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1. Experimental Section

1.1. General Methods

Unless otherwise noted, commercially available reagesub/entsand anhydrous solventsere used as
purchased without further purificatiofreshly distiled THF was distilled over Na/benzophend@anpounds
4.5 S3' andS6™ wereprepared according to literature procedures.

TLC was performed on Merck Silica gel 6&faluminum sheets. The TLC plates were stained with potassium
permanganate (1% wia wated, cerium molybdate stain (Hanessian's stamjiinhydrin (0.3% whin ethanao)

or observed under UV light when applicable. Flash column chromatography was performed witke&ilgta
(VWR, 406 3 )sGel permeatiomhromatography waserformed with BiobeadsS X 1 resin beads.

'H and™C NMR spectra were recorded at room temperatura Warian Direct Drive (400 MHz or 500 MHz)

Bruker Avance Il HD NanoBay (400 MHz) or Bruker Avance Neo (400 MB@0 MHz or 600 MH2
spectrometers at a constant temperature of 298 K. Chemical shifts are given in ppm and referenced to the sign
of the residual proiated solvent ¢H: U=7.26 for CDC})) or the™*C signal of the solvent§>C: i=77.16 for CDC))

or to the signal of the residu@MS (*H: i=0.00. Coupling constant)f values are given in HAbbreviations
indicating multiplicity were used as follow: m = multiplet, p = quintet, q = quartet, t = triplet, d = doddblet,
doublet of doubletss = singlet, br = broadsignals were assigned by means of 2D NMR spectroscopy (COSY,
HSQC, HMBC).

Eledrospray (ESI)HRMS spectra were recorded on a Waters XeveXS2QTOF or on aBruker Maxis Il
spectrometerMelting points were measured withSauarf melting point apparatus SMR#d are uncorrected.
IR spectra were recorded with a Perlimer Spectrum Two FTIR ATR spectrometer.



1.2 Synthesis Overview

1.2.1 Synthesis of stoppetl
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Scheme &: Synthesis of stoppdrl: Reagents and conditioras) 1."BuLi (2.5 M in hexane), THF,78 °C, 20
min; 2. B(OMe}, THF,778 °C, 20 min, then-8°C, 2 h; 3. HO, (33% in HO), 0-4 °C, 30 min, thenr.t., 1 h,
61% b) K,CO;s, CH:CN, 75 °C, 22 h, 66 %. ¢) @EO.H, E:SiH, CH,Cly, r.t., 4 h, 79%.



1.2.2 Synthesis of axl&0-PF,
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Scheme @: Synthesis of compourgli Reagents and conditiores) 3Bromo-1-propanol, kCO;, CH:CN, 75 °C,
24 h, 85%. b) 2Dimethyt1,3-propanedio) bL-10-camphorsulfonic acid, molecular sieV&4), toluene, 100
°C, 18 h, 73%. c2-Chloroethanesulfonyl chloride, #t, CH,Cl,, 0-4°C, 1 h, 80%. dEt:N, PPh, CH,Cl,/'PrOH

(8:1), .t., 24 hquant €) CRCOH, H,0, CHCl,, I.t.,5 h, 95%.
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Scheme 8: Synthesis of compound Reagents and conditiore) Ethyl trifluoroacetate, EN, MeOH, r.t., 2 h,
89%. b) TsCl, EN, DMAP .y CH.Cl,, r.t., 18 h, 99%. c) LiBracetone, reflux, 18 h, 86%. d)
Triphenylmethanethiol, LIHMDS (1 M in THF), THF;9°C to r.t., 70 min, 85%. e€) NaOH 8, MeOH, r.t., 20
h, 76%.
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Scheme 8: Synthesis of axl&0-PR; : Reagents and conditiors) 1. MeOH/THF (8:5), r.t., 24 h; 2. NaBH
MeOH/THF (8:5), r.t., 24 h; 3. BgO, EtsN, CH,Cl,, r.t., 24 h, 80%. b) 1ICRCOH, ELSiH, CHCI,, r.t.,6 h; 2.
Boc,O, Et;N, CH,CI,, r.t., 5 h; 3Divinyl sulfone,Etz:N, CH,Cl,, r.t., 14 h, 52%over 3 steps)c) 1.CRCO.H,
CH.Cl,, r.t.,5h; 2. HCI (2 M in E4O), CH,Cl,, r.t.,3 h; 3. KPk, CH,Cl,/acetone/HO (4:5:5), r.t., 18 h, 84%
(over 3 steps)
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1.2.3 Synthesis of rotaxan&3-PF'
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Scheme S: Synthesis of rotaxark8-PF; : Reagents and conditioBMAP ¢z, CHC, 0 °C, 72 h, 66%
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Scheme 8: Synthesis of threa812PF; : Reagents and conditiors; EtN, CHCI,, r.t., 18 h, 90%b)

