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1. Synthesis

General. All reagents were purchased from commercial suppliers (Aldrich, Dkmchem
and J & K) and used without further purification. All solvents for syntheses were of
analytical grade (ACI Labscan and DUKSAN Pure Chemicals). MeCN, CHCI3; and
MeOH were distilled over CaH, before use. DN-OTs," DN-N3,> NDI-Br,® BP-OTs,*
Phen-CHO,> Phen-CC,*> 2-azidoethylamine® and cucurbit[6Jurii (CB[6]) were
synthesized according to literature procedures. Microwave-assisted reactions were
carried out using a Discover SP microwave synthesizer (CEM, USA) in the closed vessel
focused single. Thin layer chromatography (TLC) was performed on silica gel 60
F254 (Merck, Germany, aluminium sheet) and column chromatography was carried
out on silica gel 60F (Silicycle, Canada). HPLC analyses were carried out using a
Waters-Alliance e2695 system coupled to a 2489 UV-vis detector. ESIMS analyses
were carried out using a Waters-Acquity UPLC H-Class system coupled with a QDa
MS detector. NMR spectra were recorded on Bruker DPX spectrometers with
working frequencies of 400 MHz or 500 MHz for *H, and 100 MHz or 125 MHz for
13, respectively. Chemical shifts are reported in ppm and referenced to residual
solvent signals (for 'H: CcDCl;: 5 =7.26 ppm, DMSO: & = 2.50 ppm, D,0O: & = 4.79
ppm, CDsCN: & = 1.94 ppm; For 3C: CDCls: 5 = 77.16 ppm, DMSO: & = 39.52 ppm,
CD3CN: 6 = 118.26 ppm).
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A. Building block synthesis
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DN-CC. A mixture of propargylamine (550 mg, 10.0 mmol), K,CO3 (830 mg, 6.0
mmol) and Kl (33.0 mg, 0.2 mmol) in dried CH3CN (2 mL) was heated to reflux. A
solution of DN-OTs* (820 mg, 1.00 mmol, 10 mL) in the same solvent was added via
a syringe pump at 1 mL/h. Heating was continued overnight. The solvents were
removed using a rotary evaporator and the residue partitioned between CH,CI, (20
mL) and water (10 mL). The aqueous layer was extracted with CH,Cl, (2 x 20 mL).
The organic fractions were combined and washed with brine, dried over MgSOQOy,
concentrated and purified by column chromatography on silica (CH,Cl,/CH3OH/Et3N
120:3:0.5 to 120:5:0.5). A light brown oil was obtained. Yield = 311 mg, 55%. H
NMR (400 MHz, CDCI3 298 K) 6 = 7.85 (d, J = 8.0 Hz, 2H), 7.33 (t, J = 8.0 Hz, 2H),
6.83 (d, J = 8.0 Hz, 2H), 4.28 (t, J = 4.9 Hz, 4H), 3.99 (t, J = 4.9 Hz, 4H), 3.81-3.78
(m, 4H), 3.70-3.64 (m, 8H), 3.62-3.57 (m, 8H), 3.42 (d, J = 2.5 Hz, 4H), 2.84 (t, J =
5.2 Hz, 4H), 2.19 (t, J = 2.4 Hz, 2H). **C{*H} NMR (100 MHz, CDCl; 298 K) & =
154.4,126.9, 125.2, 114.7, 105.7, 82.2, 71.5, 71.1, 70.8, 70.7, 70.5, 70.4, 70.0, 68.0,
48.1, 38.3. ESI-MS: 587.6 [M+H]".
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NDI-CHO. A mixture of 4-hydroxylbenzaldehyde (32.0 mg, 0.3 mmol), K,CO3
(73.0 mg, 0.5 mmol), KI (5.0 mg, 0.03 mmol) and NDI-Br® (94.0 mg, 0.1 mmol) in
CHsCN (20 mL) was heated to reflux overnight. The solvents were removed using a
rotary evaporator and the residue partitioned between CH,Cl, (15 mL) and water
(15 mL). The aqueous layer was extracted with CH,Cl, (2 x 15 mL). The organic
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fractions were combined and washed with brine, dried over MgSO,4 and concentrated.
A pale yellow solid was obtained. Yield = 101 mg, 97%. *H NMR (500 MHz, CDCls,
298 K) & = 9.86 (s, 2H), 8.73 (s, 4H), 7.79 (d, J = 8.0 Hz, 4H), 6.99 (d, J = 8.0 Hz,
4H), 4.45 (t, J = 6.0 Hz, 4H) 4.18 (t, J = 5.9 Hz, 4H), 3.86-3.83 (m, 8H), 3.70 (t, J =
6.0 Hz, 4H), 3.66 (t, J = 6.1 Hz, 4H), 3.64-3.62 (m, 8H) “*C{*H} NMR (100 MHz,
CDCl3, 298 K) & = 190.8, 163.8, 162.8, 131.9, 130.9, 130.0, 126.6, 126.5, 114.8,
70.8, 70.6, 70.6, 70.1, 69.4, 67.7, 53.5, 39.6 ESI-MS: 849.5 [M+Na]".

