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1. General Information

Chemicals were purchased from Adamas-beta®, Aldrich or TCI and used as
received unless otherwise stated. Solvents were reagent grade, which were dried and
distilled prior to use according to standard procedures. All reactions were carried out
under an atmosphere of dry nitrogen unless otherwise stated. The molecular structures
were confirmed using 'H NMR, 3C NMR, and high resolution ESI mass spectroscopy.
NMR experiments (‘H NMR, 3C NMR and NOESY spectra) were measured on a
Briiker AV-400 spectrometer ('H, 400 MHz; '3C, 100 MHz). The electronic spray
ionization (ESI) mass spectra were tested on a LCT Premier XE mass spectrometer.
Compound 8 has been synthesized according to the procedure described by S. J.
Cantrill, G. J. Youn, J. F. Stoddart3! as a white solid. Compound 7 was synthesized

according to our previously published methods.>?

2. Synthesis

Preparation of 1: (2-Formyl)dibenzo[24]crown-8 8 (1.0 g, 2.1 mmol) and
compound 7 (0.48 g, 2.5 mmol) were dissolved in dry methanol (30 mL) and the
mixture was heated under reflux in an argon atmosphere for 30 hours. After cooling,
NaBH, (0.40 g, 10.5 mmol) was added by portions at 0 °C. The mixture was stirred at
room temperature for 5 h; then, 20 ml water was added to the mixture slowly to quench
the reaction, Methanol was evaporated, and the residue was extracted with CH,Cl, (3
x 20mL). The combined organic phase was washed with H,O (2 x 20mL). The organic
layer was dried over Na,SO,4 and concentrated under reduced pressure. The residue was
diluted with acetone (50 mL) and HCI (2 mL) was added. The mixture was stirred for
1h and concentrated under reduced pressure to give a colourless oil, the residue was
dissolved in acetone (8 mL) quickly and cooled at 0 °C, yielding a white precipitate
slowly. The precipitate was collected and washed with acetone (5 mL). To a solution
of the previous solid in water (50 mL) was added methanol dropwise until all the solid
was dissolved, another 5 ml of methanol was added. Then, saturated aqueous NH4PF¢

solution (10 mL) was added, a white precipitate appeared quickly, the mixture was



stirred vigorously for 20 min. The reaction mixture was filtered, the precipitate was
collected and washed with H,O to give the product 1 (1.32g, 78%) as a white powder.
'H NMR (400 MHz, DMSO, 298 K): 3 8.96, (s, 2H), 7.39 (d, J = 8.8 Hz, 2H), 7.09 (s,
1H), 7.03-6.97 (m, 4H), 6.96-6.91 (m, 2H), 6.90-6.85 (m, 2H). 4.21 (d, J=2.4 Hz, 2H),
4.15-4.11 (m, 2H), 4.10-4.00 (m, 12H), 3.82-3.73 (m, 10H), 3.66 (d, J = 2.8 Hz, 8H),
3.48 (t,J=2.4 Hz, 1H). 3C NMR (100 MHz, DMSO, 298 K): 5 158.90, 148.90, 148.41,
148.17, 131.54, 124.16, 123.74, 122.95, 121.13, 115.38, 114.53, 113.99, 113.95,
113.43, 80.14, 77.33, 70.43, 70.40, 69.14, 69.02, 68.81, 68.72, 68.65, 67.62, 66.89,
57.59, 49.67, 49.31. HRMS (ESI) (m/z): [M - PF¢]" calcd for C57;H4sNO; 666.3278,
found 666.3275.

