mL). Copper bromide 



 
 

(CuBr) (2.7 g, 19 mmol) was added under inert atmosphere, and the reaction mixture was cooled down to 4 

°C. N,N,N N N -pentamethyldiethylenetriamine (PMDETA) (4 mL, 20 mmol) was added dropwise and 

the reaction mixture was allowed to reach room temperature. After continuous stirring during two hours, the 

reaction was finished as monitored by UPLC and a (10:1) mixture of water: methanol (100 mL) was added. 

The organic phase was washed with water until there was no blue coloration in the aqueous phase. The 

solvent was evaporated and the crude was purified by column chromatography (SiO2 

|MeOH 3%) to yield compound 72a (9.0 g, 69%), as a pale yellow solid. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 

7.2 Hz, 2H), 3.64 (t, J = 7.4 Hz, 2H), 3.54  3.51 (m, 2H), 3.40  3.35 (m, 4H), 2.68 (t, J = 7.2 Hz, 2H), 1.94 

 1.89 (m, 2H), 1.86  1.79 (m, 4H), 1.64 (q, J = 7.7 Hz, 2H), 1.50  1.20 (m, 41H). 

13C NMR (CDCl3, 100 MHz, 25 °C) .8, 120.5, 79.9, 77.3, 

76.4, 50.1, 42.1, 40.5, 36.0, 34.2, 32.9, 32.0, 30.4, 29.6, 29.5, 29.4, 29.3, 29.3, 28.8, 28.4, 28.2, 26.7, 25.8, 

25.4. 

HR-MS: m/z calcd. for C39H66BrN5O4: 748.4371 [M+H]+, found: 748.4356 

Compound 72b 

 

In a 250 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of azide 

70 (10.0 g, 19 mmol) and haloalkyne 71b (4.0 g, 24 mmol) in dried dichloromethane (150 mL). CuBr (3.0 

g, 21 mmol) was added under inert atmosphere and the reaction mixture was cooled down using a water: ice 

bath. PMDETA (5 mL, 24 mmol) was added dropwise and the reaction mixture was allowed to reach room 

temperature under stirring during two hours. Once the reaction was finished, a (10:1) mixture of water: 

methanol was added. The aqueous phase was extracted with dichloromethane (2 x 150 mL) and the organic 

layers were mixed and washed with water until there was no more blue coloration in the aqueous phase. The 

organic layers were dried over sodium sulfate, the solvent was evaporated under reduced pressure and the 

crude material was purified by column chromatography (SiO2 4%) to yield 

compound 72b (9.0 g, 69%) as a pale orange solid. 



 
 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 7.2 Hz, 2H), 

3.68  3.62 (t, J = 7.4 Hz, 4H), 3.60  3.50 (m, 2H), 3.40  3.35 (m, 2H), 2.74 (t, J = 7.2 Hz, 2H), 1.97  1.80 

(m, 4H), 1.79  1.70 (m, 2H), 1.67 -  1.58 (m, 2H), 1.50  1.20 (m, 31H). 

13C NMR (CDCl3, 100 MHz, 25 °C) 120.6, 79.9, 69.6, 

52.4, 42.1, 40.5, 36.0, 32.3, 30.4, 30.0, 29.6, 29.4, 28.5, 26.7, 25.7. 

ESI-MS: m/z calcd. for C34H56BrN5O4: 678.36 [M+H]+, found: 678.70 

Compound 73a 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a findenser was prepared a 

solution of compound 72a (9.0 g, 12 mmol) in methyl iodide (20 mL) and dried acetonitrile (20 mL) under 

argon atmosphere. After stirring the solution at 50 °C for 30 hours, the solvents were evaporated under 

reduced pressure and the residue was washed with cyclohexane. A solution of this compound in 

dichloromethane (20 mL) was stirred with a saturated aqueous solution of NH4PF6 (20 mL) during two 

hours. After a liquid-liquid extraction and evaporation, compound 73a was obtained (10.1 g, 90% yield) as 

an orange solid, which was pure enough to be used as such in the next step. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 

7.2 Hz, 2H), 4.15 (s, 3H), 3.64 (t, J = 7.4 Hz, 2H), 3.55  3.51 (m, 2H), 3.40  3.36 (m, 2H), 3.18 (t, J = 6.9 

Hz, 2H), 2.78 (t, J = 7.2 Hz, 2H), 2.05  2.00 (m, 2H), 1.88  1.68 (m, 6H), 1.50  1.20 (m, 41H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

54.0, 42.1, 40.5, 37.4, 36.0, 33.5, 32.0, 30.5, 29.4, 29.3, 29.2, 29.0, 28.9, 28.4, 26.8, 26.3, 25.2, 23.3, 7.7. 

HR-MS: m/z calcd. for C40H69F6IN5O4P: 810.4389 [M-PF6]+, found: 810.4379 

 

 



 
 

Compound 73b 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a findenser was prepared a 

solution of compound 72b (9.0 g, 13 mmol) in methyl iodide (20 mL) and dried acetonitrile (20 mL) under 

argon atmosphere. After stirring the solution at 25 °C for three days, the solvents were evaporated under 

reduced pressure and the residue was washed with cyclohexane. A solution of this compound in 

dichloromethane (50 mL) was vigorously stirred with a saturated aqueous solution of NH4PF6 (50 mL) for 

two hours. After a liquid-liquid extraction and evaporation, compound 73b was obtained (10 g, 87%) as an 

orange solid, which was pure enough to be used as such in the next step. 

1H NMR (CDCl3, 400 MHz, 25 °C) J = 6.5 Hz, 2H), 8.74  8.71 (m, 2H), 8.21 (s, 1H), 8.17  

8.14 (m, 2H), 7.68 (s, 2H), 7.62 (d, J = 5.9 Hz, 2H), 7.55 (bs, 1H), 4.64  4.62 (m, 2H), 4.43  438 (m, 2H), 

4.11 (s, 3H), 3.59 (t, J = 6.6 Hz, 2H), 3.54  3.52 (m, 2H), 3.37  3.35 (m, 2H), 2.88 (t, J = 6.4 Hz, 2H), 2.17 

 2.10 (m, 2H), 2.00  1.96 (m, 2H), 1.82 (bs, 6H), 1.38 (bs, 11H), 1.34 (s, 18H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

128.2, 126.2, 125.8, 121.8, 79.8, 61.3, 53.9, 53.6, 41.9, 40.6, 37.4, 36.0, 32.0, 30.0, 29.4, 29.1, 28.5, 26.3, 

25.2, 23.0, 22.4. 