NDI-N3. A mixture of NDI-CHO (500 mg, 0.6 mmol) and 2-azidoethylamine® (520 mg,
6.0 mmol) in dry CHCI3 (30 mL) was sonicated until a homogeneous solution was
formed. Then the reaction mixture was heated under microwave irradiation for 5 min
at 115 °C, and cooled to 0 °C in an ice bath. NaBH,4 (90.0 mg, 2.4 mmol) was added
in portions, followed by the addition of dry CH3OH (18 mL). The mixture was stirred
at 0 °C for 2 h. The solvents were removed using a rotary evaporator and the residue
partitioned between CH,Cl, (20 mL) and 2 M ag. NaOH (15 mL). The agueous layer
was extracted with CH,Cl, (2 x 15 mL) and the organic fractions were combined,
washed with brine, dried over MgSQO,, concentrated and purified by column
chromatography on silica (CH,CIl,/CH3OH/EtsN 95:5:1). A dark yellow oil was
obtained. Yield = 318 mg, 54%. *H NMR (500 MHz, CDCl;, 298 K) 5 = 8.73 (s, 4H),
7.20 (d, J = 8.0 Hz, 4H), 6.84 (d, J = 8.0 Hz, 4H), 4.45 (t, J = 6.0 Hz, 4H), 4.07 (t, J =
6.2 Hz, 4H), 3.85 (t, J = 5.8 Hz, 4H), 3.80 (t, J = 6.1 Hz, 4H), 3.73 (s, 4H), 3.70 (t, J =
5.3 Hz, 4H), 3.65-3.62 (m, 12H), 3.40 (t, J = 6.0 Hz, 4H), 2.81 (t, J = 6.4 Hz, 4H)
13C{*H} NMR (100 MHz, CDCl;, 298 K) & = 162.9, 157.9, 132.3, 131.0, 129.2, 126.7,
126.6, 114.6, 70.8, 70.6, 70.2, 69.7, 67.8, 67.4, 53.6, 53.0, 51.5, 47.9, 39.6 ESI-MS:
484.5 [M+2H]*".
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BP-N3. A mixture of 2-azidoethylamine® (860 mg, 10.0 mmol), K,COs (830 mg,
6.0 mmol) and Kl (83.0 mg, 0.5 mmol) in dry CH3CN (5 mL) was heated to reflux. A
solution of BP-OTs* (1.75 g, 2.0 mmol, 20 mL) in the same solvent was added over
2 h and heating was continued overnight. The solvents were removed using a rotary
evaporator and the residue partitioned between CH,Cl, (40 mL) and water (20 mL).
The aqueous layer was extracted with CH,Cl, (2 x 40 mL) and the organic fractions
were combined, washed with brine, dried over MgSQO,, concentrated and purified by
column chromatography on silica (CH,Cl,/CH3OH/EtzN 100:3:0.5 to 100:5:0.5). A
pale yellow oil was obtained. Yield = 1.02 g, 73%. *H NMR (100 MHz, CDCls, 298 K)
0 =7.56 (d, J =8.0 Hz, 4H), 7.41 (d, J = 8.0 Hz, 1H), 4.60 (s, 4H), 3.69-3.63 (m,
24H), 3.59 (t, J = 5.1 Hz, 4H), 3.42 (t, J = 5.9 Hz, 4H), 2.84-2.78 (m, 8H). “*C{*H}
NMR (100 MHz, CDCl3, 298 K) & = 140.4, 137.4, 128.4, 127.2, 73.1, 70.8, 70.8, 70.7,
70.7,70.5, 70.4, 69.6, 51.3, 49.1, 48.5. ESI-MS: 703.8 [M+H]"