CRCOH, CH,CIy, r.t.,2h; 2. HCI (2 M in EfO), CH.CI,, r.t., 3 h; 3. KPk, CH.Cl,/acetone/HO (4:5:5), r.t., 18
h, 83%.



1.2.4 Cleavage of rotaxane3:PFg
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Scheme $: Cleavage of rotaxant8:PFR; : Reagents and conditiors) 1. MgBs, CHCL, r.t., 48 h; 2. EN,
CDClg, r.t., 10 min, 92% (fol2) and 77% (forl4/15 (1:1)).
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Scheme 8: Cleavage of threaB811 Reagents and conditioresf MgBL,, CH,Cl,, r.t., 48 h, 96%. bEF,CO,H,
CH.CIy, r.t.,2h; 2. HCI (2 M in E4O), CH,Cl,, r.t.,4 h; 3. KPFk, CH,Cl,/acetone/HO (4:5:5), r.t., 18 h, 95%.



1.2.5In situ unidirectional transport of macrocycle 12
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Scheme 8: In situunidirectional transport of macrocycle: Reagents and conditiorest DMAPa), CDCl,
0°C,96h. b) 1. MgBk, CDC, r.t., 48 h; 2. EN, CDC, r.t.,60 min.
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1.3 Synthetic procedures and characterization details

Compound S2

HO

To a degassed solution obtomo-3,5-di-tert-butylbenzenel(.29 g, 4.79 mmglin freshly distilled THF 15 mL)

ati 78 °C was addetBulLi (2.5 M in hexane2.30 mL, 5.75 mmoldropwise. The solution was stirred for 20 min
ati78 °C and trimethyl borat8(0 0 ¢ L, )Mwasla@dednThe bolution was stirred for 25 miin7a& °C

The mixture wasallowed to warm upo 0-4 °C andwas further stirred for 2 h at9°C. Subsequently, 1D,
(33% in HO, 875 ¢ L)wa®added andntheadsulting mixture was stirred for 30 mist&00then,1 h

at room temperature. The reaction mixture was cooled in a-igatbath and was slowly treated with an aqueous
solution of N&SG; (0.63 M, 15 mL). The mixture was then stirred for 15 min @t and 5 min at room
temperature. Theesulting mixture was extracted with EtOAc (3 x 50 mL) and the combined extracts were
washed with HO (2 x 100 mL) and brine (2 x 100Ln The organic layer was dried over anhydrous3{a and

the solvent was evaporated under vacuum. The crude material was purified by column chromatography (SiO
EtOAchexane 10:90) to give2 (599 mg, 61%) as a white solitH NMR (400 MHz, CDCL): U=7.06 (s, 1H),
6.76 (s, 2H), 5.590¢, 1H), 1.34 (s,18H). HRMS ESF): m/z 205.1593M ¢H]* (calcd for G4H2,0: 205.1592.
Characterizatiodata are in agreement withose fromliterature™

o2 2,

To a degassed solution 82 (520 mg, 2.52 mmol) in anhydrous ¢EN (30 mL) were adde83(2.00 g, 5.03

mmol) and KCOs; (1.74 g, 12.6 mmol). The suspension was stirred for 22 h at 75 °C. The solvent was evaporated
under reduced pressure and the solid vissotlzed in CHCI»/H,O (1:1, 200 mL). Layers were separated and the
agueous one was extracted withJ4CH (50 mL). The combined extracts were dried over anhydrouS®jand

the solvent was removed under vacuum. The crude material was purified by colwonmatcgraphy (SiQ
CH,Cl,/hexane 20:80) to yiel®4 (864 mg, 66%) as a colorless.dif NMR (400 MHz, CDCL): U= 7.43 (m,

