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1. Materials and methods

All reagents, unless otherwise indicated, were obtained from commercial sources. Anhydrous
solvents (CH,Cl,, CH;OH, DMF, CH3CN) were obtained by 4 A molecular sieves activated under
500 °C for 6 hours. Melting points were determined using a Focus X-4 apparatus, and were not
corrected. Analytical thin-layer chromatography (TLC) was performed on Merck silicagel 60 F254
plates. 1-(3-Bromopropoxy)-3,5-dimethylbenzene,' 4-(2-azidoethoxy)benzaldehyde,” (4-(prop-2
-yn-1-yloxy)phenyl)methanamine,’ 4-(2-bromoethoxy)benzaldehyde® were synthesized according
to the literature procedures. All yields were given as isolated yields. NMR spectra were recorded
on a Bruker DPX 300 MHz or BRUKER AVANCE 600 MHz spectrometer with internal standard
tetramethylsilane (TMS) and solvent signals as internal references, and the chemical shifts ()
were expressed in ppm, and J values were given in Hz. 2D-ROESY, 2D-COSY, and HSQC
experiments were performed on a BRUKER AVANCE 600 MHz spectrometer. Standard
abbreviations indicating multiplicity were used as follows: s (singlet), br (broad), d (doublet), t
(triplet), q (quartet), m (multiplet). High-resolution mass spectra (HRMS) were recorded on a

Thermo Fisher Scientific Exactive'" spectrometer.

2. Synthesis of new compounds
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Scheme S1. Synthesis of 1.

Synthesis of 1. 1-(3-Bromopropoxy)-3,5-dimethylbenzene (5.40 g, 22.2 mmol) and 4-hydroxy-
benzonitrile (3.71 g, 31.3 mmol) were dissolved in 60 mL of dry acetonitrile. To this solution, 4.3
g (31.3 mmol ) of anhydrous potassium carbonate was added. The mixture was stirred at 90 °C for
twelve hours, then cooled to room temperature and filtrated. The filtered cake was washed with
100 mL of CH,Cl,. The filtrate was collected and concentrated, and redissolve in 200 mL of
CH,Cl,. The obtained solution was successively washed with sodium hydroxide solution (5 M,
100 mLx 3) and water (100 mLx 3). The organic phrase was separated and dried by anhydrous
MgSO,, and concentrated in vacuum to give compound 1 as white solid (5.68 g, 91%) without
further purification. M.p.: 70-71 °C; '"H NMR (300 MHz, CDCl3): 6 = 7.56 (d, J = 8.8 Hz, 2H),
6.94 (d, J = 8.9 Hz, 2H), 6.59 (s, 1H), 6.53 (s, 2H), 4.19 (t, J = 6.2 Hz, 2H), 4.11 (t, /= 5.9 Hz,
2H), 2.32-2.18 (m, 8H); *C NMR (75 MHz, CDCls): 6 =162.2, 158.8, 139.3, 134.0, 122.7, 119.3,
115.2, 112.2, 104.0, 64.9, 63.8, 29.2, 21.5; HRMS (APCI): m/z =282.1488 [M+H]" (calcd.
282.1494 for C;sH,0O,N).
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Scheme S2. Synthesis of 2.

Synthesis of 2. To a solution of 1 (5 g, 18 mmol) in dry THF (150 mL) was added LiAlH4 (2.4 g,
63 mmol) in parts with 3 minutes. After being stirred in room temperature for 6 h, the reaction
mixture was quenched with water cautiously, and then extracted with dichloromethane. The
organic layer was dried over anhydrous sodium sulfate. The solvent was evaporated off, and the
residue was purified by flash chromatography over silica gel (eluent: CH,Cl, :CH3;0H= 15:1) to
afford 2 (4.9 g) in 96 % yield as an off-white solid. M.p.: 47-48°C; 'H NMR (300 MHz, CDCl;):
0=7.19(d, J= 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 6.58 (s, 1H), 6.54 (s, 2H), 4.11 (td, J = 6.1,
3.4 Hz, 4H), 3.77 (s, 2H), 2.26 (s, 6H), 2.25-2.15 (m, 6H), 1.52 (br, 2H); *C NMR (75 MHz,
CDCl): 6 = 159.0, 157.9, 139.2, 135.7, 128.3, 122.5, 114.6, 112.3, 68.0, 64.6, 64.3, 46.0, 29.5,
25.7,21.5; HRMS (ESI): m/z =286.1801 [M+H]" (calcd. 286.1807 for C3H40,N).

1. 4-(2-azidoethoxy)benzaldehyde
H;OH

2 CH;0l O/\/\OO—\ /_@0/\/N3 Boc,0, CH,Cly OMO@_\ /—®o/\/N3
> —_—
2. NaBH, N N
H I
'

Boc

3 3

Scheme S3. Synthesis of 3.