BP-CC. A mixture of propagylamine (550 mg, 10.0 mmol), K,CO3 (830 mg, 6.0 mmol)
and Kl (83.0 mg, 0.5 mmol) in dry CH3CN (3 mL) was heated to reflux. A solution of
BP-OTs* (0.88 g, 1.0 mmol, 15 mL) in the same solvent was added over 2 h and
heating was continued overnight. The solvents were removed using a rotary
evaporator and the residue partitioned between CH,Cl, (30 mL) and water (15 mL).
The aqueous layer was extracted with CH,Cl, (2 x 40 mL) and the organic fractions
were combined, washed with brine, dried over MgSQO,, concentrated and purified by
column chromatography on silica (CH,Cl,/CH30OH/EtzN 100:3:0.5 to 100:5:0.5). A
light yellow oil was obtained. Yield = 390 mg, 61%."H NMR (400 MHz, CDCls, 298 K)
5 =7.56 (d, J = 8.3 Hz, 4H), 7.41 (d, J = 8.3 Hz, 4H), 4.60 (s, 4H), 3.71-3.60 (m,
32H), 3.45 (d, J = 2.5 Hz, 4H), 2.90-2.85 (t, J = 5.2 Hz, 4H), 2.21 (t, J = 2.4 Hz, 2H).
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3C{'H} NMR (125 MHz, CDCls 298 K) & = 140.1, 137.2, 128.1, 127.0, 81.7, 72.8,
71.7, 70.6, 70.5, 70.5, 70.4, 70.2, 70.1, 69.4, 47.8, 38.0. ESI-MS: 641.8 [M+H]"
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Phen-N3. A mixture of Phen-CHO® (800 mg, 1.8 mmol) and 2-azidoethylamine®
(620 mg, 7.1 mmol) in dry CHCI3/CH3;OH (v/v 3:1, 28 mL) was heated at 60 °C
overnight. The reaction mixture was cooled to room temperature and NaBH,4
(270 mg, 7.1 mmol) was added in portions and the mixture was heated to 60 °C
overnight. The solvents were removed using a rotary evaporator and the residue
partitioned between CH,Cl, (20 mL) and water (10 mL). The aqueous layer was
extracted with CH,Cl, (2 x 20 mL) and the organic fractions were combined and
washed with brine, dried over MgSQO,, concentrated and purified by column
chromatography on silica (CH2CIl,/CH3;OH/Et;N 99:1:0.5). A yellow-orange solid was
obtained. Yield = 650 mg, 62%. *H NMR (400 MHz, CDCls, 298 K) & = 8.20 (d, J =
8.3 Hz, 2H), 7.87 (d, J = 8.3 Hz, 2H), 7.70 (s, 2H), 7.22 (d, J = 8.4 Hz, 4H), 7.00 (d, J
= 8.4 Hz, 4H), 5.59 (s, 4H), 3.69 (s, 4H), 3.36 (t, J = 5.70 Hz, 4H), 2.74 (t, J = 5.0 Hz,
4H). BC{*H} NMR (100 MHz, CDCls, 298 K) & = 158.2, 157.5, 145.0, 137.0, 132.5,
129.3,128.1, 126.2, 120.8, 114.8, 71.3, 52.8, 51.3, 47.7. ESI-MS: 589.6 [M+H]".
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B. [3]Catenane synthesis
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Cat-1. A mixture of DN-N3? (33.0 mg, 0.05 mmol) and CB[6] (100 mg, 0.1 mmol) in
0.2 M HCI (40 mL) was heated at 70 °C for 2 h until a clear solution was obtained. A
solution of DN-CC (30.0 mg, 0.05 mmol, 40 mL) in the same solvent was added over
2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis showed
that ca. 85% of the materials in the product mixture corresponded to Cat-1.
Saturated aq. NH4PFs (5 mL) was added and the white precipitate was collected by
filtration, washed with water (3 x 5 mL) and dried in vacuum. Isolated yield = 131 mg,
69%. 'H NMR (400 MHz, (CD3),S0, 298 K) & = 7.73 (m, 4H), 7.71 (s, 4H), 7.37 (m,
4H), 7.15 (s, 4H), 6.98 (m, 4H), 6.40 (s, 2H), 5.56-5.36 (m, 48H), 4.28-4.25 (m, 40H),
3.93 (m, 4H), 3.90 (m, 16H), 3.69-3.60 (m, 32H), 3.42 (m, 4H). **C{*H} NMR (100
MHz, (CDj3),S0O, 298 K) 6 = 155.4, 155.4, 155.0, 153.9, 137.8, 125.9, 125.4, 120.6,
113.8, 106.0, 70.1, 69.9, 69.8, 69.0, 67.7, 65.5, 64.8, 50.6, 50.4, 47.8, 46.8, 46.1,
46.0, 41.5. ESI-MS: 808.5 [M+4H]*" 1077.3 [M+3H]**.
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Cat-2. A mixture of DN-CC (25.0 mg, 0.04 mmol) and CB[6] (80.0 mg, 0.08 mmol) in
0.2 M HCI (22 mL) was heated to 70 °C for 2 h until a clear solution was obtained. A
solution of NDI-N3 (41.0 mg, 0.04 mmol, 22 mL) in the same solvent was added over
2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis showed
that ca. 92% of the materials in the product mixture corresponded to Cat-2. Cat-2
was isolated from the crude mixture by preparative HPLC (see details below). The
mixture was concentrated to 2 mL and 0.2 mL of this solution was injected onto the
preparative column. Isolated yield = 10 mg, 65% *H NMR (500 MHz, D,O, 298 K) & =
8.57 (s, 4H), 7.75 (d, J = 5.0 Hz, 2H), 7.45 (d, J = 6.8 Hz, 4H), 7.41, (t, J = 5.0 Hz,
2H), 7.00 (d, J = 5.0 Hz, 2H), 6.71 (d, J = 6.8 Hz, 4H), 6.4 (s, 2H), 5.68 (d, J = 15.6
Hz, 12H), 5.55 (d, J = 15.5 Hz, 12H), 5.34 (s, 24H), 4.35-4.31 (m, 12H), 4.20-4.15
(m, 16H), 4.09—-4.06 (m, 24H), 3.88-3.84 (m, 20H), 3.80-3.79 (m, 4H), 3.73-3.72 (m,
4H), 3.65-3.60 (m, 20H), 3.54-3.53 (m, 4H). **C{*H} NMR (125 MHz, D,0, 298 K) &
= 169.5, 164.2, 158.6, 156.3, 156.1, 153.9, 138.9, 131.5, 131.2, 126.2, 124.4, 119.9,
114.9, 114.4, 106.9, 70.4, 70.1, 70.0, 69.8, 69.4, 68.9, 68.2, 67.5, 67.2, 65.3, 51.4,
51.3, 50.6, 48.4, 45.7, 45.0, 42.4, 39.7. ESI-MS: 887.6 [M+4H]* 1183.1 [M+3H]*".

S8



O=<NIN>=O
S 2 SRR
O%VO\)A”/\% ‘ '7%‘ 0

L 3
3 NSNS
OO 1.2 eq. CB[6], 70°C, 2 hrs " OO
H 2. 1 eq. BP-N3,70°C, overnight S
N :

