Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2015

Supporting Information

Synthesis of Linear [S]Catenanes via Olefin Metathesis Dimerization of Pseudorotaxanes

Composed of a [2]Catenane and a Secondary Ammonium Salt

Hajime Iwamoto,*'* Shinji Tafuku,™ Yoshihiko Sato,"™ Wataru Takizawa,®! Wataru Katagiri,

Eiji Tayama,™ Eietsu Hasegawa,” Yoshimasa Fukazawa,"” and Takeharu Haino'®.

“ Department of Chemistry, Graduate School of Science and Technology, Niigata University
2-8050 Ikarashi, Nishi-ku, Niigata 950-2181 (Japan)
iwamoto@chem.sc.niigata-u.ac.jp
® Department of Chemistry, Graduate School of Science, Hiroshima University
1-3-1 Kagamiyama, Higashi-Hiroshima 739-8526 (Japan)

SI-1



Table of contents

General Information

Experimental Sections

Synthesis of [2]Catenane 2.

Synthesis of [S]Catenane 1.

Synthesis of [5]Catenane 10.

Synthesis of [3]Catenane S1.

Scheme S1. Synthesis of [3]catenane S1.

Figure S1. 'H-NMR spectra (500 MHz, CDCls, 297 K) of [2]catenane 2
(1 mM) upon the addition of 4b (a, 0.0; b, 0.5; c, 1.0; d, 2.0; e, 4.0 mM).

'H- and "C-NMR spectra, and Mass spectra
Figure S2. "H-NMR spectrum of [2]catenane 2.

Figure S3. "C-NMR spectrum of [2]catenane 2.

Figure S4. High resolution (ESI") mass spectra of [2]catenane 2.

Figure S5. "H-NMR spectrum of [5]catenane 6.

Figure S6. °C-NMR spectrum of [5]catenane 6.

Figure S7. High resolution (ESI") mass spectra of [5]catenane 6.

Figure S8. "H-NMR spectrum of [5]catenane 1.

Figure S9. "C-NMR spectrum of [5]catenane 1.

Figure S10.
Figure S11.
Figure S12.
Figure S13.
Figure S14.
Figure S15.
Figure S16.
Figure S17.
Figure S18.
Figure S19.
Figure S20.
Figure S21.
Figure S22.

High resolution (ESI") mass spectra of [S]catenane 1.
'H-NMR spectrum of [2]catenane 8.

BC-NMR spectrum of [2]catenane 8.

High resolution (ESI") mass spectra of [2]catenane 8.
'H-NMR spectrum of [5]catenane 9.

BC-NMR spectrum of [5]catenane 9.

High resolution (ESI") mass spectra of [5]catenane 9.
'H-NMR spectrum of [5]catenane 10.

BC-NMR spectrum of [5]catenane 10.

High resolution (ESI") mass spectra of [S]catenane 10.

'H-NMR spectrum of [3]catenane S1.
BC-NMR spectrum of [3]catenane S1.

High resolution (ESI") mass spectra of [3]catenane S1.