Synthesis of 3. A solution of 2 (4.0 g, 14.1 mmol) and 4-(2-azidoethoxy)benzaldehyde (2.7 g, 14.1
mmol) in 100 mL of CH;0H was stirred at room temperature for 4 h, and then was added 2.7 g
(70 mmol) of NaBH, in small portions. After the reaction mixture was stirred for 3 h, water was
slowly added to quench the reaction, and the mixture was partitioned between water and CH,Cl,
(300 mL). The organic extract was washed with water (100 mLx3), and then dried over anhydrous
magnesium sulfate. The removal of the solvent afforded 3’ as a slight yellow oil, which could be
solidified upon standing. 'H NMR (300 MHz, CDCl3): 6 =7.25 (d, J = 6.9 Hz, 2H), 7.22 (d, J =
7.1 Hz, 2H), 6.88 (d, J = 2.5 Hz, 2H), 6.85 (d, J = 2.5 Hz, 2H), 6.58 (s, 1H), 6.54 (s, 2H),
4.17-4.09 (m, 6H), 3.71 (s, 4H), 3.57 (t, J = 5.0 Hz, 2H), 2.27 (s, 6H), 2.27-2.17 (m, 2H); “C
NMR (75 MHz, CDCl,): 6 = 158.9, 158.0, 157.3, 139.2, 133.3, 132.5, 129.4, 129.3, 128.6, 122.5,
114.7, 114.5, 114.4, 112.51, 112.3, 67.0, 64.6, 64.3, 52.5, 52.4, 50.2, 29.4, 21.5. Compound 3’ was
then dissolved in CH,Cl, (150 mL), and was added 2.4 g of Boc,0. After the solution was stirred
at room temperature for 12 h, the mixture was evaporated in vacuum, and the residues were
purified by silica gel chromatography (petroleum ether to petroleum ether : CH,Cl,= 1: 2) to give
compound 3 as colorless sticky oil (7.1 g) in a total yield of 90%. 'H NMR (300 MHz, CDCl;): ¢
= 7.12 (br, 4H), 6.88 (d, /= 2.1 Hz, 2H), 6.85 (d, J = 2.1 Hz, 2H), 6.58 (s, 1H), 6.54 (s, 2H), 4.31
(br, 2H), 4.25 (br, 2H), 4.18-4.08 (m, 6H), 3.56 (t, J = 5.0 Hz, 2H), 2.27 (s, 6H), 2.26-2.17 (m,
2H), 1.50 (s, 9H); *C NMR (75 MHz, CDCls): § = 159.0, 158.2, 157.5, 156.0, 139.2, 131.0, 130.1,
129.4, 128.9, 122.5, 114.9, 114.7, 114.6, 112.3, 80.0, 67.1, 64.6, 64.2, 53.5, 50.2, 29.4, 28.5, 21.5;
HRMS (ESI): m/z =583.2890 [M+Na]" (calcd. 583.2896 for C30H4OsN,Na).
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1. 4-(2-bromoethoxy)benzaldehyde.

" CH4OH ) Br
e B - oo OO
HN
H

N 2. NaBH,

4

Boc,0, CH,Cly /\/OO_\ /_@o/\/sr
Boc

4

Scheme S4. Synthesis of 4.

Synthesis of 4. The synthesis of 4 follows the similar procedure as that of compound 3. A solution
of (4-(prop-2-yn-1-yloxy)phenyl)methanamine (3.0 g, 18.78 mmol) and 4-(2-bromoethoxy)-
benzaldehyde (4.3 g, 18.78 mmol) in 100 mL of CH;0H was stirred at room temperature for 4 h.
Then, 2.7 g (5.0 equiv.) of NaBH, was added to reduce the Schiff base. After being stirred for 3 h,
water was added to quench the reaction, and the mixture was partitioned between water and
CH,Cl; (300 mL). The organic extract was washed with water (100 mLx3), and then dried. The
removal of the solvent gave 4’ as a slight yellow solid. '"H NMR (300 MHz, CDCls): 6 = 7.24 (d, J
= 8.6 Hz, 2H), 7.23 (d, J = 8.6 Hz, 2H), 6.91 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 4.64 (d,
J=2.4Hz, 2H), 4.23 (t,J= 6.2 Hz, 2H), 3.69 (s, 4H), 3.59 (t, /= 6.3 Hz, 2H), 2.51 (t,J=2.4 Hz,
1H), 1.93 (br, 1H); *C NMR (75 MHz, CDCly): 6 = 157.2, 156.7, 133.0, 132.9, 129.6, 129.5,
114.9, 114.7, 78.7, 75.6, 68.0, 55.9, 52.3, 29.3. After compound 4’ reacted with Boc,O in CH,Cl,
at room temperature for 12 h, the mixture was evaporated in vacuum, and the residues were
purified by silica gel chromatography (eluent: petroleum ether: CH,Cl, = 1: 2) to give compound
4 as colorless sticky oil (7.7 g, total yield of 87%). 'H NMR (300 MHz, CDCl;): 6 = 7.14 (br, 4H),
6.93 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 4.68 (d, J = 2.4 Hz, 2H), 4.41-4.17 (m, 6H),
3.63 (t,J = 6.3 Hz, 2H), 2.53 (t, J = 2.4 Hz, 1H), 1.50 (s, 8H); *C NMR (75 MHz, CDCls): § =
157.3,156.8, 155.9, 146.7, 131.1, 131.0, 114.9, 114.8, 85.2, 80.0, 78.6, 75.5, 68.0, 55.9, 29.1, 28.5;
HRMS (ESI): m/z =496.1094 [M+Na]" (calcd. 496.1099 for C»4H304NBrNa).
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Scheme SS. Synthesis of 5.