DN-CC o = I =0
k/ o H, N=N H, O
l\/ O N N\)’\\?\/@

Cat-3, 85%

Cat-3. A mixture of DN-CC (25.0 mg, 0.04 mmol) and CB[6] (80.0 mg, 0.08 mmol) in
0.2 M HCI (22 mL) was heated to 70 °C for 2 h until a clear solution was obtained. A
solution of BP-N3 (30.0 mg, 0.04 mmol, 22 mL) in the same solvent was added over
2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis showed
that ca. 85% of the materials in the product mixture corresponded to Cat-3. Cat-3
was isolated from the crude mixture by preparative HPLC. The reaction mixture was
concentrated to 2 mL and 0.2 mL of this solution was injected onto the preparative
column. Isolated yield = 11mg, 75%. *H NMR (500 MHz, DO, 298 K) 5 = 7.90 (d, J =
5.0 Hz, 2H), 7.75 (d, J = 7.4 Hz, 4H), 7.54 (d, J = 7.4 Hz, 4H), 7.47 (t, J = 5.0 Hz, 2H),
7.08 (d, J = 5.0 Hz, 2H), 6.38 (s, 2H), 5.65 (d, J = 15.6 Hz, 12H), 5.55 (d, J = 15.5 Hz,
12H), 5.24 (s, 24H), 4.64 (s, 4H), 4.37—4.36 (m, 4H), 4.11-4.01 (m, 40H), 3.85-3.75
(m, 28H), 3.73-3.65 (m, 16H), 3.63-3.61 (m, 4H), 3.59-3.58 (m, 4H), 3.56-3.55 (m,
4H). Bc{*H} NMR (125 MHz, DO, 298 K) & = 156.1, 155.9, 154.0, 138.8, 138.7,
137.3, 129.3, 126.5, 126.2, 126.1, 119.8, 114.4, 106.8, 72.5, 70.0, 69.9, 69.8, 69.7,
69.6, 69.5, 69.4, 69.4, 69.2, 68.2, 65.8, 65.2, 51.3, 51.1, 48.3, 47.3, 45.7, 45.1, 42.2.
ESI-MS: 821.4 [M+4H]** 1095.0 [M+3H]**
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Cat-4. A mixture of BP-CC (28.0 mg, 0.04 mmol) and CB[6] (80.0 mg, 0.08 mmol) in
0.2 M HCI (22 mL) was heated to 70 °C for 2 h until a clear solution was obtained. A
solution of NDI-N3 (41.0 mg, 0.04 mmol, 22 mL) in the same solvent was added over
2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis showed
that ca. 93% of the materials in the product mixture corresponded to Cat-4. Cat-4
was isolated from the crude mixture by preparative HPLC. The reaction mixture was
concentrated to 2 mL and 0.1 mL of this solution was injected onto the preparative
column. Isolated yield = 6 mg, 74%. *H NMR (500 MHz, D,0, 298 K) & = 8.60 (s, 4H),
7.74 (d,J=7.5Hz, 4H), 7.52 (d, J = 7.5 Hz, 4H), 7.46 (d, J = 10.0 Hz, 4H), 6.72 (d, J
= 10.0 Hz, 4H), 6.44 (s, 2H), 5.69 (d, J = 15.6 Hz, 12H), 5.62 (d, J = 15.5 Hz, 12H),
5.39 (s, 24H), 4.63 (s, 4H), 4.35-4.34 (m, 4H), 4.21-4.17 (m, 28H), 4.13-4.11 (m,
8H), 3.73-3.71 (m, 20H), 3.67-3.63 (m, 40H), 3.62-3.61 (m, 4H), 3.31-3.30 (m, 4H).
13C{*H} NMR (125 MHz, D,0, 298 K) & = 156.7, 156.2, 156.0, 155.9, 155.5, 154.4,
131.9, 131.6, 131.1, 128.9, 128.3, 127.1, 126.5, 126.2, 111.1, 73.1, 72.6, 70.7, 70.4,
70.4, 69.7, 69.6, 69.3, 67.6, 67.3, 67.1, 65.7, 51.8, 51.5, 51.4, 51.1, 46.2, 46.0, 45.7,
39.9. ESI-MS: 901.4 [M+4H]** 1201.5 [M+3H]**
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Cat-5. A mixture of BP-N3 (21.0 mg, 0.03 mmol) and CB[6] (60.0 mg, 0.06 mmol) in
0.2 M HCI (25 mL) was heated to 70 °C for 2 h until a clear solution was obtained. A
solution of BP-CC (20.0 mg, 0.03 mmol, 25 mL) in the same solvent was added over
2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis showed
that ca. 89% of the materials in the product mixture corresponds to Cat-5. Cat-5 was
isolated from the crude mixture by preparative HPLC. The reaction mixture was
concentrated to 5 mL and 1 mL of this solution was injected onto the preparative
column. Isolated yield = 12 mg, 62%. *"H NMR (500 MHz, D;0, 298 K) & = 7.74 (d, J
= 8.0 Hz, 4H), 7.71 (d, J = 8.0 Hz, 4H), 7.53 (d, J = 8.0 Hz, 8H), 6.40 (s, 2H), 5.63 (d,
J =15.6 Hz, 12H), 5.59 (d, J = 15.5 Hz, 12H), 5.29 (s, 24H), 4.64 (s, 4H), 4.63 (s,
4H), 4.13 (d, J = 7.9 Hz, 12H), 4.10-4.06 (m, 24H), 4.00 (t, J = 5.0 Hz, 4H), 3.87—
3.84 (m, 4H), 3.83 (d, J = 5.4 Hz, 4H), 3.81-3.77 (m, 16H), 3.73 (t, J = 8.3 Hz, 28H),
3.65 (d, J = 6.3 Hz, 4H), 3.58 (t, J = 5.1 Hz, 4H), 3.52 (t, J = 5.1 Hz, 4H)."*C{*H}
NMR (125 MHz, D,0, 298 K) 6 = 156.2, 155.9, 138.9, 138.8, 137.4, 137.4, 129.3,
129.2, 126.6, 126.5, 119.9, 72.5, 72.5, 70.1, 70.0, 69.9, 69.8, 69.8, 69.7, 69.7, 69.6,
69.6, 69.5, 69.4, 65.8, 65.3, 61.0, 51.3, 51.1, 48.3, 47.3, 45.7, 45.1, 42.2. ESI-MS:
835.2 [M+4H]* 1113.4 [M+3H]**
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Cat-6. A mixture of BP-N3 (21.0 mg, 0.03 mmol) and CB[6] (60.0 mg, 0.06 mmol) in
0.2 M HCI (25 mL) was heated to 70 °C for 2 h until a clear solution was obtained. A
solution of Phen-CC® (16.0 mg, 0.03 mmol, 25 mL) in the same solvent was added
over 2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis
showed that ca. 88% of the materials in the product mixture corresponded to Cat-6.
Cat-6 was isolated from the crude mixture by preparative HPLC. The reaction
mixture was concentrated to 5 mL and 0.6 mL of this solution was injected onto the
preparative column. Isolated yield = 7 mg, 60%. *H NMR (500 MHz, D,O, 298 K) &
8.68 (s, 1H), 8.14 (d, J = 8.4 Hz, 2H), 8.07 (s, 2H), 7.74 (d, J = 8.1 Hz, 4H), 7.71 (d, J
= 8.5 Hz, 4H), 7.47 (d, J = 8.0 Hz, 4H), 7.29 (d, J = 8.4 Hz, 4H), 6.38 (s, 2H), 5.66 (d,
J = 15.5 Hz, 12H), 5.48 (d, J = 15.5 Hz, 12H), 5.32 (s, 24H), 4.58 (s, 4H), 4.37 (s,
4H), 4.17-4.11 (m, 24H), 4.04 (d, J = 15.5 Hz, 6H), 4.00 (d, J = 4.8 Hz, 2H), 3.81 (d,
J =5.5Hz, 2H), 3.78-3.76 (m, 4H), 3.71 (dd, J = 5.9, 2.7 Hz, 8H), 3.68 (d, J = 5.5 Hz,
8H), 3.57 (t, J = 5.1 Hz, 4H).*C{*H} NMR (125 MHz, D,0, 298 K) & = 163.0, 158.1,
156.1, 155.9, 140.5, 138.7, 137.2, 136.1, 132.5, 130.8, 129.3, 128.7, 126.6, 124.2,
120.0, 115.6, 72.5, 70.0, 69.8, 69.6, 69.6, 69.5, 69.4, 65.8, 51.9, 51.3, 51.0, 47.4,
46.5, 45.8, 45.2, 44.1, 42.0. ESI-MS: 806.5 [M+4H]*" 1075.0 [M+3H]**