SI-2

SI-3

SI-4
SI-4
SI-5
SI-7
SI-7

SI-8

SI1-9

SI-10
SI-11
SI-12
SI-13
SI-14
SI-15
SI-16
SI-17
SI-18
SI-19
SI-20
SI-21
SI-22
SI-23
SI-24
SI-25
SI-26
SI-27
SI-28
SI-29



General Information

Reactions were conducted in oven- or flame-dried glassware under an atmosphere of nitrogen or
argon, unless otherwise noted. All solvents were reagent grade. All chemicals were purchased from
commercial vendors, unless otherwise referenced. Dichloromethane was freshly distilled over P,Os.
Tetrahydrofuran (99.5%, anhydrous, inhibitor free) was purchased from Kanto Chemical Co.
Reactions were magnetically stirred unless otherwise stated. Analytical thin-layer chromatography
(TLC) was performed on aluminium sheets, precoated with silica gel 60-F254 (Merck 5554).
Column chromatography was performed using Silica gel 60N, spherical neutral from Kanto
Chemical Co. GPC was performed using a JAI LC-9201 equipped with JAIGEL 1H-40/2H-40
columns. Proton and carbon NMR spectra were recorded on a Varian System 700, and a
Varian-Mercury 300 NMR spectrometer at 700, and 300 MHz (‘"H NMR) and with a Varian System
700, a JEOL-ECA 600, and a Varian-Mercury 300 NMR spectrometer at 176, 151, and 75 MHz
(®C NMR). Chemical shifts are reported relative to chloroform (5 7.26) for 'H-NMR and
chloroform (8 77.16) for °C-NMR. Infrared spectra were recorded on a Jasco Model FT/IR-420
infrared spectrometer. High-resolution mass spectra (HRMS) were measured on an Exactive

Orbitrap mass spectrometer (Thermo Fisher Scientific).
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Experimental Sections

Synthesis of [2]catenane 2

[2]Catenane 2. To a stirred solution of BPP34C10 3 (3.22 g, 6 mmol) and 4a (408 mg, 0.6 mmol)
in CH,Cl, (degassed, 300 ml) was added Grubbs catalyst 1* generation (47 mg, 0.057 mmol). After
being stirred at 0 °C for 2 days, to the mixture was added Grubbs 1* catalyst (25 mg, 0.03 mmol)
again and it was stirred for 1 day. The mixture was evaporated in vacuo to give a residue for the
next step without further purification. To a solution of the residue in THF (150 ml) was added
Wilkinson's catalyst (56 mg, 0.06 mmol). After being stirred at 35 °C under 1 atm of H, for 3 days,
the solvent was removed. The residue was purified by column chromatography on silica gel with
1% methanol in CHCl; to yield 2 (373 mg, 52%) as a white amorphous solid. "H-NMR (700 MHz,
CDCl3) 6= 7.71 (br, 2H), 7.40 (d, J = 6 Hz, 4H), 7.32 (d, J = 6 Hz, 4H), 6.78 (s, 8H), 4.51 (s, 4H),
4.01 (br, 8H), 3.98 (br, 4H), 3.77 (m, 8H), 3.45 (t, J = 6 Hz, 4H), 3.42 (br, 8H), 1.59 (dd, 4H), 1.33
(dd, J = 8, 6 Hz, 4H), 1.16-2.26 (m, 24H); C-NMR (151 MHz, CDCl;): 8 = 152.83, 141.18,
130.06, 129.43, 128.29, 115.69, 72.26, 70.80, 70.66, 70.61, 70.24, 68.01, 52.22, 29.91,
29.73, 29.67, 29.57, 29.41, 29.37, 29.28, 26.49; IR (KBr): 2925, 2854, 1733, 1590, 1508, 1456,
1359, 1289, 1229, 1107, 955, 841; HRMS (ESI) m/z calcd for Ce;HosNO," [M—PFs |" 1044.6771,
found 1044.6746.

Synthesis of [S]catenane 1

[S]Catenane 6. To a stirred solution of [2]catenane 2 (353.6 mg, 0.30 mmol) and 4b (168.6 mg,
0.30 mmol) in CH,Cl, (degassed, 15 ml) was added Grubbs catalyst 1* generation (23.1 mg, 28.1
umol). After being refluxed for 22.5 h, the solvent was removed in vacuo. The residue was purified
on a silica gel chromatography (methanol/CHCIl; = 20%). Further purification by GPC (eluted with
CHCI;) gave [5]catenane 6 (62.0 mg, 12%) as a white amorphous powder. 'H-NMR (700 MHz,
CDCl3) 6=17.52 (brs, 4H), 7.42 (br s, 4H), 7.17 (m, 16H), 7.10 (m, 16H), 6.91 (s, 8H), 6.90 (s, 8H),
5.39 (m, 4H), 4.41 (s, 16H), 4.09 (s, 8H), 4.04 (s, 8H), 3.95 (br, 16H), 3.60 (br, 16H), 3.42 (m, 16H),
3.31 (br, 16H), 3.17 (br, 16H), 1.99 (8H, m), 1.58 (m, 16H), 1.42 (16H, m), 1.25 (m, 48H);
BC-NMR (176 MHz, CDCls): 152.2, 152.0, 140.7, 140.7, 130.4, 129.9, 129.8, 129.6, 115.6, 72.1,
72.0, 70.7, 70.6, 70.5, 70.5, 70.4, 70.2, 70.1, 67.1, 67.0, 52.4, 52.3, 32.4, 29.9, 29.8, 29.8, 29.6, 29.6,
29.5,29.3, 29.3, 29.2, 29.2; IR (KBr): 2929, 1720, 1585, 1507, 1456, 1358, 1288, 1243, 1090, 957,
852; HRMS (ESI) m/z calcd for C176HagoN4Oas* [M—4PF, 1*" 719.4756, found 719.4745.