Synthesis of 5. To a solution of 3 (4.22 g, 7.5 mmol) and 4 (3.66 g, 7.5 mmol) in dry and degassed
DMF (80 mL) under an Ar atmosphere was added 280 mg (0.75 mmol) of Cul. After the solution
was stirred for 24 h at 40 °C, 1.0 g (15.0 mmol) of NaN; was added. And the mixture was then
heated to 75 °C for 12 h, cooled to room temperature, and concentrated in vacuo to remove most
of the solvent. The residues were subjected to ethyl acetate/H,0, washed with water (5x50 mL).
The organic layer was dried over anhydrous MgSQ,, and then concentrated in vacuo to give the
crude product, which was further purified by silica-gel column chromatography (CH,Cl,—
CH,Cl,/CH;0H = 70:1—CH,Cl,/CH3;OH = 30:1) to give 5 as a colorless oily solid (5.3 g, 71%).
'H NMR (300 MHz, CDCls): 6 = 7.83 (s, 1H), 7.12 (br, 8H), 6.95 (d, J = 8.6 Hz, 2H), 6.92-6.78
(m, 6H), 6.59 (s, 1H), 6.54 (s, 2H), 5.21 (s, 2H), 4.77 (t, J= 5.0 Hz, 2H), 4.36 (t, J = 5.0 Hz, 2H),
4.30 (br, 4H), 4.25 (br, 4H), 4.18-4.08 (m, 6H), 3.59 (t, J = 5.0 Hz, 2H), 2.27 (s, 6H), 2.26-2.19
(m, 2H), 1.49 (s, 9H), 1.49 (s, 9H); °C NMR (75 MHz, CDCl;): 6 = 159.0, 158.2, 157.6, 157.5,
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157.1, 155.9, 144.1, 139.1, 131.3, 130.9, 130.1, 129.3, 129.0, 124.1, 122.6, 114.9, 114.7, 114.6,
112.3, 79.9, 79.8, 67.1, 66.4, 64.5, 64.2, 62.0, 53.6, 50.1, 49.7, 48.4, 30.8, 29.4, 28.5, 28.5, 21.5;
HRMS (ESI): m/z =1019.5000 [M+Na]" (calcd. 1019.5007 for CssHssOoNgNa).

1. 4, Cu(l) N\/\/ /\/Ns
¢ 2 e O O O O O O
Boc

Scheme S6. Synthesis of 6.

Synthesis of 6. Adopting the modular synthesis strategy in which a Boc-protected amine segment
4 was attached, the synthesis of 6 was simply followed the condition as that of 5. The resulting
crude product was purified by silica-gel column chromatography (CH,Cl,/CH;0H = 60:1—
CH,Cl,/CH;OH = 30:1) to give 6 as white pumiceous solid (3.3 g, 73 %). M.p.: 76-78 °C; 'H
NMR (300 MHz, CDCl;): 6 = 7.84 (s, 2H), 7.12 (s, 12H), 6.95 (d, J = 7.6 Hz, 4H), 6.91-6.77 (m,
8H), 6.59 (s, 1H), 6.54 (s, 2H), 5.21 (s, 4H), 4.77 (t, J= 4.7 Hz, 4H), 4.36 (t, /= 4.9 Hz, 4H), 4.31
(br, 6H), 4.25 (br, 6H), 4.19-4.07 (m, 6H), 3.59 (t, J = 5.0 Hz, 2H), 2.27 (s, 6H), 2.26-2.18 (m,
2H), 1.49 (s, 27H); C NMR (75 MHz, CDCly): 6 = 158.9, 158.2, 157.6, 157.5, 157.5, 157.0, 157.0,
155.9, 155.9, 139.2, 131.4, 131.3, 130.9, 130.7, 130.7, 130.0, 129.4, 129.0, 122.5, 114.8, 114.6, 114.6,
114.5, 112.3, 80.04, 79.99, 67.0, 66.4, 64.5, 64.2, 62.0, 50.2, 49.9 48.4, 48.2, 29.4, 28.5, 21.5; HRMS
(ESI): m/z =1455.7103 [M+Na]" (calcd. 1455.7118 for CgoHosO 3N ;Na).
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Scheme S7. Synthesis of L1.