S12



o)
\ B o)
CTANT L /E
(N\ Py N
SR T )
AN O
[ ﬂ %\/OV 1.2 eq. CB[6], 70°C, 2 hrs io (VR o]
\/ ~"o 4 ”\ 2.1 eq. DN-N3, 70°C, overnight ﬁ/ OJ
o) ' N
HEG-CC : O )
K/O H, s\wl;)tﬁ O\)OJ
é\‘ =N Nz\)
' N\ N @®
io N
g t{q,IN )=o

Cat-7, 89%

Cat-7. A mixture of HEG-CC (11.0 mg, 0.03 mmol) and CBJ[6] (62.0 mg, 0.06 mmol)
in 0.2 M HCI (16 mL) was heated to 70 °C for 2 h until a clear solution was obtained.
A solution of DN-N3? (20.0 mg, 0.03 mmol, 16 mL) in the same solvent was added
over 2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis
showed that ca. 89% of the materials in the product mixture corresponded to Cat-7.
Saturated ag. NH4PFs (5 mL) was added and the pale yellow precipitate was
collected by filtration, washed with water (3 x 5 mL) and dried in vacuum. Isolated
yield = 60 mg, 65%. *H NMR (500 MHz, CDsCN/D,O v/v 10:1, 298 K) & = 7.78 (m,
2H), 7.38 (m, 2H), 6.93 (m , 2H), 6.33 (s, 2H), 5.59-5.56 (m, 24H), 5.26-5.25 (m,
24H), 4.25 (m, 4H), 4.00-3.90 (m, 32H), 3.73-3.72 (m, 8H), 3.70-3.69 (m, 8H), 3.66-
3.59 (m, 16H), 3.57-3.43 (m, 20H), 3.39 (m, 4H) *C{*H} NMR (100 MHz,
CD3CN/D,O v/v 10:1, 298 K) 6 = 155.8, 154.4, 138.9, 125.9, 120.1, 114.3, 106.4,
70.4, 70.0, 70.0, 69.9, 69.8, 69.4, 68.0, 65.9, 65.4, 51.4, 51.2, 48.4, 47.4, 46.0, 42.4,
25.3, 20.5, 13.6. ESI-MS: 751.1 [M+4H]*" 1001.1 [M+3H]*".

S13



PN
: o
'- 041%
VN Nh%jﬁ,’ﬁ@ S
ONHEIN o
| o
oo 17 e
[o L 0_N_O
~ K %\/OV 1.2 eq. CB[6], 70°C, 2 hrs o OO
\/ ~"o 4 ﬁ/\\\ 2.1 eq. NDI-N3, 70°C, overnight EO Co
HEG-CC i 0" N0
! O#I’L 0
:, ®NH2 N\1¢NN HCZ) O\)O\)
! \ ,\") N o)
AN
Aatlge
PN SO
Cat-8, 91%