[S]Catenane 1. To a solution of [S]catenane 6 (102.9 mg, 29.7 wmol) in THF (5.0 ml) was added
Wilkinson's catalyst (5.0 mg, 5.4 umol). After being stirred at 35 °C under 1 atm of H; for 17 h, the
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solvent was removed. The residue was purified by silica gel column chromatography
(methanol/CHCl; = 1:19) to give [S]catenane 1 (86.1 mg, 84%) as a white amorphous powder.
'H-NMR (700 MHz, CDCly) 6= 7.51 (s, 4H), 7.40 (s, 4H), 7.21-7.03 (m, 32H), 6.95-6.82 (m, 16H),
4.40 (d, J = 8 Hz, 16H), 4.08 (m, 8H), 4.04 (m, 8H), 3.95 (m, 16H), 3.59 (m, 16H), 3.46-3.34 (m,
16H), 3.31 (m, 16H), 3.17 (m, 16H), 1.62-1.53 (m, 16H), 1.39-1.08 (m, 90H); *C-NMR (176 MHz,
CDCl3): 6 = 152.26, 152.04, 140.71, 129.84, 129.80, 129.66, 127.98, 127.67, 115.66, 72.19, 72.07,
70.80, 70.74, 70.50, 70.46, 70.40, 70.18, 67.13, 67.02, 52.40, 29.87, 29.78, 29.66, 29.63, 29.57,
29.50, 29.38, 29.31, 29.25, 26.46, 26.30;; IR (KBr): 2929, 2856, 1586, 1508, 1456, 1358, 1291,
1090, 957, 849; HRMS (ESI) m/z calcd for C76H64N4O25"" [M—PFs 1" 720.4834, found 720.4810.