Synthesis of L1. Compound 6 (3.0 g, 2.0 mmol) was dissolved in 30 mL of mixed solvent of
CH,Cl,/CF3CO,H (v/v =4:1). The reaction mixture was stirred at room temperature for 0.5 h, and
then treated with saturated aqueous NaOH solution until a basic pH was reached. The mixture was
partion between CH,Cl, and water. The organic layer was collected and evaporated in vacuum to
give 7 as white solid in a yield of 95% (2.15 g). M.p.: 107-108 °C; 'H NMR (300 MHz, CDCl;): 6
=7.80 (s, 2H), 7.29-7.18 (m, 12H), 6.94 (d, J = 8.3 Hz, 4H), 6.87 (dd, J = 8.6, 3.8 Hz, 4H), 6.80
(d, J= 8.6 Hz, 4H), 6.58 (s, 1H), 6.54 (s, 2H), 5.19 (s, 4H), 4.73 (t, J = 4.9 Hz, 4H), 433 (t, J =
4.9 Hz, 4H), 4.18-4.08 (m, 6H), 3.73-3.67 (m, 12H), 3.57 (t, J = 5.0 Hz, 2H), 2.25 (s, 6H),
2.25-2.17 (m, 2H), 1.54 (br, 3H); *C NMR (75 MHz, CDCl;): = 158.9, 157.9, 157.3, 156.8,
144.4, 144.3, 139.2, 133.8, 133.7, 133.3, 133.2, 133.1, 132.5, 129.5, 129.40, 129.37, 129.3, 123.9,
122.5, 114.7, 114.5, 114.5 114.4, 112.3, 67.0, 66.4, 64.5, 64.2, 62.1, 52.5, 52.4, 52.3, 50.2, 49.9,
29.4, 21.5; HRMS (ESI): m/z =1133.5718 [M+H]" (caled. 1133.5725 for CesH730,N ;). Without
further purification, the obtained product was then dissolved in CH,Cl,, and added 0.5 mL of
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concentrated hydrochloric acid. After being stirred at room temperature for 3 h, the solvent was
evaporated to dryness under reduced pressure. The resulting solid was dispersed in acetone (100
mL), and excess saturated aqueous NH4PF¢ solution was added until a clear solution was obtained.
The mixture was stirred at room temperature for 3 h to complete the ion exchange. The acetone
was evaporated under reduced pressure to produce a precipitate. It was collected by filtration and
wash with deionized water, and then dried to give L1 as an white solid (2.74 g, 97% yield). M.p.:
117-119 °C; '"H NMR (300 MHz, acetone-dg): 6 = 8.20 (s, 2H), 7.57-7.40 (m, 12H), 7.10-6.93 (m,
12H), 6.53 (s, 3H), 5.54 (br, 6H), 5.13-5.15 (m, 4H), 4.83 (t, /= 4.8 Hz, 4H), 4.54-4.37 (m, 16H),
4.20 (t,J= 6.2 Hz, 2H), 4.16 (t, /= 6.2 Hz, 2H), 4.10 (t, J = 6.2 Hz, 2H), 3.62 (t, J = 5.1 Hz, 2H),
2.19 (s, 6H), 2.18-2.14 (m, 2H); *C NMR (75 MHz, acetone-ds): d = 160.8, 160.3, 160.0, 150.0,
144.4, 140.1, 132.6, 132.5, 132.4, 130.9, 126.9, 126.8, 126.6, 126.2, 125.9, 123.5, 116.3, 116.1,
116.1, 116.0, 113.4, 68.4, 67.8, 65.7, 65.1, 62.6, 52.4, 51.2, 50.6, 21.8; '"H NMR (600 MHz,
CD;CN:CDCls=1:1): 6 = 7.96 (s, 2H), 7.34 (td, J = 8.0, 7.2, 4.5 Hz, 12H), 7.03 (dd, J = 8.7, 2.4
Hz, 4H), 6.99-6.86 (m, 8H), 6.58 (s, 1H), 6.53 (s, 2H), 5.15 (s, 4H), 4.77 (t, J = 4.9 Hz, 3H), 4.40
(t, J=4.8 Hz, 4H), 4.21-4.02 (m, 18H), 3.72 (br, 6H), 3.64-3.59 (m, 2H), 2.25 (s, 6H), 2.23-2.17
(m, 2H); *C NMR (150 MHz, CDsCN:CDCls=1:1): 6 =160.0, 159.4, 159.4, 159.4, 159.1, 159.0,
143.2, 139.2, 131.8, 131.8, 131.7, 124.8, 123.5, 123.3, 123.1, 123.1, 123.0, 122.5, 122.4, 115.3, 115.1,
115.0, 112.3, 67.3, 66.5, 64.7, 64.1, 61.6, 51.0, 50.9, 50.8, 50.1, 49.7, 30.5, 29.2, 21.0; HRMS (ESI):
m/z =1425.5143 [M-PF4]" (calcd. 1425.5160 for CesH7sF ;N 1,04P,).

o g PPyl O oo NF
KOH, DMF, 70 °C
76% L2
Scheme S8. Synthesis of L2.

Synthesis of L2. 1-(3-Bromopropoxy)-3,5-dimethylbenzene (1.5 g, 6.2 mmol) and prop-2-yn-1-ol
(0.9 mL, 30 mmol) were dissolved in 30 mL of dry DMF. Then, KOH (1.68 g, 30 mmol) was
added, and the temperature was gradually raised to 70 °C. After being stirred for 8 h, the mixture
was subjected to H,O/ethyl acetate. The organic layer was washed with water for 5 times, and
further concentrated in vacuum to give the crude product as yellow oil. After purification by flash
silica gel chromatography (eluent: petroleum ether: CH,Cl, = 1: 1), product L2 (1.0 g, 76%) as
light yellow oil was obtained. "H NMR (300 MHz, CDCls): 6 = 6.55 (s, 1H), 6.51 (s, 2H), 4.10 (d,
J=2.2Hz, 2H),3.99 (t,J= 6.1 Hz, 2H), 3.66 (t, J = 6.1 Hz, 2H), 2.39 (d, J= 2.3 Hz, 1H), 2.26 (s,
6H), 2.08-1.95 (m, 2H); C NMR (75 MHz, CDCl3): = 159.1, 139.1, 122.5, 112.4, 80.0, 74.4,
66.8, 64.5, 58.3, 29.7, 21.5.; HRMS (ESI): m/z =241.1199 [M-PF¢]" (caled. 241.1204 for
Ci4H,50,Na).
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Scheme S9. Synthesis of L.
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Synthesis of L. Under Ar atmosphere, a drop of 2,6-lutidine and 50 mg (0.14 mmol) of
[Cu(CH;3CN)4]PF¢ were successively added to a solution of L1 (106 mg, 0.067 mmol) and L2 (45
mg, 0.20 mmol) in 20 mL of dry and degassed solvent of acetone/CH,Cl, (v/v = 1:1). The
resulting mixture was stirred overnight at room temperature for 18 h, and then washed with
EDTA-2Na 0.1 M (aq, 3 x15 mL), saturated NH4PF¢ (aq, 3 x 10 mL) and water (3 x 10 mL),
respectively. The organic layer was then separated, and the solvent was removed under reduced
pressure. The resulting residue was dispersed in 10 mL of petrol ether/EtOAc (v/v = 1:1 ), and
ultrasonically oscillated. The remaining solid was filtrated, and collected to give L1 as white solid
(111 mg, 93%). M.p.: 134-136 °C; '"H NMR (600 MHz, CD;CN/CDCl; = 1:1): 6 = 7.90 (s, 2H),
7.78 (s, 1H), 7.32-7.15 (m, 12H), 6.93 (d, J = 8.4 Hz, 4H), 6.86 (d, J = 8.4 Hz, 2H), 6.81 (d, J =
7.1 Hz, 6H), 6.61-6.55 (m, 2H), 6.53 (s, 2H), 6.50 (s, 2H), 5.13 (s, 4H), 4.73 (t, /= 4.9 Hz, 4H),
4.68 (t,J=4.7 Hz, 2H), 4.57 (s, 2H), 4.38-4.28 (m, 6H), 4.11 (q, /= 6.1 Hz, 4H), 3.98 (t, J=6.2
Hz, 2H), 3.73-3.60 (m, 14H), 2.37 (br, 6H), 2.25 (s, 12H), 2.22-2.15 (m, 2H), 2.02-1.96 (m, 2H);
C NMR (150 MHz, CD;CN/CDCl; = 1:1): § = 156.0, 159.3, 159.1, 144.9, 143.2, 139.3, 139.2,
131.8, 131.7, 124.9, 124.2, 123.6, 123.5, 123.5, 122.5, 122.4, 115.3, 115.1, 115.0, 112.3, 67.0,
66.5, 64.7, 64.6, 64.1, 63.9, 61.5, 51.0, 50.9, 50.8, 49.8, 49.6, 30.5, 29.6, 29.2, 21.1; HRMS (ESI):
m/z =1643.6463 [M-PFq]" (calcd. 1643.6467 for CoHosF1oN12,00P,); m/z = 749.3401 [M-2PF4]*
(caled. 749.3410 for CqoHosFgNi,00P); and m/z = 451.2387 [M-3PFe]’" (caled. 451.2391 for
C79H93N20p).