ESI-MS: m/z calcd. for C35H59F6IN5O4P: 740.36 [M (PF6)-]+, found: 740.94 

Compound 74a 

 

In a 500 mL one-neck round bottom flask equipped with a stirring bar and a findenser was prepared a 

solution of compound 73a -dipyridyl (6.0 g, 38 

mmol) was added and the solution was stirred at 75 °C during one day under inert atmosphere. Afterwards, 

the solvent was evaporated under reduced pressure and the crude residue was purified by column 



 
 

chromatography (SiO2 (300 g), DCM| MeOH 8%). The resulting compound was dissolved in a (9:1) mixture 

of dichloromethane/acetonitrile (50 mL) and stirred vigorously with an aqueous solution of NH4PF6 (50 mL) 

for two hours. Then, the organic phase was separated, dried over sodium sulfate and the solvent evaporated 

under reduced pressure to yield compound 74a (9.0 g, 75%).as an orange powder. 

1H NMR (CD3CN, 400 MHz, 25 °C) J=6.1 Hz, 2H), 8.78 (d, J = 7.0 Hz, 2H), 8.32 (d, J = 6.9 

Hz, 2H), 8.10 (s, 1H), 7.81  7.77 (m, 2H), 7.70 (s, 2H), 7.36 (bs, 1H), 5.60 (bs, 1H), 4.55 (t, J = 7.1 Hz, 2H), 

4.47 (t, J = 7.1 Hz, 2H), 4.08 (s, 3H), 3.68 (t, J = 7.6 Hz, 2H), 3.38 (q, J = 5.7 Hz, 2H), 3.22 (q, J = 5.8 Hz, 

2H), 2.76 (t, J = 7.6 Hz, 2H), 2.03  1.97 (m, 2H), 1.86 (p, J = 7.5 Hz, 2H), 1.67 (p, J = 7.9 Hz, 2H), 1.43 (s, 

9H), 1.41 (s, 18H), 1.37 (bs, 16H). 

13C NMR (CD3CN, 100 MHz, 25 °C)

129.8, 128.5, 127.0, 126.7, 122.8, 79.4, 77.4, 62.5, 54.5, 41.3, 41.1, 38.2, 36.6, 32.3, 31.9, 30.0, 29.9, 29.8, 

29.7, 29.6, 29.5, 28.6, 27.6, 27.5, 26.6, 25. 7, 23.7. 

HR-MS: m/z calcd. for C50H77N7O4PF6: 984.5674 [M-PF6]+, found: 984.5670 

Compound 74b 

 

In a 500 mL one-neck round bottom flask equipped with a stirring bar and a findenser was prepared a 

solution of compound 73b -dipyridyl (6.0 g, 38 mmol) 

was added and the solution was stirred at 75 °C during one day under inert atmosphere. Then, the solvent 

was evaporated under reduced pressure and the crude product was purified by column chromatography (SiO2 

of dichloromethane/acetonitrile (50 mL) and vigorously stirred with an aqueous solution of NH4PF6 (50 mL) 

during two hours. Then, the organic phase was separated, dried and the solvent evaporated to yield 

compound 74b (8.0 g, 65%) as an orange powder. 

1H NMR (CD3CN, 400 MHz, 25 °C) J = 6.5 Hz, 2H), 8.74  8.71 (m, 2H), 8.21 (s, 1H), 8.17 

 8.14 (m, 2H), 7.68 (s, 2H), 7.62 (d, J = 5.9 Hz, 2H), 7.55 (bs, 1H), 4.65  4.62 (m, 2H), 4.43  4.38 (m, 



 
 

2H), 4.11 (s, 3H), 3.59 (t, J = 6.6 Hz, 2H), 3.53  3.51 (m, 2H), 3.37  3.35 (m, 2H), 2.88 (t, J = 6.4 Hz, 2H), 

2.18  2.10 (m, 2H), 2.00  1.94 (m, 2H), 1.82 (bs, 6H), 1.38 (s, 11H), 1.34 (bs, 18H). 

13C NMR (CD3CN, 100 MHz, 25 °C)

128.4, 128.2, 126.2, 125.8, 121.8, 79.8, 61.3, 54.0, 53.6, 41.9, 40.6, 37.4, 36.0, 32.0, 30.0, 29.4, 29.1, 28.5, 

26.3, 25.2, 23.0, 22.4. 

HR-MS: m/z calcd. for C45H67F6N7O4P: 914.4891 [M-PF6]+, found: 914.4883 

Compound 75a 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a findenser was prepared a 

mixture of bipyridinium derivative 74a (2.3 g, 2 mmol) and pseudo[c2]daisy chain rotaxane 52 (1.5 g, 0.9 

mmol) in a (3:1) mixture of chloroform/acetonitrile (40 mL). The reaction mixture was stirred at 65 °C during 

four days under argon atmosphere. Afterwards, the solvents were evaporated under reduced pressure and the 

crude was purified by column chromatography (SiO2 

methanol: 2 M ammonium chloride 20%: nitromethane 10%). Solid ammonium hexafluorophosphate was 

added to the combined fractions containing compound 75a, leading to a yellow precipitate that was filtrated, 

washed with water, and dried under vacuum, affording compound 75a (0.9 g, 24%) as a yellow solid. 

1H NMR (CD3CN, 400 MHz, 25 °C) J = 7.1 Hz, 4H), 8.91 (d, J = 7.0 Hz, 4H), 8.42  8.38 

(m, 8H), 8.10 (s, 2H), 7.69 (s, 4H), 7.64 (d, J = 8.2 Hz, 4H), 7.53 (d, J = 8.3 Hz, 4H), 7.42 (bs, 2H), 7.30  

7.20 (m, 2H), 6.99  6.92 (m, 2H), 6.87  6.78 (m, 10H), 6.47 (d, J = 8.4 Hz, 2H), 5.83 (s, 4H), 5.66 (bs, 

2H), 4.86  4.68 (m, 6H), 4.65  4.56 (m, 6H), 4.47 (t, J = 7.1 Hz, 4H), 4.32  4.23 (m, 4H), 4.17  4.13 (m, 

4H), 4.08 (s, 6H), 4.01  3.30 (m, 48H), 3.23  3.18 (m, 4H), 2.76 (t, J = 7.1 Hz, 4H), 2.05  2.00 (m, 4H), 

1.86 (p, J = 7.6 Hz, 4H), 1.68 (p, J = 7.9 Hz, 4H), 1.51  1.15 (m, 86H). 