Synthesis of [S]catenane 10

[2]Catenane 8. To a solution of 2-(pyren-1-yl)acetic acid (181.5 mg, 0.70 mmol), EDCI*HCI
(182.4 mg, 0.95 mmol), and DMAP (78.7 mg, 0.64 mmol) in CH,Cl, (10 mL) was added
[2]catenane 2 (412.7 mg, 0.35 mmol) under nitrogen atmosphere at room temperature. After stirring
for 2 days, the reaction mixture was quenched with 1M HCI, and extracted with CH,Cl,. The
organic layer was washed with saturated aqueous NaHCOs, brine, and dried over anhydrous
Na,S0,. After removing Na,SO,4 by filtration, the solvent was concentrated in vacuo. The crude
product was purified by column chromatography on silica gel (30% ethyl acetate in CH,Cl,) to give
[2]catenane 8 (435.7 mg, 98%) as a pale yellow liquid. "H NMR (700MHz, CDCls): 8 =8.17 (d, J =
8 Hz, 1H), 8.16 (d, /= 8 Hz, 1H), 8.15 (d, /=9 Hz, 1H), 8.11 (d, /= 8 Hz, 1H), 8.09 (d, /=9 Hz,
1H), 8.04-8.02 (m, 2H), 7.99 (dd, J =8, 8 Hz, 1H), 7.91 (d, J= 8 Hz, 1H), 7.18 (d, J = 8 Hz, 2H),
7.17 (d, J = 8 Hz, 2H), 7.10 (d, J = 8 Hz, 2H), 6.96 (d, J = 8 Hz, 2H), 6.54 (s, 8H), 4.54 (s, 2H),
4.43 (s, 2H), 4.39 (s, 2H), 4.38 (s, 2H), 4.34 (s, 2H), 3.91-3.83 (m, 8H), 3.67-3.64 (m, 8H), 3.59—
3.53 (m, 16H), 3.41-3.34 (m, 4H), 1.57—1.46 (m, 4H), 1.27 (m, 4H), 1.20-1.01 (m, 24H); °C NMR
(75MHz, CDCl3) : 6 =171.81, 152.78, 138.18, 138.03, 136.30, 135.48, 131.36, 130.87, 130.56,
129.39, 129.37, 128.61, 128.14, 127.87, 127.74, 127.47, 127.43, 127.15, 126.49, 125.98, 125.22,
125.09, 124.98, 124.82, 123.25, 115.49, 72.49, 72.43, 70.80, 70.73, 70.68, 70.39, 70.34, 69.55,
68.00, 49.65, 47.81, 38.83, 30.14, 29.96, 29.84, 29.77, 29.70, 29.62, 29.41, 26.56, 26.48; IR (neat):
3044, 2924, 2853, 1650, 1507, 1455, 1413, 1353, 1231, 1105, 844 cm™; HRMS (ESI): m/z calcd for
CsoH104NO3" [M+H'] 1286.7502, found 1286.7462.

[S]Catenane 9. To a stirred solution of 8 (190 mg, 0.15mmol) and 4b (84 mg, 0.15 mmol) in
CH,Cl; (degassed, 7.5 ml) was added Grubbs 1st catalyst (12.3 mg, 10 mol%). After being refluxed
for 22.5 h, the solvent was removed in vacuo. The residue was purified by silica gel

chromatography (methanol/CHCI; = 20%). Further purification by GPC (eluted with CHCls) gave
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[5]catenane 9 (20 mg, 7%) as a pale yellow liquid. "H NMR (700 MHz, CDCl;) § = 8.16 (d, J = 8
Hz, 4H), 8.11 (d, J = 9 Hz, 2H), 8.09 (d, J = 7 Hz, 2H), 8.07 (d, J = 9 Hz, 2H), 8.03—7.96 (m, 6H),
7.89 (d, J = 8 Hz, 2H), 7.80 (br, 4H), 7.47 (d, J = 8 Hz, 4H), 7.43 (d, J = 8 Hz, 4H), 7.41 (d, /=8
Hz, 4H), 7.38 (d, J = 8 Hz, 4H), 7.20 (d, J = 8 Hz, 4H), 7.11 (d, J = 8 Hz, 4H), 7.01 (d, J = 8 Hz,
4H), 6.97 (d, J = 8 Hz, 4H), 6.70 (d, J =9 Hz, 8H), 6.59 (d, J = 9 Hz, 8H), 5.48-5.29 (m, 4H), 4.54
(s, 4H), 4.53 (s, 4H), 4.49 (s, 4H), 4.45 (s, 4H), 4.40 (s, 4H), 4.37 (s, 4H), 4.34 (s, 4H), 4.01-3.91
(m, 8H), 3.86-3.77 (m, 8H), 3.77-3.69 (m, 8H), 3.64 (m, 16H), 3.55-3.44 (m, 24H), 3.37-3.29 (m,
8H), 3.29-3.20 (m, 8H), 2.91-2.81 (m, 8H), 2.10-1.96 (m, 8H), 1.49—1.31 (m, 16H), 1.28-0.81 (m,
60H); C NMR (176 MHz, CDCl;) & = 171.97, 154.21, 151.89, 141.46, 141.41, 138.43, 138.17,
136.21, 135.58, 131.39, 130.86, 130.66, 130.47, 130.00, 129.92, 129.83, 129.45, 129.20, 128.98,
128.58, 128.45, 128.06, 128.01, 127.88, 127.55, 127.50, 127.31, 126.59, 126.14, 125.39, 125.21,
125.12, 125.01, 124.81, 123.22, 116.12, 115.67, 72.50, 72.05, 70.95, 70.91, 70.76, 70.64, 70.59,
70.45, 69.90, 69.54, 69.07, 67.64, 52.75, 50.00, 48.13, 38.95, 32.44, 32.22, 30.10, 29.93, 29.86,
29.73,29.71, 29.63, 29.51, 29.50, 29.48, 29.36, 29.24, 27.11, 26.72, 26.52, 26.47, 26.40, 26.29; IR
(CHCl3): 2928, 2857, 1641, 1508, 1455, 1357, 1236, 1102, 957, 846 cm™'; HRMS (ESI): m/z calcd
for C1,H,75N4030° " [M—2PFs 1** 1680.0170, found 1680.0154.