One-Pot Synthesis of Hetero[4]rotaxane 5: In a typical procedure, to a
solution of compound 1 (500 mg, 0.62 mmol), compound 2 (280 mg, 0.74 mmol)
and B21C7 (329 mg, 0.93 mmol) in CH,Cl,/CH;CN (10.0 mL/10.0 mL),
Cu(CH;CN)4PF¢ (347 mg, 0.93 mmol) was added. The mixture was stirred at
room temperature protected by argon atmosphere for 3 days. Then, 20.0 mL
CH,Cl, was added, the mixture was washed with brine (3 < 20 mL), and dried
over Na,SO,4. After removal of the solvent, the crude product was purified by
chromatography on a silica gel column (CH,Cl,/Methanol = 100/1) to give
hetero[4]rotaxane 5 (495 mg, 52%) as a white solid. 'H NMR (400 MHz,
CD;CN, 298 K): 6 7.72 (s, 2H), 7.55 (s, 4H), 7.47 (d, J = 8.8 Hz, 4H), 7.40-7.33
(m, 10H), 7.30 (s, 2H), 7.09 (s, 2H), 7.00-6.90 (m, 13H), 6.88 (d, J = 8.4 Hz,
~0.5H), 6.86-6.74 (m, ~10.5H), 6.40 (d, J = 8.4 Hz, ~1.5H), 6.15 (s, ~0.5H),
4.78-4.49 (m, 12H), 4.39-4.33 (m, 4H), 4.31-4.08 (m, 24H), 4.07-3.42 (m, 80H),
3.39-3.32 (m, 8H), 1.82-1.74 (m, 4H), 1.56-1.47 (m, 4H), 1.33-1.26 (m, 4H),
1.23-1.14 (m, 4H). 13C NMR (100 MHz, CD3;CN, 298 K): 6 160.41, 148.77,
147.92, 147.30, 147.08, 133.91, 131.78, 131.71, 131.17, 131.07, 130.10, 130.04,
129.72, 125.89, 125.48, 123.74, 122.25, 121.77, 115.79, 114.40, 112.98, 112.92,
112.89, 72.76, 72.61, 72.14, 71.99, 71.60, 71.43, 71.37, 70.78, 70.64, 69.47,
69.23, 68.74, 68.48, 68.36, 68.12, 64.90, 53.03, 52.68, 51.73, 50.89, 47.90,
30.62, 27.04, 26.98, 26.52, 23.21. HRMS (ESI) (m/z): [M - 2PF¢]*" calcd for



C136H194F 15N 10O34P»/2 1401.1538, found 1401.1543; [M - 3PF¢]** calcd for
Ci36H194FgN0O34P/3 885.7811, found 885.7819; [M - 4PF¢]*" caled for
C136H194N10034/4 628.0948, found 628.0955.

Preparation of 9: A mixture of compound 1 (1.00 g, 1.23 mmol), di-tert-butyl
dicarbonate (1.34 g, 6.15 mmol), and triethylamine (1.0 mL) was stirred in dry CH,Cl,
(30.0 mL) at room temperature under argon for 12 h. Then, the mixture was washed
with brine (3 x 20 mL), and dried over Na,SO,. After removal of the solvent, the crude
product was purified by chromatography on a silica gel column (CH,Cl,/Methanol =
100/1) to give compound 9 (887 mg, 94%) as a white solid. 'H NMR (400 MHz,
CD;CN, 298 K): 6 7.15 (d, /= 8.0 Hz, 2H), 6.95-6.84 (m, 7TH), 6.74 (d, J = 8.0 Hz, 2H),
4.26 (s, 4H), 4.21 (d, J= 2.4 Hz, 2H), 4.12-4.06 (m, 8H), 4.04-4.00 (m, 2H), 3.82-3.75
(m, 10H), 3.70-3.64 (m, 8H), 2.73 (t, J = 2.4 Hz, 1H), 1.44 (s, 9H). 3C NMR (100
MHz, CD;CN, 298 K): 6 158.95, 156.60, 149.80, 149.69, 148.82, 131.83, 130.07,
122.30,121.38,115.35,115.01, 114.79, 80.76, 80.39, 75.90, 71.56, 70.47, 70.39, 69.88,
69.74, 69.68, 69.11, 68.14, 58.84, 28.64. HRMS (ESI) (m/z): [M + Na]" calcd for
C4HssNO,Na 788.3622, found 788.3621.