13C NMR (CD3CN, 100 MHz, 25 °C)

146.6, 146.5, 146.4, 145.7, 144.7, 135.3, 134.5, 130.8, 130.7, 128.5, 128.4, 128.1, 126.7, 125.6, 123.8, 121.8, 

112.9, 77.4, 72.7, 72.5, 71.5, 71.3, 71.2, 68.7, 68.3, 65.0, 63.0, 54.4, 38.1, 36.6, 32.2, 31.9, 30.8, 29.9, 29.8, 

29.7, 29.6, 29.5, 29.4, 28.5, 27.5, 27.4, 26.5, 26.4, 25.5, 23.6. 



 
 

ESI-MS: m/z calcd. for C166H240F48N16O24P8: 946.93 [M-2H+-8(PF6)-]3+ , found: 946.50 

Compound 75c 

 

This unthreaded compound was obtained as a yellow solid during the reaction course that led to 

compound 75a. 

1H NMR (CD3OD, 400 MHz, 25 °C) J = 6.8 Hz, 4H), 8.69 (dd, J = 15.3, 6.5 Hz, 4H), 8.64, (s, 

1H), 7.76 (s, 2H), 7.56 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.6 Hz, 2H), 6.93  6.83 (m, 

5H), 6.02 (s, 2H), 4.75 (t, J = 7.6 Hz, 2H), 4.61 (t, J = 7.2 Hz, 2H), 4.30 (s, 2H), 4.23 (s, 3H), 4.21 (s, 2H), 

4.12 4.05 (m, 8H), 3.93  3.83 (m, 8H), 3.80  3.75 (m, 8H), 3.72 (t, J = 7.4 Hz, 2H), 3.44 (t, J = 6.0 Hz, 

2H), 3.27 (t, J = 6.0 Hz, 2H), 2.88 (t, J = 7.4 Hz, 2H), 2.15  2.01 (m, 4H), 1.91 (p, J = 7.4 Hz, 2H), 1.78 (p, 

J = 8.0 Hz, 2H), 1.54  - 1.44 (m, 29H), 1.40 (bs, 12H). 

13C NMR (CD3OD, 100 MHz, 25 °C):  = 170.6, 162.3, 158.9, 151.2, 150.7, 150.1, 149.9, 147.3, 147.0, 

146.3, 144.9, 135.7, 134.5, 132.3, 130.3, 129.5, 129.1, 128.6, 128.3, 127.2, 125.7, 124.8, 123.3, 123.1, 117.0, 

117.0, 116.4, 115.8, 80.1, 77.7, 71.7, 71.5, 70.8, 70.7, 70.7, 70.6, 70.2, 69.9, 65.1, 63.2, 54.7, 52.1, 51.4, 

41.7, 40.9, 37.9, 36.9, 32.6, 32.5, 30.5, 30.4, 30.3, 30.2, 30.1, 28.7, 27.9, 27.3, 27.3, 26.3, 24.2. 

HR MS: m/z calcd. for C83H120N8O12Cl4: 1563.7824 [M+H]+, found: 1563.8500 

Compound 75b 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a findenser was prepared a 

mixture of bipyridinium derivative 74b (4.0 g, 3.8 mmol) and pseudo[c2]daisy chain rotaxane 52 (2.9 g, 1.8 

mmol) in a mixture of chloroform/acetonitrile (60 mL). The mixture was vigorously stirred at 65 °C during 

four days under argon atmosphere. Afterwards, the solvents were evaporated under reduced pressure and the 



 
 

crude residue was purified by column chromatography (SiO2 

methanol: 2 M ammonium chloride 20%: nitromethane 10%). Solid ammonium hexafluorophosphate was 

added to the combined fractions containing compound 75b, leading to a yellow precipitate that was filtrated, 

washed with water, and dried under vacuum, affording compound 75b (1.6 g, 23%) as a yellow solid. 

1H NMR (CD3CN, 500 MHz, 25 °C) J = 17.7, 6.9 Hz, 4H), 8.42  8.38 (m, 8H), 8.13 (s, 2H), 

7.70 (s, 4H), 7.64 (d, J = 8.2 Hz, 4H), 7.53 (d, J = 8.3 Hz, 4H), 7.33 (bs, 2H), 7.27  7.16 (m, 2H), 7.00  

6.78 (m, 12H), 6.47 (d, J = 8.4 Hz, 2H), 5.83 (s, 4H), 5.57 (bs, 2H), 4.85  4.71 (m, 3H), 4.66 (t, J = 7.6 Hz, 

6H), 4.61-4.56 (m, 2H), 4.48 (t, J = 7.2 Hz, 4H), 4.31  4.25 (m, 2H), 4.20  3.35 (m, 60H), 3.24  3.15 (m, 

4H), 2.86 (t, J = 7.1 Hz, 4H), 2.15  2.10 (m, 4H), 1.99  1.96 (m, 4H), 1.91  1.76 (m, 8H), 1.50  1.25 (m, 

62H). 

13C NMR (CD3CN, 125 MHz, 25 °C)

146.6, 146.5, 144.7, 144.6, 135.4, 134.5, 130.8, 130.7, 129.7, 128.7, 128.4, 128.3, 126.7, 125.6, 123.8, 121.8, 

114.4, 112.9, 79.4, 77.4, 72.7, 72.5, 71.5, 71.3, 71.2, 71.2, 70.7, 70.6, 68.8, 68.3, 67.9, 65.0, 62.3, 54.5, 53.3, 

52.5, 41.2, 41.0, 38.2, 36.6, 32.2, 30.8, 29.9, 29.7, 28.5, 26.5, 25.6, 23.9, 23.0. 