3. Synthesis of rotaxane 3in-[LoH], [P-H;3][6PFg]
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Scheme S10. Synthesis of 3in-[L.oH] and [P-H;][6PF].

Synthesis of 3in-[LoH]. L1 (312 mg, 0.20 mmol) and H (254 mg, 0.20 mmol) were dispersed in

dry CH,Cl, (50 mL). The mixture was ultrasonic oscillated, and violently stirred until a clear

solution was obtained. The solution was then stirred for another 18 h at room temperature to fully

form pseudorotaxane 3in-[LoH]. To the above solution was successively added L2 (131 mg, 0.60

mmol), a drop of lutidine and [Cu(CH3CN)4]PF¢ (71 mg, 0.20 mmol) under Ar atmosphere. After
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being stirred for two days, the reaction mixture was diluted with CH,Cl, (50 mL), and washed
with EDTA-2Na solution (aq, 0.1 M, 2x40 mL) and H,O (40 mL). The organic fraction was dried
over anhydrous MgSQy, and the solvent was removed under reduced pressure. The residue was
purified by silica gel chromatography (CH,Cl,/MeOH 50:1 — 30:1) to yield rotaxane 3in-[LoH]
(164 mg, 27%) as white power. M.p.: 182-183 °C; "H NMR (600 MHz, CD;CN/CDCl; = 1:1): 6 =
7.82-7.76 (m, 3H), 7.48-7.38 (br, 6H), 7.36 (d, J = 8.6 Hz, 2H), 7.31 (d, J = 8.7 Hz, 2H), 7.24 (d,
J= 8.0 Hz, 4H), 7.20 (d, J = 8.6 Hz, 2H), 7.09 (d, J = 8.7 Hz, 3H), 7.01-6.92 (m, 10H), 6.91-6.82
(m, 10H), 6.80-6.75 (m, 4H), 6.74-6.60 (m, 14H), 6.57 (s, 1H), 6.55 (s, 1H), 6.53 (s, 2H), 6.48 (s,
2H), 4.98 (s, 2H), 4.94 (s, 2H), 4.73-4.69 (m, 4H), 4.69—4.65 (m, 2H), 4.59 (s, 2H), 4.52 (dq, J =
22.8,10.6, 9.0 Hz, 12H), 4.35-4.29 (m, 2H), 4.29-4.12 (m, 21H), 4.12-3.90 (m, 31H), 3.89-3.76
(m, 11H), 3.76-3.61 (m, 34H), 3.61-3.53 (m, 13H), 3.52-3.27 (m, 24H), 2.30 (s, 6H), 2.25 (s, 6H),
2.23 (s, 6H); *C NMR (150 MHz, CD;CN/CDCl; = 1:1): § = 159.5, 159.03, 158.96, 158.8, 158.6,
158.6, 148.3, 148.0, 147.1, 146.9, 145.0, 144.7, 144.7, 143.5, 143.44, 143.36, 142.4, 142.1, 139.2,
139.1, 131.6, 131.5, 131.1, 131.0, 130.9, 129.9, 125.1, 124.9, 124.6, 124.6, 124.5, 124.4, 123.9,
123.8, 122.5, 122.3, 121.8, 121.7, 121.5, 121.4, 115.2, 114.8, 114.7, 114.6, 114.5, 114.4, 114.1,
113.8, 112.8, 112.3, 112.2, 112.2, 107.3, 107.2, 106.2, 72.0, 71.0, 70.8, 70.7, 70.64, 70.55, 70.52,
70.48, 70.3, 70.14, 70.06, 70.3, 70.0, 69.9, 69.8, 69.7, 69.2, 69.1, 68.7, 68.6, 68.5, 68.4, 68.3, 68.2,
68.14, 68.06, 67.9, 67.0, 66.6, 66.4, 64.5, 64.4, 64.2, 64.1, 64.0, 61.7, 61.5, 60.8, 51.9, 51.8, 51.7,
49.8, 49.5, 47.9, 29.7, 29.61, 29.58, 29.54, 29.49, 29.44, 29.40, 29.3, 29.2, 29.1, 27.1, 25.5, 22.6,
21.0; HRMS (ESI): m/z = 1446.1567 [M-2PF¢]*" calcd. 1446.1572 for CyssH;s0F¢N2033P); m/z =
915.7829 [M-3PF¢]*" (calcd. 915.7833 for CssH 50N ,033).