Preparation of 10: To a solution of compound 9 (200 mg, 0.26 mmol), compound
2 (148 mg, 0.39 mmol) and B21C7 (185 mg, 0.52 mmol) in dry CH,ClI, (10.0 mL),
Cu(CH;CN)4PF¢ (194 mg, 0.52 mmol) was added. The mixture was stirred at room
temperature in a argon atmosphere for 3 days. Then, 20.0 mL CH,Cl, was added, the
mixture was washed with brine (3 X 20 mL), and dried over Na,SO,. After removal of
the solvent, the crude product was purified by chromatography on a silica gel column
(CH,Cly/methanol = 100/1) to give compound 10 (278 mg, 71%) as a white solid. 'H
NMR (400 MHz, CD;CN, 298 K): 6 7.74 (s, 1H), 7.55 (s, 2H), 7.40-7.33 (m, SH), 7.17
(d, J=8.4 Hz, 2H), 7.14-7.10 (m, 2H), 7.08-7.02 (m, 3H), 6.99-6.84 (m, 8H), 4.60 (s,
2H), 4.39-4.14 (m, 20H), 4.11-4.07 (m, 2H), 3.88-3.80 (m, 4H), 3.79-3.70 (m, 10H),
3.68-3.49 (m, 18H), 3.47-3.39 (m, 4H), 3.38-3.32 (m, 4H), 1.82-1.74 (m, 2H), 1.56-
1.48 (m, 2H), 1.46 (s, 9H), 1.33-1.26 (m, 2H), 1.23-1.14 (m, 2H). 13C NMR (100 MHz,
CD;CN, 298 K): & 159.02, 156.59, 149.25, 149.12, 149.09, 148.08, 147.93, 133.92,
131.78, 131.18, 130.10, 129.71, 124.17, 124.10, 123.13, 122.26, 117.67, 117.48,



117.43, 116.70, 115.35, 112.99, 80.58, 72.13, 71.98, 71.60, 71.36, 70.63, 69.76, 69.63,
69.59, 69.32, 69.23, 68.60, 68.48, 68.34, 68.15, 68.12, 68.08, 68.01, 65.00, 51.74,
50.65, 47.91, 30.68, 28.65, 27.05, 26.98, 26.53. HRMS (ESI) (m/z): [M - PF¢]" calcd
for C73H;04N5019 1354.7326, found 1354.7321.

Synthesis of [2]rotaxane 6: A mixture of compound 10 (100 mg, 0.067 mmol) and
trifluoroacetic acid (0.1 mL, 1.33 mmol) was stirred in CH,Cl, (5.0 mL) at room
temperature under argon for 2 h. After the solvent was reduced under vacuum, the
residue was dissolved with CH,Cl, (5.0 mL). Then, saturated aqueous NH4PF¢ solution
(2.0 mL) was added, the mixture was stirred for 3 h and washed with brine (3 x 20 mL).
After removal of the solvent, the crude product was purified by chromatography on a
silica gel column (CH,Cl,/Methanol = 100/1) to give [2]Rotaxane 6 (95 mg, 92%) as a
white solid. "H NMR (400 MHz, CD;CN, 298 K): 6 7.72 (s, 1H), 7.56 (s, 2H), 7.40-
7.32 (m, 7H), 7.18 (s, 1H), 7.16-7.09 (m, 4H), 7.08-7.03 (m, 2H), 6.99-6.91 (m, 6H),
4.60 (s, 2H), 4.39-4.34 (m, 2H), 4.31-4.16 (m, 14H), 4.15-4.11 (m, 2H), 4.10-4.05 (m,
4H), 3.89-3.81 (m, 4H), 3.79-3.71 (m, 10H), 3.69-3.64 (m, 2H), 3.63-3.49 (m, 16H),
3.48-3.41 (m, 4H), 3.39-3.32 (m, 4H), 1.82-1.74 (m, 2H), 1.56-1.48 (m, 2H), 1.33-1.26
(m, 2H), 1.23-1.14 (m, 2H). 3C NMR (100 MHz, CD;CN, 298 K): 3 160.56, 149.93,
149.27, 149.07, 149.05, 147.96, 145.32, 133.95, 132.54, 131.19, 130.11, 129.72,
125.70, 124.24, 124.13, 123.99, 122.28, 118.90, 117.52, 117.12, 115.77, 113.02, 72.15,
72.01, 71.63, 71.40, 70.67, 69.79, 69.69, 69.47, 69.30, 69.26, 69.21, 68.87, 68.83,
68.65, 68.63, 68.49, 68.33, 68.25, 68.16, 64.98, 52.01, 51.86, 51.77, 50.68, 47.96,
30.69, 27.08, 27.00, 26.55. HRMS (ESI) (m/z): [M - PF]" calcd for C4sHo7FsNsO17P
1400.6521, found 1400.6526.
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Figure S1. Partial '"H NMR spectra (400 MHz, 298 K, [D3]acetonitrile) of (a) 2:1; (b)