Cat-8. A mixture of HEG-CC (11.0 mg, 0.03 mmol) and CBJ[6] (62.0 mg, 0.06 mmol)
in 0.2 M HCI (16 mL) was heated to 70 °C for 2 h until a clear solution was obtained.
A solution of NDI-N3 (29.0 mg, 0.03 mmol, 16 mL) in the same solvent was added
over 2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis
showed that ca. 91% of the materials in the product mixture corresponded to Cat-8.
Saturated ag. NH4PFs (5 mL) was added and the pale yellow precipitate was
collected by filtration, washed with water (3 x 5 mL) and dried in vacuum. Isolated
yield = 66 mg, 64%. *H NMR (500 MHz, CD3sCN/D,0O v/v 10:1, 298 K) & = 8.63 (s,
4H), 7.56-7.53 (m, 4H), 6.87-6.85 (m , 4H), 6.39 (s, 2H), 5.66-5.59 (m, 24H), 5.33 (s,
24H), 4.40-4.27 (m, 4H), 4.28-4.27 (m, 4H), 4.09-4.02 (m, 40H), 3.77-3.72 (m, 8H),
3.68-3.52 (m, 24H), 3.49-3.45 (m, 16H) *C{*H} NMR (125 MHz, CD3;CN/D;O v/v
10:1, 298 K) & = 163.5, 159.0, 156.1, 155.8, 138.9, 131.6, 130.9, 126.5, 124.6, 114.8,
78.2, 70.0, 69.8, 69.8, 69.7, 69.6, 69.0, 67.2, 65.3, 65.1, 51.2, 51.1, 50.6, 48.2, 48.1,
45.6,45.2, 42.3, 39.5, 36.1. ESI-MS: 830.3 [M+4H]*" 1106.8 [M+3H]*".
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Cat-9, 92%

Cat-9. A mixture of HEG-CC (11.0 mg, 0.03 mmol) and CBJ[6] (62.0 mg, 0.06 mmol)
in 0.2 M HCI (16 mL) was heated to 70 °C for 2 h until a clear solution was obtained.
A solution of BP-N3 (21.0 mg, 0.03 mmol, 16 mL) in the same solvent was added
over 2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis
showed that ca. 92% of the materials in the product mixture corresponded to Cat-9.
Saturated ag. NH4PFs (5 mL) was added and the pale yellow precipitate was
collected by filtration, washed with water (3 x 5 mL) and dried in vacuum. Isolated
yield = 61 mg, 67%. *H NMR (500 MHz, CD3CN/D,O v/v 10:1, 298 K) & = 7.63 (m,
4H), 7.41 (m, 4H), 6.37 (s, 2H), 5.63-5.59 (m, 24H), 5.30 (s, 24H), 4.54 (s, 4H), 4.10-
4.00 (32H), 3.94-3.92 (m, 4H), 3.76-3.75 (m, 4H), 3.71-3.70 (m, 4H), 3.67-3.66 (m,
4H), 3.61-3.58 (m, 32H), 3.53 (m, 4H), 3.43 (m, 4H) *C{*H} NMR (125 MHz,
CD3CN/D,O viv 10:1, 298 K) 6 = 164.1, 156.1, 128.6, 126.8, 120.0, 72.2, 72.2, 69.9,
69.3, 69.2, 69.1, 65.7, 65.3, 65.1, 51.1, 48.3, 47.3, 47.1, 46.7, 46.0, 45.8, 45.2, 42.2,
36.4, 31.0. ESI-MS: 764.5 [M+4H]** 1018.7 [M+3H]*".
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Cat-10. A mixture of HEG-CC (11.0 mg, 0.03 mmol) and CB[6] (62.0 mg, 0.06 mmol)
in 0.2 M HCI (16 mL) was heated to 70 °C for 2 h until a clear solution was obtained.
A solution of Phen-N3 (16.0 mg, 0.03 mmol, 16 mL) in the same solvent was added
over 2 h and the reaction mixture was heated to 70 °C overnight. HPLC analysis
showed that ca. 85% of the materials in the product mixture corresponded to Cat-10.
Saturated aq. NH4PFs (5 mL) was added and the white precipitate was collected by
filtration, washed with water (3 x 5 mL) and dried in vacuum. Isolated yield = 54 mg,
59%. *H NMR (500 MHz, CD3sCN/D,0O v/v 10:1, 298 K) & = 8.49 (m, 2H), 7.94 (m,
4H), 7.64 (m, 4H), 7.17 (m, 4H), 6.39 (s, 2H), 5.63-5.58 (m, 24H), 5.32 (s, 24H), 4.45
(m, 4H), 4.12-4.07 (m, 24H), 3.78 (m, 4H), 3.68-3.60 (m, 24H), 3.45-3.43 (m, 4H)
13C{*H} NMR (125 MHz, CD3CN/D,0O v/v 10:1, 298 K) & = 158.7, 156.1, 155.8, 155.8,
155.7, 138.9, 138.7, 131.8, 128.6, 126.8, 125.3, 115.3, 78.0, 69.9, 69.7, 65.3, 65.1,
51.2, 51.1, 50.6, 46.1, 45.6, 45.2, 42.3, 36.1. ESI-MS: 735.5 [M+4H]4+ 980.3
[M+3H]*".
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C. [4]Catenane synthesis
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Cat-11, 50%
Cat-11. A mixture of BP-N3 (21.0 mg, 0.03 mmol) and B-CD (340 mg, 0.3 mmol) in
0.2 M HCI (25 mL) was heated to 70 °C for 15 min. CB[6] (65.0 mg, 0.06 mmol) was
then added and the reaction mixture was heated to 70 °C for 2 h. A solution of DN-
CC (19.0 mg, 0.03 mmol, 25 mL) in the same solvent was added over 2 h and
heating was continued overnight. HPLC analysis showed that ca. 30% and 60% of
the materials in the product mixture corresponded to Cat-3 and Cat-11, respectively.
Cat-11 was isolated from the crude mixture by preparative HPLC. The reaction
mixture was concentrated to 4 mL and 0.4 mL of this solution was injected onto the
preparative column. Isolated yield = 6 mg, 45%. *H NMR (500 MHz, D,0O, 298 K) &
7.92 (d, J =8.5 Hz, 2H), 7.61 (s, 4H), 7.53 (d, J = 8.0 Hz, 2H), 7.48 (s, 4H), 7.12 (d, J
= 7.7 Hz, 2H), 6.44 (s, 2H), 5.71 (dd, J = 15.6, 4.8 Hz, 12H), 5.65-5.56 (m, 12H),
5.38 (d, J = 7.0 Hz, 24H), 5.02 (s, 7H), 4.68 (s, 4H), 4.39 (s, 4H), 4.24-4.20 (m, 8H),
4.19-4.11 (m, 24H), 4.06-4.02 (m, 8H), 3.88-3.84 (m, 14H), 3.79-3.69 (m, 52H), 3.64-
3.56 (m, 24H), 3.52 (s, 8H). **C{*H} NMR (100 MHz, D,0, 298 K) & = 156.2, 156.1,
153.9, 139.8, 138.8, 137.2, 128.6, 126.4, 126.2, 119.8, 110.15, 102.0, 80.7, 73.3,
72.1,71.9,71.9, 70.1, 69.8, 69.7, 69.6, 69.5, 69.2, 68.4, 68.1, 65.7, 65.20, 59.6, 53.1,
51.4,51.2, 48.2, 47.2, 45.7, 45.1, 42.3. ESI-MS: 1105.5 [M+4H]** 1473.5 [M+3H]*'
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2. HPLC analysis

