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Characterisation of bis-viologen axle 41
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Figure S1: '"H NMR spectrum (400 MHz, CDsOD) of compound 41.
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Figure S2: 3C NMR spectrum (100 MHz, CD3OD) of compound 4x2.



Characterisation of bis-viologen axle 56
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Figure S3: '"H NMR spectrum (400 MHz, CDsOD) of compound 5s.
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Characterisation of bis-viologen axle 51
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Figure S5: '"H NMR spectrum (400 MHz, CDsOD) of compound 51.
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Characterisation of 11
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Figure S7: 'TH NMR spectrum (400 MHz, CDCls) of compound 11.
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Figure S8: 3C-APT NMR spectrum (100 MHz, CDCls) of compound 11.
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Characterisation of 13
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Figure S9: 'H NMR spectrum (400 MHz, CDCls) of compound 13.
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Figure S10: 3C-APT NMR spectrum (100 MHz, CDCls) of compound 13.
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Characterisation of TPU-ES
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Figure 512: 3C-APT NMR spectrum (100 MHz, CDCls) of compound TPU-ES.
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Figure S13: Edited HSQC 2D NMR spectrum (400 MHz, CDCls) of compound TPU-ES. Positive peaks (CHs
and CH) are shown in red, while negative ones (CHz) are in blue.
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Figure S14: 2D magnitude g-COSY NMR spectrum (400 MHz, CDCls) of compound TPU-ES.
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Characterisation of TPU-OTBS
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Figure S17:'H NMR spectrum (400 MHz, CDCls) of compound TPU-OTBS.
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Figure 518: 3C NMR spectrum (100 MHz, CDCls) of compound TPU-OTBS.
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Figure S19: Edited HSQC 2D NMR spectrum (400 MHz, CDCls) of compound TPU-OTBS. Positive peaks

(CHs and CH) are shown in red, while negative ones (CH:) are in blue.
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Figure 520: 2D magnitude g-COSY NMR spectrum (400 MHz, CDCls) of compound TPU-OTBS.
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experimental (down) isotopic distribution for the singly charged molecular ion.
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Figure S22: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound TPU-OTBS: calculated (top) and
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Characterisation of P[(TPU):05¢]
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Figure S23: 'H NMR spectrum (400 MHz, benzene-ds) of [3]pseudorotaxane P[(TPU)2556].
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Figure S24: Edited HSQC 2D NMR spectrum (400 MHz, benzene-ds) of [3]pseudorotaxane P[(TPU)255s].
Positive peaks (CHs and CH) are shown in red, while negative ones (CHz) are in blue.
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Characterisation of P[(TPU).0512]
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Figure 525: 'H NMR spectrum (400 MHz, benzene-ds) of [3]pseudorotaxane P[(TPU)25512].
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Figure 526: 3C NMR spectrum (100 MHz, benzene-ds) of [3]pseudorotaxane P[(TPU)20512].
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Figure S27: Edited HSQC NMR spectrum (400 MHz, benzene-ds) of [3]pseudorotaxane P[(TPU)25512]. Positive
peaks (CHs and CH) are shown in red, while negative ones (CHz) are in blue.
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Figure S28: 2D magnitude g-COSY NMR spectrum (400 MHz, benzene-ds) of [3]pseudorotaxane
P[(TPU):551].
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Characterisation of R[(TPU)2> 612]
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Figure S29: '"H NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU)2561].
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Figure S30: 3C NMR spectrum (100 MHz, benzene-ds) of [3]rotaxane R[(TPU)22612].
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Figure S31: Edited HSQC NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU)2561]. Positive peaks

(CHs and CH) are shown in red, while negative ones (CH2) are in blue.
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Figure S32: 2D magnitude g-COSY NMR spectrum (400 MHz, benzene-ds, 25 °C) of [3]rotaxane R[(TPU)25612].

< 70

. ’ 7 L,

Ny % k3

, & : .