[S]Catenane 10. To a solution of [5]catenane 9 (54.9 mg, 15.0 wmol) in THF (5.0 ml) was added
Wilkinson's catalyst (4.8 mg, 5.2 umol). After being stirred at 35 °C under 1 atm of H, for 8 h, the
solvent was removed. The residue was purified by silica gel column chromatography
(methanol/CHCI; = 1:19) to give 12 (51.2 mg, 93%) as a pale yellow liquid. '"H-NMR (700 MHz,
CDCl3) 6=28.17 (d, J= 8 Hz, 2H), 8.16 (d, J = 8 Hz, 2H), 8.13 (d, J = 9 Hz, 2H), 8.09 (d, J = 8 Hz,
2H), 8.07 (d, J =9 Hz, 2H), 8.03 (d, J= 9 Hz, 2H), 8.00 (d, /=9 Hz, 2H), 8.00 (dd, J= 8, 8 Hz, 2H),
7.89 (d, J =8 Hz, 2H), 7.80 (br, 4H), 7.47 (d, J = 8 Hz, 4H), 7.43 (d, /= 8 Hz, 4H), 7.41 (d, J =8
Hz, 4H), 7.37 (d, J = 8 Hz, 4H), 7.18 (d, J = 8 Hz, 4H), 7.10 (d, J = 8 Hz, 4H), 7.00 (d, J = 8 Hz,
4H), 6.95 (d, J = 8 Hz, 4H), 6.70 (d, J =9 Hz, 8H), 6.59 (d, J =9 Hz, 8H), 4.55 (s, 4H), 4.54 (s, 4H),
4.50 (s, 4H), 4.46 (s, 4H), 4.39 (s, 4H), 4.37 (s, 4H), 4.34 (s, 4H), 3.99-3.91 (m, 8H), 3.85-3.78 (m,
8H), 3.77-3.71 (m, 8H), 3.69-3.64 (m, 8H), 3.64-3.59 (m, 8H), 3.53-3.44 (m, 24H), 3.36-3.30 (m,
8H), 3.30-3.23 (m, 8H), 2.94-2.85 (m, 8H), 1.63 (tt, J = 7.1, 7.1 Hz, 8H), 1.44-1.25 (m, 16H),
1.22-0.86 (m, 72H); *C-NMR (176 MHz, CDCls): 8 = 171.87, 154.28, 151.95, 141.58, 141.53,
138.47, 138.21, 136.29, 135.68, 131.46, 130.92, 130.70, 129.92, 129.82, 129.48, 129.25, 129.01,
128.66, 128.42, 128.08, 128.04, 128.00, 127.86, 127.54, 127.51, 127.33, 126.63, 126.15, 125.41,
125.22, 125.19, 125.03, 124.88, 123.26, 116.18, 115.76, 72.53, 72.08, 70.98, 70.68, 70.64, 70.50,
69.96, 69.59, 69.13, 67.70, 52.81, 50.03, 48.12, 39.03, 30.13, 29.96, 29.88, 29.77, 29.67, 29.51,
29.44, 26.55, 26.51, 26.25; IR (CHCl3): 2929, 2856, 1641, 1508, 1455, 1358, 1289, 1177, 1099,
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957, 848; HRMS (ESI) m/z calcd for Cp12Hag:N4O30° " [M—2PFs J** 1682.0326, found 1682.0309.