HPLC analyses were carried out using a Waters-Alliance e2695 system coupled to a
2489 UV-vis detector. HPLC grade H,O (Scharlau), MeCN (Arkonic Scientific) and
formic acid (Merck) were used as received. C18 SunFire preparative columns (5 uym,
10 x 250 mm or 10 ym, 4.6 x 250 mm) were used with gradient elution described
below. UV-vis absorbance was monitored at 380 nm for Cat-2, Cat-4 and Cat-8,
260 nm for Cat-3, Cat-5, Cat-9 and Cat-11, 310 nm for Cat-1 and Cat-7 and 280 nm
for Cat-6 and Cat-10, respectively.

Method 1 (flow rate = 0.6 mL/min)

time/min H,O (with 0.05% formic acid) MeCN (with 0.05% formic acid)
0 95% 5%
5 80% 20%
15 70% 30%
17 50% 50%
18 0% 100%
20 0% 100%

Method 2 (flow rate = 3 mL/min)

time/min H,O (with 0.05% formic acid) MeCN (with 0.05% formic acid)
0 85% 15%
3 85% 15%
10 76% 24%
13 4% 26%
18 65% 35%
22 35% 65%
25 0% 100%
30 0% 100%
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Method 3 (flow rate = 3 mL/min)

Time/min H,O (with 0.05% formic acid) MeCN (with 0.05% formic acid)
0 85% 15%
3 85% 15%
10 76% 24%
13 74% 26%
18 65% 35%
19 0% 100%
20 0% 100%

Method 4 (flow rate = 3 mL/min)

Time/min H,O (with 0.05% formic acid) MeCN (with 0.05% formic acid)
0 87% 13%
2 87% 13%
12 65% 35%
15 20% 80%
20 20% 80%

Method 5 (flow rate = 3 mL/min)

Time/min H,O (with 0.05% formic acid) MeCN (with 0.05% formic acid)
0 90% 10%
1 90% 10%
13 70% 30%
15 65% 35%
16 0% 100%
20 0% 100%

Method 6 (flow rate = 3 mL/min)

Time/min H,O (with 0.05% formic acid) MeCN (with 0.05% formic acid)
0 95% 5%
1 95% 5%
8 80% 20%
9 0% 100%
10 0% 100%




Method 7 (flow rate = 3 mL/min)

Time/min H,O (with 0.05% formic acid) MeCN (with 0.05% formic acid)
0 95% 5%
3 95% 5%
13 70% 30%
15 65% 35%
16 0% 100%
20 0% 100%
Cat-1

o VY AN

0 2 4 6 8 10 12 14 16 18 min

Figure S1. HPLC chromatogram of the crude product mixture of Cat-1. Separation was
achieved using Method 1.

Cat-2

|

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 min
Figure S2. HPLC chromatogram of the crude product mixture of Cat-2. Separation was
achieved using Method 2.
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Cat-3

0 2 4 6 8 10 12 14 16 18 min

Figure S3. HPLC chromatogram of the crude product mixture of Cat-3. Separation was
achieved using Method 3.

Cat-4

I | WY

0 2 4 6 8 10 12 14 16 18 min
Figure S4. HPLC chromatogram of the crude product mixture of Cat-4. Separation was
achieved using Method 3.

Cat-5

o

0 2 4 6 8 10 12 14 16 18  min

Figure S5. HPLC chromatogram of the crude product mixture of Cat-5. Separation was
achieved using Method 4.
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Cat-6

AN JL N

0 2 4 6 8 10 12 14 16 18  min
Figure S6. HPLC chromatogram of the crude product mixture of Cat-6. Separation was
achieved using Method 5.

Cat-7

VAN

0 1 2 3 4 5 6 7 8 9  min

Figure S7. HPLC chromatogram of the crude product mixture of Cat-7. Separation was
achieved using Method 6.

Cat-8

0 1 2 3 4 ) 6 7 8 9 min

Figure S8. HPLC chromatogram of the crude product mixture of Cat-8. Separation was
achieved using Method 6.
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Cat-9

.

0 1 2 3 4 5 6 7 8 9 min

Figure S9. HPLC chromatogram of the crude product mixture of Cat-9. Separation was
achieved using Method 6.