1:1; (¢) 1:2 mixture of 1 and 2.
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Figure S2. Partial NOESY spectrum (400 MHz, 298 K, [D;]acetonitrile) of

[2]rotaxane 6.
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Figure S2. Partial NOESY spectrum (400 MHz, 298 K, [D;]acetonitrile) of

hetero[4]rotaxane 5.
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13C NMR spectrum of 1 ([Dg]DMSO , 100MHz, 298K).

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =30.0 mDa / DBE:min=-15 max=100.0
Element prediction: Off
Number of isctope peaks used for i-FIT = 2
Monoisotopic Mass, Even Electron lons
161 formula(e) evaluated with 5 results within limits {up fo 1 closest results for each mass)
Elements Used:
C:0-37 H:0100 N:06 0O:0-10
QU-OH ECUST institute of Fine Chem 14-Mar-2014
19:30:16
QDH-FA-1 193 {1.2858) Cm (152:209) 1: TOF M5 ES+
5.33e+004
100- 633 3094
%: 8663275 |688.3135
4 |690.3218
3183WE ggggegg  41B.SESE 5002238 5161997 619.4390.635.4232 J_ 7052560 757 4gpa 42817
Tt g e T LT A T e [ R R PR e e e prrr e e e e e e e g
325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 VOD 725 750 V/5 8O0 825 850
Minimum: -1.5
Maximum: 30.0 50.0 100.0
Masa Cale. Maas mba PPM DEE i-FIT i-FIT (Merm)} Formula
666.3273 566.3278 -0.3 -0.5 4.5 10z.8 0.0 C37 H48 N 010

ESI-Mass spectrum of 1. [M - PF4]" calcd for C37H4sNO;¢ 666.3278, found 666.3275.
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'"H NMR spectrum of [c2]daisy chain 3 ([D;]acetonitrile , 400MHz, 298K).
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DH-QU ECUST institute of Fine Chem 23-Jul-2014
20:28:47
(QD-FX-3 45 (1.482) Cm (41:48) 1: TOF MS ES+
100 1401.1543 2487a3
1401 6554
14006504
& 1402.1582
1402.6572
13281541
1328 6700
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ESI-Mass spectrum of hetero[4]rotaxane 5 ([M - 2PF¢]*"). [M - 2PF¢]?* calcd
for C136H194F12N10034P2/2 1401 1538, found 1401.1543.



DH-QU ECUST institute of Fine Chem 19-Jul-2014
10:02:53
QD-FX-2 31 (1.037) Cm (31:32) 1: TOF MS ES*

100~ 8857819 692

2861113

BB5.4451
BEE. 4498
=
866.7831
793.4503
780 790 B00 810 B20 830 B40 850 BB0 870 BBO B90 G900 910 920 930 40 950 980 970

ESI-Mass spectrum of hetero[4]rotaxane 5 [M - 3PF¢]*" calcd for
C136H194F6N10034P/3 885.781 1, found 885.7819.
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ESI-Mass spectrum of hetero[4]rotaxane 5 ([M - 4PF¢]*"). [M - 4PF¢]** calcd
for C136H194N10034/4 6280948, found 628.0955.
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 30.0 mDa / DBE: min=-1.5 max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

45 formulale) evaluated with 1 results within limits (up to 1 best isotopic matches for each mass)
Elements Usad:

C:0-42 H:0-56 N: 01 0O:0-12 Na 01

DH-QU ECUST insfitute of Fine Chem 05-Mov-2014
19:06:29
QO-Fx-2 30 (0.279) Cm {28:31) 1: TOF M5 ES+
9.96e+002
100 755.3621
1 789.3653 3043373
B
1 805.3435
4 790.3500 £
4 TE3.4D67 ||
1 679.4242 710.3204 7412234 7e4 3809 767.5143 P10 Ll
':}—r';lr||[||r||||||||||||||1||||n|'r||l1|!||[|||||||||||||||||||1F rr||r||r|'|r||1||1||1||||||'l||||||||||||||||]|'|l| frrrrprrrrperre et MIE
B30 G40 00 Ti0 720 Ti0 740 750 780 7o TE0 79D 500
Minimuom: —-1.5
Maximuom: 30.0 50.0 100.0
Meaa Calc. Mass mba PEM CBE i-FIT i-FIT (MNcorm) Formula
TEE8.3621 T88.3622 -0.1 -0.1 15.5 13.5 ¢.0 C42 H55 N 0l2 HNa