ESI-MS: m/z calcd. for C156H220F48N16O24P8: 899.88 [M-2H+-8(PF6)-]3+ , found: 899.88 

Compound 76a 

 

In a 50 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of [c2]daisy 

chain 75a (0.9 g, 0.22 mmol) in acetonitrile (14 mL). Acetic anhydride (2.0 mL, 21.5 mmol) was added and 

the solution was cooled down in a water/ice bath. Then, a 10% N,N,N diisopropylethylamine solution in 

acetonitrile (4 mL) was added dropwise under stirring at 0 °C. After one hour, a 1 M HCl solution (10 mL) 

was added and the product was extracted with dichloromethane (2 x 40 mL), the organic phase was dried 

over sodium sulfate and the solvent evaporated under reduced pressure. The residue was dissolved in a small 

amount of dichloromethane and ethyl acetate (10 times the volume of DCM) was added to precipitate and 

wash the desired product. The solvents were removed under reduced pressure and the procedure was 

repeated twice. Finally, the product was washed with toluene and dried under reduced pressure affording 



 
 

acetylated compound 76a (0.75 g, 88%) as an orange powder which was pure enough to be used as such for 

the next step. 

1H NMR (CD3CN, 400 MHz, 25 °C)  9.21 (m, 3H), 8.95  8.82 (m, 4H), 8.12 (s, 2H), 7.94  

7.73 (m, 3H), 7.70 (s, 4H), 7.66  7.62 (m, 2H), 7.54  7.45 (m, 4H), 7.40  7.30 (m, 3H), 7.27  7.13 (m, 

13H), 7.08  6.98 (m, 1H), 6.88  6.78 (m, 1H), 6.75  6.15 (m, 14H), 5.80  5.50 (m, 5H), 4.93  4.84 (m, 

3H), 4.48 (t, J = 7.1 Hz, 4H), 4.20  3.50 (m, 62H), 3.38 (q, J = 5.7 Hz, 4H), 3.22 (q, J = 5.4 Hz, 4H), 2.79 

(t, J = 7.7 Hz, 4H), 2.32 (s, 6H), 1.90  1.80 (m, 6H), 1.75  1.65 (m, 4H), 1.60  1.30 (m, 88H). 

13C NMR (CD3CN, 100 MHz, 25 °C)

146.0, 145.9, 145.7, 144.6, 138.8, 132.3, 131.2, 130.5, 129.8, 129.7, 129.1, 128.4, 128.0, 127.9, 127.2, 126.6, 

126.2, 113.0, 112.9, 79.3, 77.4, 71.5, 71.4, 71.3, 70.7, 70.6, 70.5, 69.1, 69.0, 68.9, 65.0, 60.9, 55.9, 54.4, 

43.9, 41.2, 41.0, 38.1, 36.7, 32.2, 30.5, 30.4, 30.3, 30.2, 30.1, 30.0, 29.9, 29.8, 29.7, 29.5, 28.5, 27.5, 26.5, 

25.6, 23.7, 21.7, 18.6, 17.2, 14.4, 12.9. 

HR-MS: m/z calcd. for C170H242F24N16O26P4: 1752.8365 [M-2PF6]2+, found: 1752.8262 

Compound 76b 

 

In a 50 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of [c2]daisy 

chain 75b (1.6 g, 0.22 mmol) in acetonitrile (20 mL). Acetic anhydride (2.0 mL, 21.5 mmol) was added to 

the solution which was cooled down in a water/ice bath. Then, a 10% N,N,N diisopropylethylamine solution 

in acetonitrile (4 mL) was added dropwise under stirring at 0 °C. After one hour, a 1 M HCl solution (10 

mL) was added and the product was extracted with dichloromethane (2 x 50 mL). The organic phase was 

dried over sodium sulfate, the solvents were evaporated under reduced pressure and the crude residue was 

dissolved in a small amount of dichloromethane and ethyl acetate (10 times the volume of dichloromethane) 

was added to precipitate and wash the desired product. The solvents were removed under reduced pressure 

and the procedure was repeated twice. Finally, the product was washed with toluene and dried under reduced 

pressure affording acetylated compound 76b (1.3 g, 86%) as an orange solid pure enough to be used as such 

in the next step. 



 
 

1H NMR (CD3CN, 400 MHz, 25 °C):  = 9.27  9.23 (m, 4H), 8.89 (qd, J = 18.9, 17.6, 6.8 Hz, 5H), 8.39 

 8.29 (m, 1H), 8.21  8.16 (m, 2H), 7.77  7.70 (m, 6H), 7.63 (d, J = 10.6 Hz, 2H), 7.51 (dd, J = 10.9, 7.5 

Hz, 4H), 7.43  7.40 (m, 1H), 7.34  7.32 (m, 2H), 7.24 (d, J = 7.3 Hz, 1H), 7.19 (d, J = 8.2 Hz, 3H), 7.08 

(d, J = 8.1 Hz, 1H), 6.92  6.82 (m, 1H), 6.72  6.49 (m, 10H), 6.42 (t, J = 5.7 Hz, 1H), 6.31 (d, J = 8.1 Hz, 

1H), 6.21 (d, J = 13.4 Hz, 1H), 5.74 (dt, J = 26.2, 14.4 Hz, 1H), 5.59  5.56 (m, 2H), 5.04  5.00 (m, 4H), 

4.51 (q, J = 7.3 Hz, 5H), 4.20  3.60 (m, 64H), 3.38 (q, J = 5.7 Hz, 4H), 3.22 (q, J = 5.7 Hz, 4H), 2.99  2.94 

(m, 4H), 2.62  2.44 (m, 3H), 1.99  1.96 (m, 6H), 1.90  1.82 (m, 6H), 1.47  1.27 (m, 70H). 

13C NMR (CD3CN, 100 MHz, 25 °C):  = 172.4, 172.2, 168.1, 161.6, 150.6, 148.1, 148.0, 147.9, 147.8, 

146.8, 146.2, 145.6, 145.1, 144.7, 140.3, 138.9, 132.4, 131.2, 130.5, 129.9, 129.8, 129.2, 128.5, 127.9, 127.3, 

127.1, 126.7, 126.2, 124.0, 121.9, 113.0, 79.4, 77.4, 71.6, 71.5, 70.7, 70.6, 69.0, 68.9, 68.6, 65.0, 61.4, 60.9, 

55.9, 55.3, 54.6, 51.7, 48.6, 43.9, 41.3, 41.1, 38.3, 36.7, 36.6, 32.3, 32.2, 30.0, 29.8, 29.8, 28.6, 26.6, 25.7, 

25.0, 23.9, 21.8, 21.7, 21.4, 21.1, 20.6, 18.6, 17.3, 14.5, 12.9. 