“ 3]

-6

- K

| 8

K@ =

T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
& (ppm)

f1 (ppm)

Figure S33: 2D TOCSY NMR spectrum (400 MHz, benzene-ds, MT = 0.06 s) of [3]rotaxane R[(TPU)25612].
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Figure S34: HR-MS (ESI, Orbitrap LQ) spectrum of [3]rotaxane R[(TPU)25612].
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Characterisation of R[(TPU).> 712]
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Figure S36: 'H NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU)25712]. The resonance with the

DPA label at 5.02 ppm is associated with the signal of the diphenylacetate methine proton that exchanged the

tosylates upon axle stoppering.
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Figure S37: 13C NMR spectrum (100 MHz, benzene-ds) of [3]rotaxane R[(TPU)2571].
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Figure S38: Edited HSQC NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU)2571]. Positive peaks

(CHs and CH) are shown in red, while negative ones (CH:) are in blue.
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Figure S39: 2D magnitude g-COSY NMR spectrum of [3]rotaxane R[(TPU)25712] (400 MHz, benzene-ds).
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Figure 540: 2D TOCSY NMR spectrum (400 MHz, benzene-ds, MT = 0.06 s) of [3]rotaxane R[(TPU)25712].

30



ep8l 151023100221 #1 RT:0.00 AV:1 NL:1.75E5
T: FTMS + p ESI Full ms [200.00-2000.00]

100+

BN wow s N g ® N N ® ®©® © ©
U o o O O o o O o0 o O o U o a o a
drr b b b b e bevea b b b B b bvra v b b bewna bewaa Baga |

=
o

413.26578
229.04198 z=1
_z=?

1 Ll‘luh ahidad l‘ﬂl VRN

a

| ETETTIN

=]

1042.86560
z=4

1447.49182
z=3

1494.20947
1395.14941 =3
1221.98889 =3 1579.79956
z=1 I nl =3
| X L el 0 R

200 400 600

800

T T T T T T T T T

T T 1
1200 1400 1600 1800 2000

Figure S41: HR-MS (ESI, Orbitrap LQ) spectrum of [3]rotaxane R[(TPU)25712] showing the triply charged

molecular ion.
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Figure S42: HR-MS (ESI, Orbitrap LQ) spectrum of [3]rotaxane R[(TPU)25712] showing the doubly charged

molecular ion.
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Characterisation of R[(TPU)2> 812]
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Figure S43: '"H NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU)2581].
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Figure S44: 3C-APT NMR spectrum (100 MHz, benzene-ds) of [3]rotaxane R[(TPU)2581].
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Figure S45: Edited HSQC NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU)2581]. Positive peaks
(CHs and CH) are shown in red, while negative ones (CH) are in blue.

33



T ed L,
oi%{aé#%
‘@@g ?G@og L8

LY
«
o —
8 'S .\j &
© Q
T T T T T T T
O (o)) w »H w N -
f1 (ppm)

@

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
5 (ppm)

Figure S46: 2D TOCSY NMR spectrum (400 MHz, benzene-ds, MT = 0.06 s) of [3]rotaxane R[(TPU)2581z].
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Figure S47: 2D ROESY NMR spectrum (400 MHz, benzene-ds, SL = 200 ms) of [3]rotaxane R[(TPU)2581].
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Figure S48: HR-MS (ESI, Orbitrap LQ) spectrum of [3]rotaxane R[(TPU)25812] showing the quadruple, triply
and doubly charged molecular ions.
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Figure S49: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU):5812]: calculated (top) and
experimental (down) isotopic distribution for the quadruple charged molecular ion.
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Figure S50: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU):5812]: calculated (top) and

