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1. General Information

Chemicals were purchased from Adamas-beta® and used as received unless otherwise
stated. Solvents were reagent grade pure, 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. NMR experiments ('"H NMR, 3C NMR, 'H-'H
COSY and 'H-'H NOESY) were measured on a Briiker AV-400 spectrometer. The
electronic spray ionization (ESI) mass spectra were tested on a LCT Premier XE mass

spectrometer.
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Scheme S1. The synthetic routes of compound C1 and hetero[6]rotaxane 8 and the stepwise

formation of pseudo[2]rotaxane C2 and pseudo[4]rotaxane C3



Compound S18!, compound 2 52, compound 3 53, compound 4 33, and compound 5 53
were synthesized according to the previously reported literatures.

Compound S2: Compound S1 (0.852 g, 5.42mmol) was dissolved in dry THF and
lithtum aluminium hydride (1.875 g, 54.21 mmol) was slowly added in portions to the
mixture under ice bath. The mixture was stirred at room temperature for 5 hours. Then
2.0 mL water and 2.0 mL 15 % aqueous sodium hydroxide were added slowly to the
mixture to quench the reaction. The mixture was filtrated and the solid was washed by
THF (30 mL). The collected organic phase, it was washed with water (3 x 30 mL). The
organic layers were combined and dried over Na,SO,4 and finally concentrated under
reduced pressure. The crude product and 4-(hydroxymethyl)benzaldehyde (0.453 g,
3.10 mmol) were dissolved in toluene (15 mL) and the mixture was heated and stirred
under reflux in an argon atmosphere for 24 hours. After cooling, toluene was evaporated
under reduced pressure. The crude product was dissolved in dry methanol and NaBH,
(1.266 g, 33.27 mmol) was slowly added in portions to the mixture under ice bath. The
mixture was stirred at room temperature for 5 hours. Then, 15 mL water was added
slowly to the mixture to quench the reaction, After the methanol was evaporated, and
the residue was extracted by CH,Cl, (3 x 15 mL). The organic phase was collected and
washed with water (3 X 20 mL). The combined organic layers were dried over Na,SO,
and concentrated under reduced pressure. The crude product and Boc,O (2.658g, 12.18
mmol) were dissolved in CH,Cl, (15mL). The mixture was stirred at room temperature
for 6 hours. The organic phase was washed with water (3 x 20 mL). The collected
organic layers were dried over Na,SO, and concentrated under reduced pressure. After
removal of the solvent, the crude product was purified by chromatography on a silica
gel column (CH,Cly/methanol = 100/1) to afford the compound S2 (1.321g, 63.9 %) as
a yellow oily liquid. "H NMR (400 MHz, CDCl3) ¢ 7.32 (d, J = 8.0 Hz, 2H), 7.17 (d, J
= 6.7 Hz, 4H), 6.94 (dd, J = 6.6, 4.8 Hz, 2H), 4.68 (d, J = 2.4 Hz, 4H), 4.32 (dd, J =
29.9, 16.4 Hz, 4H), 2.53 (t, J= 2.3 Hz, 1H), 1.49 (s, 9H). 3C NMR (100 MHz, CDCl5)
0 156.83, 156.0, 139.9, 130.9, 127.1, 114.9, 80.1, 78.5, 75.5, 65.0, 55.8, 28.4. HRMS
(ESI) (m/z): [M+Na]" calcd for Cy3H,7;NO4Na: 404.1838, found: 404.1837.