Synthesis of [3]catenane S1
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Scheme S1. Reagents and conditions: (a) [2]=[4a]=0.05M, CH,Cl,, Grubbs 1st. cat., CH,Cl,,14%.

[3]Catenane S1. To a stirred solution of [2]catenane 2 (60 mg, 0.05 mmol) and 4a (34 mg, 0.05
mmol) in CH,Cl, (degassed, 2.5 ml) was added Grubbs catalyst 1* generation (8.2 mg, 10.0 umol).
After being refluxed for 22.5 h, the solvent was removed in vacuo. The residue was purified by
silica gel chromatography (methanol/CHCI; = 20%). Further purification by GPC (eluted with
CHCI;) gave [3]catenane S1 (13 mg, 14%) as a white amorphous powder. 'H-NMR (300 MHz,
CDCl3) 6= 7.42 (s, 4H), 7.19 (d, J = 8 Hz, 8H), 7.12 (d, J = 8 Hz, 8H), 6.95 (s, 8H), 5.4-5.2 (m,
2H), 4.42 (s, 8H), 4.09 (m, 8H), 3.99 (m, 8H), 3.60 (m, 8H), 3.41 (m, 8H), 3.32 (m, 8H), 3.15 (m,
8H), 2.0-1.8 (m, 4H), 1.7-1.5 (m, 8H), 1.4-1.1 (m, 48H); "C-NMR (75 MHz, CDCl): 152.17,
140.77, 130.48, 129.88, 128.11, 127.95, 115.72, 77.58, 77.16, 76.74, 72.19, 70.75, 70.52, 67.03,
52.42, 32.46, 29.89, 29.67, 29.54, 29.40, 29.34, 29.26, 28.68, 26.48; HRMS (ESI) m/z calcd for
CosH146N2014> [M=2PF¢ 1** 775.5382, found 775.5357.
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Figure S1. "H-NMR spectra (500 MHz, CDCls, 297 K) of [2]catenane 2 (1 mM) upon the addition of 4b (a, 0.0; b, 0.5; ¢, 1.0; d, 2.0; e, 4.0 mM).
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Figure S2. 'H-NMR spectrum (700 MHz, CDCl;) of [2]catenane 2.
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Figure S3. "C-NMR spectrum (151 MHz, CDCls) of [2]catenane 2.

SI-10



miz

1044 6746 1044 6746
R=127252 R=12260
7=1 1005 b) z=1
. 90
954 803 10456783
3 E R=11898
90 g 703 =1
] g 60
85 < 503
] 2 403 1046 6825
803 I R=12251
E 4 30—: z=1
757 203 1047 6866
1 110408783 1042.0940 1044.0359 R=12720 10496993 10509512
70 104 R=20481 R=23339 z=1 R=18179
J 3 z=1 ) z=1
7 0
654
o 1 1005 c) 1044 6771
g 907
[ .| hu |
3 554 803
5 703 10456804
< 507 E
g ] 60—:
E 455 50—3
[oh] b |
“ 403 403
E S 1046 6838
354 203 '
E 103 1047 6871
304 ol I 104
253 1040 1044 1046 1048
7 miz
20
157 1133.7208
B R=11271
105 z=1
] 1207 6743
53 2612937 3550693 4290880 579.0813 6842004 8304139 966.3252 R=11343 1507 5019 17218469
B R=25721 R=22168 R=19586 R=18011 R=14747 R=14574 R=128393 7=1 R=38402 R=11740
] z=1 z=1 i | z=? =7
0 T T T IRRRAS| T T T T T T T T T
800 1000 1200 1600 1800
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Figure S5. '"H-NMR spectrum (700 MHz, CDCls) of [5]catenane 6.
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Figure $6. °C-NMR spectrum (176 MHz, CDCls) of [5]catenane 6.
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Figure S7. a) High resolution (ESI") mass spectrum of [S]catenane 6; b) experimental spectrum and c) calculated isotopic distribution of