experimental (down) isotopic distribution for the triply charged molecular ion.
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Figure S51: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU):5812]: calculated (top) and
experimental (down) isotopic distribution for the doubly charged molecular ion.
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Characterisation of P[(TPU-ES):0512]
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Figure S52: 'H NMR spectrum (400 MHz, benzene-ds) of [3]pseudorotaxane P[(TPU-ES)2551].
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Figure S53: Edited HSQC NMR spectrum (400 MHz, benzene-ds) of [3]pseudorotaxane P[(TPU-ES):551].
Positive peaks (CHs and CH) are shown in red, while negative ones (CHz) are in blue.
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Characterisation of R[(TPU-ES):o71]
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Figure S54: '"H NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU-ES):5712]. The resonance with
the S label at 5.02 ppm is associated with the signal of the diphenylacetate methine proton that exchanged the
tosylates upon axle stoppering.
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Figure S55: 3C-APT NMR spectrum (100 MHz, benzene-ds) of [3]rotaxane R[(TPU-ES)25712].
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Figure S56: Edited HSQC NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU-ES):5712]. Positive
peaks (CHs and CH) are shown in red, while negative ones (CHz) are in blue.
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Figure S57: 2D TOCSY NMR spectrum (400 MHz, benzene-ds, MT = 0.06 s) of [3]rotaxane R[(TPU-ES)2571].
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Figure S58: 2D ROESY NMR spectrum (400 MHz, benzene-ds, SL = 200 ms) of [3]rotaxane R[(TPU-ES):571].
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Figure S59: HR-MS (ESI, Orbitrap LQ) spectrum of [3]rotaxane R[(TPU-ES):5712] showing the quadruple,
triply and doubly charged molecular.
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Figure S60: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU-ES)25712]: calculated (top) and

experimental (down) isotopic distribution for the quadruple charged molecular ion.
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Characterisation of R[(TPU-ES):5812]
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Figure S61: '"H NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU-ES)2581].
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Figure S62: 3C-APT NMR spectrum (100 MHz, benzene-ds) of [3
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3]rotaxane R[(TPU-ES)25812]
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Figure S63: Edited HSQC NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU-ES):5812]. Positive
peaks (CHs and CH) are shown in red, while negative ones (CH2) are in blue.
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Figure S64: 2D TOCSY NMR spectrum (400 MHz, benzene-ds) of [3]rotaxane R[(TPU-ES)2581].
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Figure S65: 2D ROESY NMR spectrum (400 MHz, benzene-ds, SL = 200 ms) of [3]rotaxane R[(TPU-ES)25812].
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Figure S66: HR-MS (ESI, Orbitrap LQ) spectrum of [3]rotaxane R[(TPU-ES):5812] showing the quadruple,

triply and doubly charged molecular.
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Figure S67: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU-ES)25812]: calculated (top) and
experimental (down) isotopic distribution for the quadruple charged molecular ion.
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Figure S68: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU-ES):5812]: calculated (top) and
experimental (down) isotopic distribution for the triply charged molecular ion.
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Figure 569: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU-ES)25812]: calculated (top) and
experimental (down) isotopic distribution for the doubly charged molecular ion.
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Characterisation of R[(TPU-AC):0712]
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Figure S70: '"H NMR spectrum (400 MHz, CD2Cl) of [3]Jrotaxane R[(TPU-AC)2571].
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Figure S71: 3C NMR spectrum (100 MHz, CD:Cl) of [3]rotaxane R[(TPU-AC)25712].
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Figure S72: Edited HSQC NMR spectrum (400 MHz, CD2Cl2) of [3]rotaxane R[(TPU-AC)2581]. Positive peaks
(CHs and CH) are shown in red, while negative ones (CH:) are in blue.
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Figure S73:2D TOCSY NMR spectrum (400 MHz, CD2Clz2, MT = 0.06 s) of [3]rotaxane R[(TPU-AC)2571].
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Figure S74: 2D ROESY NMR spectrum (400 MHz, CD:Clz, SL = 200 ms) of [3]rotaxane R[(TPU-AC):5712].
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Figure S75: HR-MS (ESI, Orbitrap LQ) spectrum of [3]rotaxane R[(TPU-AC):5812] showing the quadruple,
triply and doubly charged molecular.
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Figure S76: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU-AC)25812]: calculated (top) and
experimental (down) isotopic distribution for the quadruple charged molecular ion.
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Figure S77: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU-AC)25812]: calculated (top) and
experimental (down) isotopic distribution for the triply charged molecular ion.
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Figure S78: Inset of HR-MS (ESI, Orbitrap LQ) spectrum of compound R[(TPU-AC)25812]: calculated (top) and
experimental (down) isotopic distribution for the doubly charged molecular ion.
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