ESI-Mass spectrum of 9. [M + Na]* calcd for C4,HssNO,Na 788.3622, found

788.3621.
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'H NMR spectrum of 10 ([D3]acetonitrile , 400MHz, 298K).
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =30.0 mDa / DBE: min=-1.5 max=100.0
Element prediction: Off

MNumber of isotope peaks used fori-FIT =2

Moneisotopic Mass, Even Electron lons
111 fermulale) evaluated with 1 results within limits {up to 1 best isotopic matches for each mass)
Elemenis Usad:

C:0-f3 H:0-105 N:05 O:0-19

QU-DH ECUST insfitute of Fing Chem 23-Jan-2015
16:53:00
QD-FX-23 38 (1.258) Cm (38:41) 1: TOF M5 ES+
3.57e+004
100= 13547321
- 1 3557306
b 1356.7393
1357.7574
=, | 1187.9615 12179126 12449478 1284.5569 1312.79568 130670 {500 635 1AM Eady 14606345

L e L L B L L L R ey LR LN R AN LIy R RN Ll Rl b

1160 1180 1200 1220 1240 1260 1280 1300 1320 1340 1360 1380 1400 1420 1440 1450 1480

Minimum: =1oh

Maximum: 30.0 50.0 100.

Mass Calc. Mass mDa PEM CBE i-FIT i-FIT (Norm}) Formula

1354.7321 1354.7326 -0.5 -0.4 z4.5 25.8 0.0 73 H104 N5 019

ESI-Mass spectrum of 10. [M - PF¢]* caled for C73H04N5019 1354.7326, found
1354.7321.



FA-10
poe’L—
85—
68L°1—
ore’l—

08e’e—
€09°€
ZLL .m.\.
€L0r—
0Ler~

6657 —

LS69
€L69
2L0’L

os E%
081'L—
S9E'L—
155
0zL'L -

X
2 PF6

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 40 35 3.0 25 20 1:5 1.0 0.5
ppm

9.5

'H NMR spectrum of [2]rotaxane 6 ([D;]acetonitrile , 400MHz, 298K).

55’92,
00'22+
8017+

69'0€—

Loel
6L1EL]
Zeshly
9601\
SO6PLL
L0'6bL
LzevL’

9809} —

L

2 PF6

20 10

30

180 170 160 150 140 130 120 110 100 90 80 70 60 50

190

ppm

BC NMR spectrum of [2]rotaxane 6 ([Ds]acetonitrile , 100MHz, 298K).



Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =30.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

2211 formula(e) evaluated with 3 results within limits (up to 1 best isotopic matches for each mass)
Elemeants Used:

C:0-68 H: 0100 MN:0-5 O:0:17 F 06 P02

QU-CH ECUST institute of Fine Chem 23-Jan-2015
16:47-31
QD-FX-24 11 (0.422) Cm (7:11) 1: TOF MS ES+
4.93e+003
100— 1400 6526
1 1401 6568
I'H‘_
1 13126574 1402.6582
) 1254 67595 1283 6783 L}31 48501 o 1403 6724 1589,.5050
e Y
1260 1230 1300 1320 1340 1360 1380 1400 1420 1440 1450 1480 1500 1520
Minimum: -1.5
Maximuam: 30.0 50.0 100.0
Mass Calc. Mass mba PEM DBE i-FIT i-FIT (Norm) Formula
1400.6526 1400.6521 0.5 0.4 20.5 21.4 0.0 CeB H97T N5 017 Fé P

ESI-Mass spectrum of [2]rotaxane 6. [M - PF4]" calcd for C4sHo7F¢NsO 7P 1400.6521,
found 1400.6526.