Synthesis of [P-H3][6PFg]: The solution of rotaxane 3in-[LoH] (80 mg, 0,025 mmol) in 10
mL of CH;3I/CH;CN (1:4, v/v) was stirred at 45 °C for two days in a sealed tube. After being
cooled to room temperature, the reaction mixture was diluted with CH,Cl, (30 mL), and then
washed with saturated aqueous NH4PF¢ (20 mLx3) and H,O (20 mLx3). The organic layer was
concentrated in vacuo to give the product [P-H;][6PF¢] as white powder (86 mg, 95%). M.p.:
182-183 °C; '"H NMR (600 MHz, CD;CN/CDCl; = 1:1): § = 8.44 (s, 2H), 8.41 (s, 1H), 7.57-7.45
(br, 6H) 7.42 (s, 2H), 7.39 (s, 3H), 7.37-7.34 (m, 2H), 7.32 (s, 1H), 7.28-7.22 (m, 4H), 7.19 (d, J
= 8.5 Hz, 2H), 7.05-6.89 (m, 12H), 6.88-6.79 (m, 8.3 Hz, 10H), 6.77 (d, J = 6.0 Hz, 3H),
6.75-6.62 (m, 10H), 6.57 (s, 2H), 6.54 (s, 2H), 6.48 (s, 2H), 5.16 (s, 2H), 5.10 (s, 2H), 4.91 (dt, J
=9.2,4.7 Hz, 6H), 4.74 (s, 2H), 4.70 (s, 2H), 4.58 (s, 6H), 4.49 (s, 4H), 4.35 (dd,J=11.6, 7.1 Hz,
6H), 4.30-4.16 (m, 18H), 4.13-3.90 (m, 28H), 3.83-3.77 (m, 6H), 3.77-3.70 (m, 8H), 3.69-3.58
(m, 18H), 3.58-3.47 (m, 8H), 3.47-3.33 (m, 12H), 3.33-3.22 (m, 5H), 2.29 (d, J = 7.8 Hz, 6H),
224 (d, J = 2.8 Hz, 13H), 2.20-2.10 (m, 2H), 2.07-2.00 (m, 2H); “C NMR (150 MHz,
CD;CN/CDCl; = 1:1): 0 = 159.5 158.9, 158.1, 157.6, 157.3, 147.9, 147.1, 146.8, 144.8, 143.5,
142.50, 142.4, 142.0, 140.9, 140.1, 139.2, 131.7, 131.2, 131.1, 130.9, 130.4, 130.1, 129.8, 125.9,
125.6, 125.0, 123.6, 122.4, 121.5, 121.4, 121.3, 115.2, 114.9, 114.8, 114.5, 114.4, 112.8, 112.2,
107.4, 107.3, 106.4, 71.1, 70.9, 70.8, 70.5, 70.5, 70.3, 70.0, 69.2, 68.7, 68.4, 68.1, 65.0, 64.8, 64.4,
64.04, 64.0, 60.1, 58.2, 53.5, 53.3, 51.6, 47.8, 38.6, 38.4, 29.5, 29.2, 29.1, 21.0; HRMS (ESI): m/z
=1686.1393 [M-2PF¢]*" (calcd. 1686.1387 for CyssH;0sF24N12033Ps); m/z = 1075.7709 [M-3PF4]*"
(caled. 1075.7709 for C;ssH193F1sN1,033P3); and m/z = 770.5862 [M—4PF6]4+ (caled. 770.5870 for
Cis8H108F12N12033P)).

S8



4. NMR characterization of the [2]rotaxane 3in-[LoH], [P-H;3][6PF¢] and [P-H;][6PF¢] upon

the addition of DBU
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Fig. S2. BC NMR spectrum (CDCI3/CD;CN=1:1, 150 MHz, 298 K) of [2]rotaxane 3in-[LoH].
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5. HRMS spectrum
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Fig. S16. HRMS spectrum of [2]rotaxane 3in-[LoH].
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6. NMR spectra for other new compounds
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Fig. S27. "H NMR spectrum (CDCl;, 300 MHz, 298 K) of compound 5.

S24



vavIz—
BPY'8Z
02562
0LY6T
b0’

8LEBP
9cL 6
621057,
Z9es”
99619
£8P
905 +9-
6299
£50°29”
Te0' LI
65121
988 227
0vE'6L ]
10662

LT
ZIG LA
9SO FLL T
Yog¥LL
€652T1
¥I0¥CL—
8€6°9T1~,
A AR
650°0¢))
86g°0cL]
£8T°1EL
9LL'6EL”
850"t

¥88°GG1
14 Fv.hm_n_”__,
1857451
0£9°LSL-f
GZZ°8GL
696851

N=N
O/\/N\/\/

|

30

LL
50

L]

() N
O< > o8
N
Boc
1
1
ll

\

Boc

20

40

10000~

S06eF Lo

150 140 130 120 110 100 90 80 70 60
Fig. $28. °C NMR spectrum (CDCls, 75 MHz, 298 K) of compound 5.