Compound S3: Compound S2 (0.348 g, 0.91 mmol) was dissolved in dry THF (5.0

mL) and the solution was added to CBr, (0.460 g, 1.37mmol) and Ph;P (0.493 g, 1.82
mmol) and stirred in ice bath for 2 hours. Then, 25 mL saturated brines was added and
the mixture was extracted by CH,Cl, (3 x 30 mL). The organic layers were collected
and dried over Na,SO,4 and concentrated under reduced pressure. After removal of the
solvent, the crude product was purified by chromatography on a silica gel column
(CH,Cly/methanol = 150/1) to yield the compound S3 (0.260g, 64.3 %) as a yellow oily
liquid. "H NMR (400 MHz, CDCl;) 6 7.35 (d, /= 8.1 Hz, 2H), 7.16 (s, 4H), 6.97 — 6.90
(m, 2H), 4.69 (d, J=2.3 Hz, 2H), 4.50 (s, 2H), 4.42 — 4.21 (m, 4H), 2.53 (t, J= 2.4 Hz,
1H), 1.49 (s, 9H). 3C NMR (100 MHz, CDCls) ¢ 156.8, 155.9, 136.7, 129.2, 114.9,
80.2, 78.5, 75.5, 55.8, 33.3, 28.4. HRMS (ESI) (m/z): [M+Na]" calcd for
C3H6NO3;BrNa: 466.0944, found: 466.0989.
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Compound S4: The mixture of compound S3 (0.242 g, 0.55 mmol) and 4, 4'-
bipyridine (0.036 g, 0.22 mmol) was dissolved in dimethyl sulphoxide (DMSO) were
stirred under reflux for 14 hours. Then, the mixture was added to 15.0 mL saturated
NH4PF¢ solution. The resultant mixture was filtrated and the solid was washed by
deionized water (30 mL). Then, give the compound S4 (0.175g, 64.4 %) was afforded
as a yellow solid. 'H NMR (400 MHz, CD;CN) 6 8.95 (d, J= 6.9 Hz, 4H), 8.37 (d, J =
6.8 Hz, 4H), 7.47 — 7.40 (m, 4H), 7.32 (d, J = 8.1 Hz, 4H), 7.17 (d, J = 8.7 Hz, 4H),
6.90 (d, J= 8.7 Hz, 4H), 5.79 (s, 4H), 4.70 (d, J = 2.4 Hz, 4H), 4.40 (s, 4H), 4.34 (s,
4H), 2.79 (t, J = 2.4 Hz, 2H), 1.43 (s, 18H). 3C NMR (100 MHz, CD;CN) ¢ 157.6,
156.5, 151.1, 146.4, 132.1, 130.3, 129.8, 129.4, 128.3, 115.6, 80.6, 79.6, 76.7, 65.3,
56.4,28.4. HRMS (ESI) (m/z): [M—PF¢]" calcd for CsgHgoFsN4OgP: 1029.4149, found:
1029.4155.

Compound 1: Compound S4 (0.194 g, 0.165 mmol) was dissolved in CH,Cl, (3.0 mL)
and added to HCI (12 mol/L, 2.0 mL) and stirred for 8 hours. Then, 15.0 mL saturated
NH4PF¢ solution was added. The crude product was washed by 30 mL deionized water
to yield the compound 1 (0.182g, 87.0 %) as a yellow solid. 'H NMR (400 MHz,
CD;CN) 0 8.96 (d, J= 6.9 Hz, 4H), 8.39 (d, J = 6.9 Hz, 4H), 7.56 (q, J = 8.3 Hz, 8H),
7.43 (d, J=8.7 Hz, 5H), 7.32 (d, J= 8.5 Hz, 4H), 7.04 (d, /= 8.7 Hz, 4H), 5.84 (s, 4H),
4.77 (d, J= 2.4 Hz, 4H), 4.24 (s, 4H), 4.19 (s, 4H), 2.83 (t, J = 2.4 Hz, 2H). *C NMR
(100 MHz, CD5;CN) ¢ 158.1, 150.1, 145.3, 133.6, 132.0, 131.6, 130.9, 129.4, 127.2,
122.7,114.8,78.0, 75.8, 63.7, 55.2, 50.7, 50.1. HRMS (ESI) (m/z): [M—PF;]* calcd for
CaHyeF1sN4O,P5: 1121.2541, found: 1121.2543.

The corresponding original spectra of the above compounds are displayed as Figures
S11-35 in the following section.



3. Characterization Data and Their Original Spectra
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Figure S1. Partial 'H NMR spectra (400 MHz, 298 K, CD;CN) of a) BPP34C10, b)
BPP34C10DoBPY?" and ¢) BPY?".
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Figure S2. Partial '"H NMR spectra (400 MHz, 298 K, CD;CN) of a) DB24CS8, b)
DB24C8>DBA and c¢) DBA.
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Figure S3. Partial '"H NMR spectra (400 MHz, 298 K, CD;CN) of a) B21C7, b)
B21CI>BAA and c) BBA
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Figure S4. Partial 'H NMR spectra (400 MHz, 298 K, CD;CN) of a) BPP34C10, b)
compound 1, ¢) 1:1 mixture of 1, BPP34C10, d) 1:1:2 mixture of 1, BPP34C10,