HR-MS: m/z calcd. for C160H222F24N16O26P4: 1682.2566 [M-2PF6]2+, found: 1682.2539 

Compound 77a 

 

In a 50 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of [c2]daisy 

chain rotaxane 76a (0.75 g, 0.22 mmol) in dichloromethane (5 mL). Trifluoroacetic acid (3 mL, 40 mmol) 

was added and the solution was stirred at 25 °C for two hours. Once the solvent was evaporated, the residue 

was dissolved in a small amount of dichloromethane and ethyl acetate (10 times the volume of 

dichloromethane) was added to precipitate and wash the desired product. The solvents were removed under 

reduced pressure and the procedure was repeated two times. Finally, the product was washed with toluene 

and dried under vacuum affording the free bis-amine [c2]daisy chain 77a (0.6 g, 84%) as an orange powder 

which was pure enough to be used as such in the next step. 

1H NMR (CD3CN, 400 MHz, 25 °C)  9.22 (m, 4H), 8.93  8.83 (m, 4H), 8.42  8.34 (m, 1H), 

8.13 (s, 2H), 7.74  7.72 (m, 4H), 7.70  7.64 (m, 4H), 7.55  7.44 (m, 4H), 7.55  7.44 (m, 3H), 7.38  7.33 

(m, 2H), 7.27  7.23 (m, 2H), 7.20  7.12 (m, 4H), 7.07  7.05 (m, 1H), 6.86  6.83 (m, 1H), 6.70  6.50 (m, 

10H), 6.44  6.38 (m, 1H), 6.34  6.21 (m, 2H), 5.80  5.60 (m, 4H), 4.94  4.84 (m, 3H), 4.51  4.46 (m, 



 
 

5H), 4.12  4.07 (m, 10H), 3.98  3.84 (m, 10H), 3.80 - 3.63 (m, 30H), 3.59  3.55 (m, 6H), 3.20  3.16 (m, 

4H), 2.81  2.75 (m, 4H), 2.35  2.25 (m, 6H), 1.90  1.84 (m, 5H), 1.76  1.66 (m, 5H), 1.60  1.30 (m, 

70H). 

13C NMR (CDCl3, 100 MHz, 25 °C)

145.8, 145.0, 140.2, 138.9, 132.5, 131.2, 129.9, 129.4, 129.2, 128.5, 128.0, 127.3, 127.1, 126.3, 124.1, 121.9, 

113.0, 111.7, 77.6, 71.5, 70.7, 69.0, 65.0, 62.5, 61.0, 55.9, 54.5, 43.9, 42.5, 38.8, 38.2, 36.7, 32.3, 30.5, 30.1, 

29.8, 29.6, 27.6, 26.6, 25.7, 23.8, 21.5, 21.2, 18.7, 17.3, 14.5, 12.9. 

HR-MS: m/z calcd. for C160H226F24N16O22P4: 1652.2824 [M-2PF6]2+, found: 1652.2665 

Compound 77b 

 

In a 50 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of [c2]daisy 

chain rotaxane 76b (1.24 g, 0.34 mmol) in dichloromethane (10 mL). Trifluoroacetic acid (5 mL, 40 mmol) 

was added and the solution was stirred at room temperature for four hours. Once the solvent was evaporated 

under reduced pressure, the residue was dissolved in a minimum amount of dichloromethane and ethyl 

acetate (10 times the volume of dichloromethane) was added to precipitate and wash the desired product. 

The solvents were removed under reduced pressure and the procedure was repeated twice. Finally, the 

product was washed with toluene and dried under vacuum affording the free bis-amine [c2]daisy chain 

rotaxane 77b (1.05 g, 85%) as an orange powder, which was pure enough to be used as such for the next 

step. 

1H NMR (CD3CN, 400 MHz, 25 °C) J = 21.1 Hz, 4H), 8.98  8.68 (m, 5H), 8.23 (d, J = 2.7 

Hz, 1H), 8.18 (s, 1H), 7.80  7.60 (m, 10H), 7.52 (d, J = 7.2 Hz, 4H), 7.42 (bs, 2H), 7.18 (d, J = 7.7 Hz, 2H), 

7.10  7.90 (m, 6H), 6.72  6.42 (m, 12H), 6.33 (d, J = 8.3 Hz, 1H), 6.22 (bs, 1H), 5.83  5.63 (m, 4H), 5.05 

 5.00 (m, 5H), 4.60  4.50 (m, 5H), 4.20  3.50 (m, 64H), 3.17 (bs, 4H), 3.00  2.95 (m, 4H), 2.63  2.43 

(m, 4H), 2.06  1.96 (m, 8H), 1.92  1.82 (m, 6H), 1.46  1.36 (m, 40H), 1.35  1.25 (m, 12H). 



 
 

13C NMR (CD3CN, 100 MHz, 25 °C)

131.3, 130.5, 130.2, 129.4, 128.5, 128.4, 127.1, 115.1, 112.9, 77.5, 71.5, 71.4, 70.7, 70.6, 70.5, 69.0, 68.8, 

55.8, 54.6, 42.4, 38.7, 38.3, 36.6, 32.2, 30.0, 29.8, 29.2, 28.6, 26.6, 25.6, 25.0, 23.9, 23.4, 21.6, 18.6, 17.2, 

12.9. 

HR-MS: m/z calcd. for C150H206F24N16O22P4: 1582.2041 [M-2PF6]2+, found: 1582.1998 

2-amino-6-(tert-butyl)pyrimidin-4(3H)-one (57) 

 

A 500 mL one-neck round bottom flask equipped with a stirring bar and a findenser was charged with 

the commercially available ethyl pivaloylacetate (12.08 g, 70.3 mmol), guanidine carbonate (11 g, 91.3 

mmol) and potassium tert-butoxide (10.43 g, 93.1 mmol) dissolved in dry ethanol (250 mL) and the solution 

stirred at reflux for three days. The solvent was removed and a 1 M HCl aqueous solution was added to 

adjust the pH about 5. The precipitate was filtered and washed with diluted 1 M HCl solution and deionized 

water until the pH of the filtrate was about 7. The precipitate was collected and dried under vacuum to provide 

compound 54 (9.86 g, 84% yield) as a pale yellow powder  which was pure enough to be used as such in the 

next step. 

1H NMR (DMSO-d6, 400 MHz, 25 °C)  

13C NMR (DMSO-d6, 100 MHz, 25 °C):  = 164.8, 155.1, 96.9, 36.3, 28.9, 27.3. 