160

0861T)
121229
62£TT
nmmm.m#
s2LTTH
5115°€
6/85°C
9r09'e
1901
vazly
1981 ¥
gk 1 ¥
2851
10ST ¥
150€¥
SiPE
019
LIS
aYGL Y
100077
€08’

1902'G—

8E45'97
688591
¥908°9
8rc8'9 »
Glbg9 _f

Boc

o<> <>0/\/N3
N

N

Oy O

N:
Boc

=N

N

Boc

=90°Ler

r 617
X 1079

F 96')

- §9'9
12791

F oy

F 86'¢]

v 00
L o0’k
- 0¥'8
Lok
-08°ZH

F o6’}

7.0 6.5 6.0 35 50 45 4.0 3.5 3.0 2.5 20 15 1.0 05 0.0
S25

Fig. S29. "H NMR spectrum (CDCl;, 300 MHz, 298 K) of compound 6.

7.5

8.0



414 ¥4

0SB

¥6E 6

502°8Y
ey ep-L
8.8°6P T
08105
0E0°T9"
PeLre|
Ze5 9~
Z8€'99 7
8£0°29”
v89'9Ly
60122
1EG 1L
Z66°6L
0v0'08’

FIZ T
GZSPLL
£85¥11
9Z9¥LL
608'¥LLY
2167221
GP6'8ZL |
0/£°621
166621
159°0E 1
¥E2°0E L
198'0e )t
ere Ll ]
AR
$68°G5 11
GLB'GGL
666961
61072511
6EG /G
8557161t
¥31°851
806851

Boc

Boc

]
?
.
]

o

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

Fig. $30. °C NMR spectrum (CDCls, 75 MHz, 298 K) of compound 6.

€0000—

SEPSlL—

A LAAN
19922
0155

9/95°¢

Zree'e

Zl04'e

BLLLE

981/°¢1

0801+

851t
€611
8l _.Lk
20LE bt
Emm.ﬁ
SEre Y

9512 ¥,
SZeL b
Ggbs b
8E6 G
18E59;
P8G9
688/°9
6/18'9
25¥8'9
6/58'91
1€18'97
99889
06269
99569
8002 2+t
1912 LA

ENNSW

80£Z L]
SrT L]
BevZ L,
509 'L |
98642’

Fae

¥ 91’z
- 019

F 16’1
74t

anl

- 60'9
STy

=

r 6L
- 66'0
w 8Ty
- 60F
L [44 4
-€LCl

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 20 L5 1.0 0.5 0.0

8.0

Fig. S31. "H NMR spectrum (CDCl;, 300 MHz, 298 K) of compound 7.

S26



glsvle

cLiveT—

S6VE6
8202051
9rZE TG
SL0¥ZS T
e0.rTs’
9020297
LT Po-
YOVS P,
110997
0£z0°29’

51909/

19807 LL7
4806447

€6.2°¢C11
LELYFLL
LEL¥P YL
9025 ¥LL
8€CL vl
8cosccl
65/8°€C J
LogecH ﬁ
899¢6C1
SHOY'6CI
v18¥'6C 1
€5Lreet ,_k

LZBOEE L)
ZSPLEE |
Sloceel 7
Lvieel
£€984°¢C1/
8561°6¢ —..x
00ee il
YSSETPL

208/°9G1

V0L IS
CEV6 IS T
0/16'851°

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Fig. $32. C NMR spectrum (CDCls, 75 MHz, 298 K) of compound 7.

170

8866 11
€650
2 gAl
£291°2|
BLLLZ
BreL
1809°€]
6619
91E9°€
1980
1zl Y
9LLLY
govLY
€29l Y
BLLLY
5061 ¥/
20Tt
EPLT
oL
L
BISY P
002+t
98181
poE8 P
Lzrey
AR
15617
BEES G
159
97569
5v96'9
712691
1969
628691
P00 |
09207Z1
99€07/ |
Gv02
7850'1”
062
Z89Y L
26111/
183+
LL0g L

04618~

yzT

Ay

Il

@vav

3z

—

3PFg

s S0°C
! 91’9

b ez
hizz

FesLL

I 96°)

1.5

2.0

2.5

4.0 3.5 3.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5
Fig. S33. "H NMR spectrum (acetone-dg, 300 MHz, 298 K) of compound L1.

8.0

8.5

S27



9esl'le
PBEY'6C,
256962

0802 0¢]
299¥'0¢
€LCL0g]
18/6'0¢"

P05,
SHOT 1S
YOV 26

062929
1ELL'GOY
06129~
861197
£20+'89’

YZOPELL
£G/6GLL

L6F0°9LL

LOZL'9LL

129T9LL
8FSFET L
¥626'SZ 1 o
1081921
99/G°9Z 19
12289211

GEPE 9T L

LLI8OE I,
0L07ZE L~
818+2e
zosszel’

GGB00Y L

ccov vl —

SPBE'6S
YOP009 1,
SHE09L]
£ev8'091’

3PFg

L1

160 150 140 130 120 110 100 90 20 70 60 50 40 30 20
Fig. S34. BC NMR spectrum (acetone-dg, 75 MHz, 298 K) of compound L1.