C176H260N4025" [M—4PF 1"

miz

SI-14



O H 2N+ +N H2 2
% \ Q
(@) (o) 4PFg~ (o)
Y
1
o5 00 85 80 75 70 65 ‘ ‘ 0 a4 ‘ ‘ 30 25 20 15 10 0s 00

Figure S8. '"H-NMR spectrum (700 MHz, CDCls) of [5]catenane 1.
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Figure S9. "C-NMR spectrum (176 MHz, CDCls) of [5]catenane 1.
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Figure S10. a) High resolution (ESI") mass spectrum of [S]catenane 1; b) experimental spectrum and c) calculated isotopic distribution of
C176H26sN4025"" [M—4PF4 1"
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Figure S11. "H-NMR spectrum (700 MHz, CDCl;) of [2]catenane 8.
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Figure $12. >C-NMR spectrum (75 MHz, CDCls) of [2]catenane 8.
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Figure S13. a) High resolution (ESI") mass spectrum of [2]catenane 8; b) experimental spectrum and c) calculated isotopic distribution of
CsoH104NO13" [M+H].
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Figure S14. '"H-NMR spectrum (700 MHz, CDCl;) of [5]catenane 9.
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Figure S$15. >C-NMR spectrum (176 MHz, CDCls) of [5]catenane 9.
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Figure S16. a) High resolution (ESI") mass spectrum of [S]catenane 9; b) experimental spectrum and c) calculated isotopic distribution of

Ca12H27sN4030° " [M—2PF4 1*.
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Figure $17. '"H-NMR spectrum (700 MHz, CDCl;) of [5]catenane 10.
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Figure S18. >C-NMR spectrum (176 MHz, CDCls) of [5]catenane 10.

SI-25



a) R=39700
z=2
100+ 1683.0288
1 R=G700
] =
96—: 100 b 1682 5299 1683 5298
] 90 ) R=9600 R=9800
90_: . z=2 7=2
857 % 0 1684.0321
3 g 60 R=9800
804 2 5 1682.0309 i
3 2 w0 R 1684.5344
755 gf R=9800
] 30 =2
E 1685.0360
70 E * g’ 16800220 16805156 1688.5212
. 10 U R=9400  R=9500 R=9200
654 . =2z =2
3 507 100 16830360
§ 55—: 90 16625343
c 3
3 7 80 c) 16835377
< 903 70
£ 459 60
g ] 0 1684.0394
40 20 1682.0326 |
35_: 30
3 2 1684 5410
304 10 16850427
B o 16855444 16365477 16870482 16880515
254 1660 661 T es 663 T T ees T iess 667 " ess
3 6192493 miz
4279.0924 _
20 4 R=24300 R_1?1200 1598.0072
153 z=1 = 8945696 R=9700
1 [ R=13500 =2
10_: z=2 1307 7914 “xl 1797.0789
] 7673013 R=11100 R=9500
53 R=14400 720 \ 7=2 20551885 23259019 27742310  3063.0356 34277756 36466846 39432043
7 7=1 L l | IL L R=7900 R=6800 R=4200 R=3500 R=4700 R=3300 R=3900
3 " : =2 z=2 7=7 7=7 7=? z="? 7=7
0 ll““ u l f rh T '1‘ T IRanas naaRs T T T T T T T T T T T T T T T T T |
500 1000 1500 2000 2500 3000 3500 4000
miz

1683.0288

Figure S19. a) High resolution (ESI') mass spectrum of [S]catenane 10; b) experimental spectrum and c) calculated isotopic distribution of
Ca12H25oN4030”" [M—2PF *".
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Figure $20. 'H-NMR spectrum (300 MHz, CDCls) of [3]catenane S1.
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Figure S21. >C-NMR spectrum (75 MHz, CDCls) of [3]catenane S1.
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Figure S22. a) High resolution (ESI") mass spectrum of [3]catenane S1; b) experimental spectrum and c) calculated isotopic distribution of
CosH146N2014>" [M-2PFs 1>
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