N-(4-(tert-butyl)-6-hydroxypyrimidin-2-yl)-1H-imidazole-2-carboxamide (78) 

 

A 500 mL one-neck round bottom flask equipped with a stirring bar and a findenser was charged with 

6-tert-butylisocytosine 54 (2.5 g, 14.97 mmol) and 1,1 carbonyldiimidazole (3.16 g, 19.46 mmol) dissolved 

in dry tetrahydrofuran (15 mL) and triethylamine. This solution was heated at reflux under continuous 

stirring for six hours under argon atmosphere. The reaction mixture was concentrated under reduced pressure 



 
 

acetone was added. The resulting precipitate was washed thoroughly with acetone, filtered off and dried, 

providing compound 55 (88 %) as a pale yellow powder. 

1H NMR (DMSO-d6, 400 MHz, 25 °C) ), 7.58  7.57 (m, 1H), 6.90  6.88 

(m, 1H), 5.65 (s, 1H), 1.17 (s, 9H). 

13C NMR (DMSO-d6, 100 MHz, 25 °C):  = 177.0, 163.2, 159.3, 156.2, 136.7, 136.1, 128.4, 117.1, 98.9, 

36.8, 29.0. 

Methyl 3-(3-(4-(benzyloxy)-6-(tert-butyl)pyrimidin-2-yl)ureido)propanoate (80)

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar was dissolved compound 56 (1.0 

g, 4.0 mmol) in dry N,N-dimethylformamide (20 mL) and potassium carbonate (1.0 g, 8.0 mmol) under 

argon atmosphere. Benzyl bromide (0.7 mL, 6.0 mmol) was added and the mixture was stirred at room 

temperature overnight. Water (40 mL) was added and dichloromethane (2 x 40 mL) was used for liquid-

liquid extraction. The solvent was removed under reduced pressure and the crude residue was purified by 

silica column chromatography to yield compound 57 (1.0 g, 69%) as a pale yellow solid. 

1H NMR (DMSO-d6, 400 MHz, 25 °C) J = 5.7 Hz, 1H), 7.52 (dd, J = 8.0, 1.5 Hz, 

2H), 7.41  7.31 (m, 3H), 6.42 (s, 1H), 5.36 (s, 2H), 3.58 (s, 3H), 3.47 (q, J = 6.1 Hz, 2H), 2.57 (t, J = 6.2 

Hz, 2H), 1.23 (s, 9H). 

13C NMR (DMSO-d6, 100 MHz, 25 °C):  = 178.1, 172.1, 169.9, 157.3, 154.1, 136.1, 128.9, 128.4, 128.2, 

96.1, 67.5, 51.4, 36.9, 35.2, 34.1, 28.9. 

HR MS: m/z calcd. for C20H26N4O4: 387.2027 [M+H]+, found: 387.2018 

 

 



 
 

3-(3-(4-(benzyloxy)-6-(tert-butyl)pyrimidin-2-yl)ureido)propanoic acid (81) 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a findenser was dissolved 

compound 57 (1.0 g, 2.6 mmol) in a mixture of tetrahydrofuran (45 mL), methanol (15 mL) and water (5 

mL). Then sodium hydroxide (0.4 g, 10.4 mmol) was added, and the reaction mixture was stirred at 65 °C 

for four hours. After that time, the reaction mixture was cooled down and a 1 M HCl solution (50 mL) was 

added and the aqueous phase was extracted with dichloromethane (2 x 100 mL) The organic phase was dried 

over sodium sulfate and the solvent was evaporated under reduced pressure to yield compound 58 (0.86 g, 

90%) as transparent liquid that turns into a solid. 

1H NMR (DMSO-d6, 400 MHz, 25 °C) J = 5.7 Hz, 1H), 7.51 (dd, 

J = 8.0, 1.4 Hz, 2H), 7.41  7.31 (m, 3H), 6.42 (s, 1H), 5.37 (s, 2H), 3.43 (q, J = 6.1 Hz, 2H), 2.46 (t, 2H), 

1.23 (s, 9H). 

13C NMR (DMSO-d6, 100 MHz, 25 °C):  = 178.2, 173.2, 169.9, 157.3, 154.1, 136.2, 128.8, 128.4, 128.2, 

96.1, 67.4, 36.1, 35.3, 34.3, 28.9. 

3-(3-(4-(tert-butyl)-6-oxo-1,6-dihydropyrimidin-2-yl)ureido)propanoic acid (82) 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar and a findenser was dissolved 

compound 56 (1.7 g, 5.7 mmol) in a mixture of tetrahydrofuran (45 mL), methanol (15 mL) and water (5 

mL). Then, sodium hydroxide (1.0 g, 26 mmol) was added, and the reaction mixture was stirred at 65 °C 

during four hours. After that time, the reaction was cooled down and a 1 M HCl solution (50 mL) was added 

and the aqueous phase was extracted with dichloromethane (2 x 100 mL) The organic phase was dried over 

sodium sulfate and the solvent was evaporated under reduced pressure to yield compound 59 (1.45 g, 90%) 

as transparent liquid that turns into a solid. 



 
 

1H NMR (DMSO-d6, 400 MHz, 25 °C) 2 (s, 1H), 9.69 (s, 1H), 9.40 (t, J = 5.7 Hz, 1H), 6.55 (s, 1H), 

3.43 (q, J = 6.1 Hz, 2H), 2.46 (t, 2H), 1.23 (s, 9H). 

13C NMR (DMSO-d6, 100 MHz, 25 °C):  = 178.5, 173.7, 169.9, 156.5, 149.1, 96.9, 36.1, 35.3, 34.3, 28.2. 

Compound 83a 

 

In a 10 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of [c2]daisy 

chain 53a (40 mg, 0.011 mmol) in dry N,N-dimethylformamide (2 mL). Then, sodium hydrogen carbonate 

(10 mg, 0.11 mmol), hydroxybenzotriazole (6.0 mg, 0.044 mmol), EDCI (9.6 mg, 0.05 mmol) and 

compound 58 (12 mg, 0.033 mmol) were added. The reaction mixture was stirred at 30 °C during six hours 

and the end of the reaction was confirmed by UPLC-MS. Then, a 1 M HCl solution (5 mL) was added 

maintaining the stirring for 30 minutes. Afterwards, a saturated solution of sodium hydrogen carbonate (5 

mL) was added and the aqueous phase was extracted with dichloromethane (3 x 30 mL). Finally, the organic 

phase was washed a 1 M HCl solution (10 mL), dried over sodium sulfate and the solvent evaporated under 

reduced pressure affording compound 60a (31.5 mg, 70%).as an orange solid. 