DB24C8 and e¢) DB24CS8.
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Figure S5. Partial 'H NMR spectra (400 MHz, 298 K, CD;CN) of a) B21C7, b) 1:1:2
mixture of 5, B21C7 and c¢) compound 5.
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Figure S6. Partial "H NMR spectra (400 MHz, 298 K, CD;CN) of a) equal molar
mixture pseudo[4]rotaxane 6 and [2]semi-rotaxane 7, and b) one pot mixture of
compound 1, BPP34C10, DB24C8, B21C7 and compound 5.
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Figure S7. Partial "H NMR spectra (400 MHz, 298 K, CD;CN) of a) compound C1, b)
1:1 mixture of C1 and BPP34C10, ¢) 1:1:2 mixture of C1, BPP34C10 and DB24CS8, d)
1:1:4 mixture of C1, BPP34C10 and DB24CS, ¢) 1:1:6 mixture of C1, BPP34C10 and
DB24CS8, 1) 1:1:6:2 mixture of C1, BPP34C10, DB24C8 and B21C7, g) 1:1:6:6 mixture
of C1, BPP34C10, DB24C8 and B21C7, and h) hetero[6]rotaxane 8. The DB24C8
molar ratio was increasing from 2.0 equivalents to 6.0 equivalents (Figure S7c—S7e). It
can illustrate that pseudo[4]rotaxane 6 was the primary species in the self-sorting
process. The B21C7 molar ratio was increasing from 2.0 equivalents to 6.0 equivalents
(Figure S7f—S7g) and no further change was observed upon the addition of B21C7,
which indicate that the phenyl group in the terminal of the axle compound prevent the
threading into the B21C7 cavity.
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Figure S8. Partial "H NMR spectra (400 MHz, 298 K, CD;CN) of a) compound C1, b)

1:1 mixture of C1 and BPP34C10, c) 1:1:2 mixture of C1, BPP34C10 and DB24CS,

and d) compound 8.
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Figure S9. 'H-'H cosy spectrum of hetero[6]rotaxane 8 (400 MHz, 298 K, CD;CN).
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Figure S10. *H-'H NOESY spectrum of hetero[6]rotaxane 8 (400 MHz, 298 K,
CD;CN).
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Figure S11. '"H NMR spectrum of S2 (CDCl;, 400MHz, 298K).

11



© © © -~ o

N o 0 © ¥ © N T o~ 0 [N
© o o o N o © YR © © ©
© 19 o S S < Tuan e *° 3
0 ] ® - S 0 O 16 7] 0 ©
- - - - - - o~~~ © © ~
N | [ | SNV | | |

Il L L I A

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
ppm

Figure S12. 3C NMR spectrum of S2 (CDCl;, 100MHz, 298K).
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Figure S13. ESI-mass spectrum of compound S2 ([M+Na]*: 404.1837).
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Figure S15. 3C NMR spectrum of S3 (CDCl;, 100MHz, 298K)
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Figure S16. ESI-mass spectrum of compound S3 ([M+Na]*: 466.0989)
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Figure S17. '"H NMR spectrum of S4 (CD;CN, 400MHz, 298K)
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Figure S18. 3C NMR spectrum of S4 (CD;CN, 100MHz, 298K)
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Figure S19. ESI-mass spectrum of compound S4 ([M—PF¢]*: 1029.4155)
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Figure S22. ESI-mass spectrum of compound 1 ([M—PF¢]": 1121.2543).
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Figure S23. 'THNMR spectrum of 8 (CD3;CN, 400MHz, 298K)
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Figure S24. 3C NMR spectrum of 8 (CD;CN, 100MHz, 298K)
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Figure S26. 3C NMR spectrum of C1 (CD;CN, 100MHz, 298K)
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Figure S27. ESI-mass spectrum of compound C1 ([M—2PF]*": 866.26).
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Figure S28. ESI-mass spectrum of compound C1 ([M—3PF4]3": 529.21).
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Figure S29. ESI-mass spectrum of compound C1 ([M—4PF4]*": 360.66).
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Figure S30. ESI-mass spectrum of compound C1 ([M—6PF4]¢": 192.18).
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Figure S31. ESI-mass spectrum of hetero[6]rotaxane 8 ((M—2PF¢]**: 1939.7592).
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Figure S32. ESI-mass spectrum of hetero[6]rotaxane 8 ((M—3PF¢]**: 1244.8542).
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Figure S33. ESI-mass spectrum of hetero[6]rotaxane 8 ([M—4PF4]*": 897.3967).
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Figure S34. ESI-mass spectrum of hetero[6]rotaxane 8 ([M—5PFg]>": 688.9200).
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Figure S35. ESI-mass spectrum of hetero[6]rotaxane 8 ([M—6PFg]¢": 549.9410).
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