Cat-10

o~

0 1 2 3 4 5 6 7 8 9 min

Figure S10. HPLC chromatogram of the crude product mixture of Cat-10. Separation was
achieved using Method 6.

Cat-11
Cat-3
0 2 4 6 8 10 12 14 16 18 min

Figure S11. HPLC chromatogram of the crude product mixture of Cat-11. Separation was
achieved using Method 7.
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3. NMR

G904
L2812
188121
LP6LT
£vZ8'Z ]
12£8°2
¢068'¢ 1
ZPLYE ]
cozve §
£025€ 1

¥£85'E ]
¥965 miﬁ
8665'¢
6€19°€
mv%.m;
¥859'€ |

0929'¢ ]
£989'€ |
£669'¢
9182'¢\E

mvmh”mw

2gs08'c
8eL6'e
¥G86'¢€

cB866'E
aLLZ' v
e¥8e' ¥
1962 ¥
8€82'G —

8618'9~,
68€8'9 7
0zLe' L

mmmm.hW
lzse L

S1E8°2,
18682~

DN-CC

=10¢

=20l

Figure S12. *H NMR (400 MHz, CDCl,, 298 K) of DN-CC.
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Figure S13. *C{*H} NMR (100 MHz, CDCls, 298 K) of DN-CC.
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Figure S15. *C NMR (100 MHz, CDCls, 298 K) of NDI-CHO.
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Figure S16. *H NMR (500 MHz, CDCl,, 298 K) of NDI-N3.
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Figure S18. 'H NMR (500 MHz, CDCl,, 298 K) of BP-N3.
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Figure S19. *C{*H} NMR (125 MHz, CDCls, 298 K) of BP-N3.
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Figure S20. 'H NMR (500 MHz, CDCl,, 298 K) of BP-CC.
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Figure S22. *H NMR (400 MHz, CDCl,, 298 K) of Phen-N3.
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Figure S27. *C{*H} NMR (100 MHz, (CD3),SO, 298 K) of Cat-1.
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Figure S36. *C NMR (125 MHz, D,0, 298 K) of Cat-4.
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4. ESIMS

Mass spectrometry was performed on a Thermo Scientific LTQ FLEET mass
spectrometer or a Finnigan LCQ mass spectrometer. HR-ESIMS were carried out on
a Bruker ESI Quadrupole TOF mass spectrometer. MS? experiments were carried
out on a Thermo Scientific LTQ FLEET mass spectrometer. Isotopic patterns were

simulated using IsoPro, version 3.1.
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Figure S59. (a) ESI-MS spectrum of Cat-1, (b) HRMS of the peak at m/z = 808.3 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-1 upon fragmentation of the peak at
m/z = 808.3.
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Figure S60. (a) ESI-MS spectrum of Cat-2, (b) HRMS of the peak at m/z = 887.8 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-2 upon fragmentation of the peak at

m/z = 887.8.
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Figure S61. (a) ESI-MS spectrum of Cat-3, (b) HRMS of the peak at m/z = 821.9 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-3 upon fragmentation of the peak at
m/z = 821.9.
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Figure S62. (a) ESI-MS spectrum of Cat-4, (b) HRMS of the peak at m/z = 901.4 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-4 upon fragmentation of the peak at
m/z = 901.4.
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Figure S63. (a) ESI-MS spectrum of Cat-5, (b) HRMS of the peak at m/z = 835.5 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-5 upon fragmentation of the peak at

m/z = 835.5.
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Figure S64. (a) ESI-MS spectrum of Cat-6, (b) HRMS of the peak at m/z = 806.9 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-6 upon fragmentation of the peak at

m/z = 806.9
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Figure S65. (a) ESI-MS spectrum of Cat-7, (b) HRMS of the peak at m/z = 751.1 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-7 upon fragmentation of the peak at
m/z = 751.1.
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Figure S66. (a) ESI-MS spectrum of Cat-8, (b) HRMS of the peak at m/z = 830.3 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-8 upon fragmentation of the peak at

m/z = 830.3.
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Figure S67. (a) ESI-MS spectrum of Cat-9, (b) HRMS of the peak at m/z = 764.4 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-9 upon fragmentation of the peak at

m/z = 764.4.
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Figure S68. (a) ESI-MS spectrum of Cat-10, (b) HRMS of the peak at m/z = 735.8 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-10 upon fragmentation of the peak

at m/z = 735.8.
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Figure S69. (a) ESI-MS spectrum of Cat-11, (b) HRMS of the peak at m/z = 1105.5 (left:
experimental; right: simulation) (c) MS? spectrum of Cat-11 upon fragmentation of the peak
at m/z = 1105.5.
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5. UV-vis

UV-vis spectra were recorded using an Agilent Cary 60 UV-vis spectrophotometer.
The spectra were obtained in either water (for catenanes isolated as formate from
preparative HPLC) or CH3CN (for catenanes isolated as PFg salts).
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Figure S70. UV—vis spectrum of Cat-1.
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Figure S71. UV-vis spectrum of Cat-2.
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Figure S72. UV-vis spectrum of Cat-3.
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Figure S73. UV-vis spectrum of Cat-4.
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Figure S74. UV-vis spectrum of Cat-5.
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Figure S75. UV-vis spectrum of Cat-6.
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Figure S76. UV-vis spectrum of Cat-7.
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Figure S77. UV-vis spectrum of Cat-8.
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Figure S78. UV-vis spectrum of Cat-9.
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Figure S79. UV-vis spectrum of Cat-10.
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Figure S80. UV-vis spectrum of Cat-11.
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