ESI MS: m/z calcd. for C198H270F36N24O28P6: 858.51 [M-6(PF6)-]4+, found: 858.55 

Compound 84a 

 

In a 10 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of [c2]daisy 

chain 53a (40 mg, 0.011 mmol) in dry N,N dimethylformamide (2 mL). Then, sodium hydrogen carbonate 

(10 mg, 0.11 mmol), hydroxybenzotriazole (6.0 mg, 0.044 mmol), EDCI (9.6 mg, 0.05 mmol) and 

compound 59 (9 mg, 0.033 mmol) were added. The reaction mixture was stirred at 30 °C during six hours 



 
 

and the end of the reaction was confirmed by UPLC-MS. Then, a 1 M HCl 1 solution (5 mL) was added 

maintaining the stirring for 30 minutes. Afterwards, a saturated solution of sodium hydrogen carbonate (5 

mL) was added and the aqueous phase was extracted with dichloromethane (2 x 20 mL). Finally, the organic 

phase is washed with a 1 M HCl solution (20 mL), dried over sodium sulfate and the solvent evaporated 

under reduced pressure affording compound 61a (32 mg, 70%) as an orange solid. 

ESI MS: m/z calcd. for C184H258F36N24O28P6: 812.98 [M-2H-6(PF6)-]4+, found: 812.89 

Compound 84b 

 

In a 10 mL one-neck round bottom flask equipped with a stirring bar was prepared a solution of [c2]daisy 

chain 53b (0.1 g, 0.027 mmol) in dry N,N dimethylformamide (9 mL). Then, sodium hydrogen carbonate 

(0.022 g, 0.27 mmol), hydroxybenzotriazole (0.01 g, 0.078 mmol), EDCI (0.03 g, 0.15 mmol) and compound 

59 (0.025 g, 0.087 mmol) were added. The reaction mixture was stirred at 30 °C during six hours and the 

end of the reaction was confirmed by UPLC-MS. Then, a 1M HCl solution (5 mL) was added maintaining 

the stirring for 30 minutes. Afterwards, a saturated solution of sodium hydrogen carbonate (5 mL) was added 

and the aqueous phase was extracted with dichloromethane: acetonitrile 10% (2 x 40 mL). Finally, the 

organic phase was washed with a 1 M HCl solution (30 mL), the product stuck on the walls of the separating 

funnel was dissolved in methanol, and the solvent evaporated giving an orange solid (0.07 g, 60%). 

ESI MS: m/z calcd. for C174H238F36N24O28P6: 777.94 [M-2H-6(PF6)-]4+, found: 777.96 

 

 

 



 
 

Compound 85a 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar was prepared a mixture of 

[c2]daisy chain 53a (2.0 g, 0.52 mmol) and sodium hydrogen carbonate (0.40 g, 5.2 mmol) in dry N,N-

dimethylformamide (6 mL). Then, an aliquot (4 mL) of a 0.135 M MDI solution in dry N,N-

dimethylformamide was added, followed by one drop of dibutyltin dilaurate (DBTDL) and the reaction 

mixture was vigorously stirred for 48h under argon atmosphere at 30 °C. After that time, a (8:2) solution 

of 1 M HCl/MeOH (20 mL) was added, and an orange precipitate was formed. The polymer was purified 

by centrifugation, washed twice with water, dissolved in acetonitrile and dried under reduced pressure to 

yield compound 62a (1.6 g, 80%) as an orange solid. 

Compound 85b 

 

In a 100 mL one-neck round bottom flask equipped with a stirring bar was prepared a mixture of 

[c2]daisy chain 53b (0.50 g, 0.14 mmol) and sodium hydrogen carbonate (0.12 g, 1.44 mmol) in dry N,N-

dimethylformamide (1 mL). Then, an aliquot (4 mL) of a 0.036 M MDI solution prepared in dry N,N-

dimethylformamide was added, followed by one drop of dibutyltin dilaurate (DBTDL) and the reaction 

mixture was vigorously stirred for 48h under argon atmosphere at 30 °C. After that time, a (8:2) solution 

of 1 M HCl/MeOH (20 mL) was added, and an orange precipitate was formed. The polymer was purified 

by centrifugation, washed twice with water, dissolved in acetonitrile and dried under reduced pressure to 

yield compound 62b (0.4 g, 75%) as an orange solid. 



 
 

  

 

 

Figure 5.2. 1H (top) and 13C (bottom) NMR spectra of compound 4 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.3. 1H (top) and 13C (bottom) NMR spectra of compound 5 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.4. 1H NMR spectra of compound 6 (top) and compound 8 (bottom) in CDCl3 (6) and CD3OD (8) at 25 °C. 



 
 

 

 

Figure 5.5. 1H (top) and 13C (bottom) NMR spectra of compound 13 in CDCl3 at 25 °C. 



 
 

 

Figure 5.6. 1H (top) and 13C (bottom) NMR spectra of compound 14 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.7. 1H (top) and 13C (bottom) NMR spectra of compound 16 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.8. 1H (top) and 13C (bottom) NMR spectra of compound 17 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.9. 1H (top) and 13C (bottom) NMR spectra of compound 18 in CDCl3 at 25 °C. 



 
 

 

 

 

Figure 5.10. 1H (top) and 13C (bottom) NMR spectra of compound 19 in CDCl3 at 25 °C. 



 
 

 

 

 

Figure 5.11. 1H (top) and 13C (bottom) NMR spectra of compound 20Ext in CDCl3 at 25 °C. 



 
 

 

Figure 5.12. HR-MS spectrum of compound 20Ext. 



 
 

 

 

 

Figure 5.12. 1H (top) and 13C (bottom) NMR spectra of compound 20Cont in CDCl3 at 25 °C. 

 



 
 

 

Figure 5.13. HR-MS spectrum of compound 20Cont. 



 
 

 

 

Figure 5.14. 1H (top) and 13C (bottom) NMR spectra of compound 27 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.15. 1H (top) and 13C (bottom) NMR spectra of compound 28 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.16. 1H (top) and 13C (bottom) NMR spectra of compound 29 in CDCl3 at 25 °C. 



 
 

 

Figure 5.17. HR-MS spectrum of compound 30. 

 

 

 

 



 
 

 

Figure 5.18. HR-MS spectrum of compound 31. 