170

000001
18v6'1|
8re6 L
6096}
0/96'}
1EL671
99 1°Z
5022
£8YZT
8/65°¢
9609°¢
2129°¢
H0ZL°E
0sv0¥
6.50%1t
2040%

£6/0F
0860F
£801LF
9551 ¥
£09L¥
6lLLL T
8Ly
668¢ T
BL0Y Y |
LI P
6251
Emh.w.__,_
9LLLY
161176
£125°0)|
044591
6568'0
9206'9
11169
G269
8Ke6'9
555601
09/6'91
0E10°L1
061072
8BS0 2
80¥0°2
oLEL
202eL]
16282
sLye L]
£05€L I
189877 |
09612
5096°2°

—

3PFg

L1

N

y 02T
- oLs

T
b ere
fezsl
E0Y

= 16'E

i 6L
L1670
[ oLg
L I6E
FS6LL

= 002

25 20 15 10 05 00
Fig. S35. "H NMR spectrum (CDCl;:CD;CN=1:1, 600 MHz, 298 K) of compound L1.

3.0

3.5

80 75 70 65 60 55 50 45 40

8.5

S28



or0'le—

82162
B8Y 05"

5EL6Y

[T1roG
18206}
82605
11606

895191
ZH P9y
1SL PO~
67997
59229

L0€TH
PrO'SLL
A4 13"
£1E€6LL
veveel
glsect
6¢0°€Cl
S60°¢Cl

mﬁrwnrJ_
mmm.ﬁ;
BGFETL
R A
ZZL1EIN
srL el
neel’
0bTEel—

SECerl—

$00°6511
880°6G1
2557661 W
0BE 651
1zrest’
620°091°

155 145 135 125 115 105 95 85 75 65 55 45 35 25 15
Fig. S36. BC NMR spectrum (CDCl;:CD;CN=1:1, 150 MHz, 298 K) of compound L1.

165

¥86°)
08002
€520 - )
18907 w Fm.F
88907/ v 58S
€LSTT r980
8eZ

ZI6ET

8929°¢,
LLG9E -— -og°L
€119

1PL6E
YHE6E]
g0
Y260t

9roL 't

188’L

L2

0 0/\%

LSO~ -|.|INI\ V8L
SPe5'97 ) ﬁoc._.

1.0 0.5 0.0

1.5

2.0

25

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

Fig. S37. "H NMR spectrum (CDCl3, 300 MHz, 298 K) of compound L2.

S29



86%' L —

€lLL'6e

06285

87579~
+28'99—
£eF Ly
10892
62T 1L
169°2L7
1y6'6L

6287CH—

Liveel

8€1'6Cl —

£80°6S1—

0/\/\0/\//

L2

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

170

Fig. S38. BC NMR spectrum (CDCl3, 75 MHz, 298 K) of compound L.2.

€616 17
BY56'L
0l96'L
v196'L
£HE6'1L
00002
9/91Z
62812
68612
ISLEZ
LoFEZ
£99€°1
0le9e
Yorg e
8799°€
86,91
1656°E
€5/6°€
6066°€
ZS80'F
S004F
oLy
PLELH
B80EF1
LIZE T
9zEE T
ol
095E P
8LIG P~
5199
Z089'F
9269
geLL T
z9zL Y]
£8EL P
leels’
£66+'91
60259
659591
91/59 #
P08'9,
£228°97,
814897
68989
Smm.@.,_\

SHP6'9"
08022
S5LT L ,.
1922 1)
€0/1°0
z106°2’

¥ 0T¢C

_ " se'z
~Z6CL

— oo

58l
(A
0z
ne
e
L oLy
'66LL

| bk b

B2

= 180

7.5 70 635 60 55 50 45 40 35 3.0 25 2.0 L5 1.0 05 0.0

8.0

Fig. S39. "H NMR spectrum (CDCl;:CD;CN=1:1, 600 MHz, 298 K) of compound L.

S30



@ e ~garedeggounen
D O 0 0N D —ONDOFN AN~ NGO 28ILRRISRIREILY —owMm I~
DN ONNN OO DORdNFT =00 DOIT NN ODODO = —@wW O
QDD IggE soSgdyggyessa NOOOQ <M~ — 03~ O nmn— o
[Ty QT RTy] F AN OONNNYNNN——— — oo%-r-—h—cogggmx—cocmm Qo P
B LA LA R R R R S Kh~M~w©o 6 © Dm0 F AN N
~ S = e - —, T —— — - ~ b
N=N N
N= 3PFy N:)\/o C < > O/\/N\)\/O\/\/O
N -+
PN AN o ‘/_@O N
o o . o N N,
N
H, R

70 160 150 140 130 120 110 100 90 $0 70 60 S0 40 30 20 10
Fig. S40. BC NMR spectrum (CDCl;:CD;CN=1:1, 150 MHz, 298 K) of compound L.

7. References

H.-F. Chow, Z.-Y. Wang and Y.-F. Lau, Tetrahedron, 1998, 54, 13813-13824.

X. Zhang, Y. Xiao and X. Qian, Org. Lett., 2008, 10, 29-32.

Z.]. Zhang, H. Y. Zhang, H. Wang and Y. Liu, Angew. Chem. Int. Ed., 2011, 50, 10834-10838.
T. Liu, X. Geng, Y. Nie, R. Chen, Y. Meng and X. Li, RSC 4dv., 2014, 4, 30250-30258.

S

S31