 

 

 

 



 
 

 

Figure 5.19. ESI-MS spectrum of compound 32. 

 

 

 

 

 

 

 

 

 



 
 

 

 

Figure 5.20. 1H (top) and 13C (bottom) NMR spectra of compound 35 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.21. 1H (top) and 13C (bottom) NMR spectra of compound 36 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.22. 1H (top) and 13C (bottom) NMR spectra of compound 37 in CDCl3 at 25 °C. 



 
 

 

Figure 5.23. HR-MS spectrum of compound 38. 



 
 

 

 

Figure 5.24. ESI-MS spectrum of compound 39 (top) and HR-MS spectrum of compound 40 (bottom). 



 
 

 

 

Figure 5.25. HR-MS spectrum of 41Ext (top) and ESI-MS spectrum 41Cont (bottom). 



 
 

 

 

Figure 5.26. 1H (top) and 13C (bottom) NMR spectra of compound 67 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.27. 1H (top) and 13C (bottom) NMR spectra of compound 68 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.28. 1H (top) and 13C (bottom) NMR spectra of compound 69 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.29. 1H (top) and 13C (bottom) NMR spectra of compound 70 in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.30. 1H (top) and 13C (bottom) NMR spectra of compound 72a in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.31. 1H (top) and 13C (bottom) NMR spectra of compound 73a in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.32. 1H (top) and 13C (bottom) NMR spectra of compound 74a in CD3CN at 25 °C. 



 
 

 

 

Figure 5.33. 1H (top) and 13C (bottom) NMR spectra of compound 74b in CDCl3 at 25 °C. 



 
 

 

 

Figure 5.34. 13C NMR spectra of compounds 75a in CD3CN and 75c in CD3OD at 25 °C. 



 
 

 

 

Figure 5.35. 1H (top) and 13C (bottom) NMR spectra of compound 76b in CD3CN at 25 °C. 



 
 

 

 

Figure 5.36. 1H (top) and 13C (bottom) NMR spectra of compound 77a in CD3CN at 25 °C. 



 
 

 

 

Figure 5.37. 1H (top) and 13C (bottom) NMR spectra of compound 77b in CD3CN at 25 °C. 



 
 

 

 

Figure 5.38. 1H (top) and 13C (bottom) NMR spectra of compound 80 in DMSO-d6 25 °C. 



 
 

 

 

Figure 5.39. Chromatogram (top) and ESI-MS spectrum (bottom) of compound 83a. 

 



 
 

 

 

Figure 5.40. Chromatogram (top) and ESI-MS spectrum (bottom) of compound 84a. 

 



Christian Camilo CARMONA VARGAS 

Synthèse et couplage de rotaxanes [c2] bistables pour la 

fabrication de matériaux stimulables. 

Résumé 

Les matériaux actionnables basés sur des machines moléculaires synthétiques ont un grand potentiel pour faire 
partie d'une révolution technologique permettant de relever certains défis en médecine régénérative, interfaces 
homme-machine, robotique, entre autres. Dans cette direction, plusieurs groupes de recherche ont investi de 
nombreux efforts pour coupler les machines moléculaires entre elles et avec leur environnement afin d'exploiter 
leur mouvement collectif (à l'échelle nanométrique) à des échelles de longueur plus élevées. Cependant, pour 
aller plus loin et obtenir des actions macroscopiques optimisées, il est nécessaire de contrôler précisément leur 
organisation spatiale en 3D sur de très longues distances. Ce travail décrit trois approches différentes pour la 
synthèse de matériaux qui traduisent le mouvement de leurs composants en une réponse macroscopique. Le 
chapitre 1 est consacré à l'état de l'art des rotaxanes bistables [c2] afin de contextualiser le lecteur. Le chapitre 
2 décrit la voie de synthèse suivie pour obtenir des mésophases mécaniquement actives avec un rotaxane 
bistable [c2] à l'état cristallin liquide. Les chapitres 3 et 4 sont principalement consacrés à la conception et à la 
synthèse de monomères de rotaxanes bistables [c2] qui seront impliqués dans des polymérisations covalentes 
et supramoléculaires. En particulier, le chapitre 4 aborde la plupart des approches synthétiques qui ont été 
conçues pour obtenir des monomères de rotaxanes bistables [c2] sensibles à l'oxydoréduction, lesquels ont été 
utilisés pour la polymérisation et l'électrofilage de fibres. Ce dernier chapitre a été réalisé dans le cadre du projet 
collaboratif MAGNIFY FET-open, un consortium composé de l'Université de Groningen, de l'Université de 
Bologne, du Centre National de Recherche en Italie et de notre institution, le Centre National de la Recherche 
Scientifique. 
Mots clés : machines moléculaires synthétiques, rotaxanes [c2]bistables, polymères, chimie supramoléculaire, 
chimie organique synthétique. 

Abstract 

Actuating soft materials based on synthetic molecular machines has great potential to be part of a technological 
revolution addressing challenges in regenerative medicine, human-machine interfaces, robotics, among others. 
In this direction, several research groups, including ours, have invested significant efforts in coupling molecular 
machines with each other and their environment to extract their collective (nanometric) motion at higher length 
scales. However, to further advance these molecular machines and extract optimized macroscopic actuations, 
precise control over their spatial 3D organization over very long distances is required. This work describes three 
different approaches for synthesizing materials that translate the motion of their components into a macroscopic 
response. Chapter 1 is dedicated to the state of the art of [c2]daisy chain rotaxanes to provide context for the 
reader. Chapter 2 describes the synthetic pathway followed to obtain mechanically active mesophases using a 
liquid-crystalline [c2]daisy chain rotaxane. Chapters 3 and 4 are primarily focused on the design and synthesis 
of [c2]daisy chain rotaxane monomers for involvement in covalent and supramolecular polymerizations. In 
particular, Chapter 4 addresses most of the synthetic approaches that were developed to obtain redox-
responsive poly[c2]daisy chain rotaxane monomers, which were utilized for polymerization and subsequent 
electrospinning into fibres. The work presented in this final chapter was conducted within the framework of the 
MAGNIFY FET-open collaborative project, a consortium composed of the University of Groningen, the 
University of Bologna, the National Research Centre in Italy, and our institution, the Centre National de la 
Recherche Scientifique. 

Keywords: synthetic molecular machines, [c2]daisy chain rotaxanes, polymers, supramolecular chemistry, 
synthetic organic chemistry. 