6H), 7281 7.15 (m, 9H), 7.01 6, 1H), 669 (s, 2H), 3.92(m, 2H), 2.38 i, 2H), 1.84 (, 2H), 1.31 ¢, 18H). *°C

NMR (101 MHz, CDCly): 0=158.50, 152.21, 145.05, 129.75, 127.98, 126.71, 115.02, 108.95, 66.77, 66.14,
35.11, 31.62, 28.73R (neat):3=2958, 2866, 1591, 1841427, 1299, 1053, 744, 68&". HRMS ESI): m/z
545.285M+Na] " (calcd for GgH,4,ONaS: 545.2853.

Compound S4

Compound 11:

HS/\/\O

S11



Under argon, to a solution &4 (800 mg, 1.53 mmol) in dry Ci&l, (10 mL) wereadded CECOH (2 mL) and

Et:SiH (1 mL). The solution was stirred for 4 h at room temperatncehe solvent was removed under reduced
pressure.Subsequently,hie solid was dissolved in toluene (20 mL) and the solvent was evaporated under
vacuum. The crude material was purified by column chromatography, (SE)Cl./hexane 20:80) to affordl

(340 mg,79%) as a colorless ofH NMR (400 MHz, CDCly): 0=7.07 (t,J = 1.7 Hz, 1H), 6.80 (d) = 1.7 Hz,

2H), 4.12 (tJ =5.9 Hz, 2H), 2.79 (¢J = 7.1 Hz, 2H), 2.12 (p] = 6.5 Hz, 2H), 1.45 () = 8.1 Hz, 1H), 1.35 (s,

18H). °*C NMR (101 MHz, CDCl): t=158.52, 152.35, 115.21, 108.92, 65.51, 35.12, 33.76, 31.59, 2R.50.
(neat): 3=2956, 2866, 1591, 1427, 1298, 1217, 120861, 863, 764, 750, 70&m". HRMS (ESI): m/z
303.1754M+Na]" (calcd for G;H,sONaS: 303.1753.

Compound S5

0]

H
HO™ > O/©)L

To a degassed solution ofhgdroxybenzaldehyde (1.00 g, 8.19 mmin)dry CH,CN (30 mL) were added
K,CGO; (5.66 g, 41.0 mmol) and-Bromao-1-propanol (0.960 mL, 10.7 mmol). The suspension was stirred for 24 h
at 75 °C. The mture was coatdto room temperature, filtered and the solvent was evaporated under reduced
pressure. The syrup was dissolved in,CH (50 mL) and washed with # (50 mL). The aqueous layer was
extracted withCH,Cl, (50 mL) and the combined organic phases were dried over anhydrgb®,NBhe solvent

was removed under vacuum and the crude material was purified by column chromatography (SiO
CH,CI,/EtOAc 85:15) to yieldS5(1.25 g, 85%) as a colorless.dif NMR (400 MHz, CDCLy): i=9.88 (s, 1H),

7.83 (d,J = 8.8 Hz, 2H), 7.01 (d) = 8.8 Hz, 2H), 4.21 () = 6.1 Hz, 2H), 3.88 (1) = 5.9 Hz, 2H), 2.08 (p] =

6.0 Hz, 2H) Characterization data are in agreement with those from literdture.

Compound 2:

o/jL
@ °
Ho/\/\o

To a degassed solution &5 (6.45 g, 35.8 mmol) in dry toluene (300 mL) were addeddiyethytl,3
propanediol (5.59 g, 53.7 mmob.-10-camphorsulfoni@cid (1.66 g, 7.16 mmol) and molecular sie(@A, 10

g). The suspension was stirred for 18 h at 100 °C. The resulting mixture was cooled to room tengetature
Et:N (15 mL) was addedThe solution was concentrated to dryness timed crude material was purified by
column chromatography (S}OCH,CI,/EtOAc 85:15) to afford2 (6.92 g, 73%) as a white solid..pM 55/ 57 °C.

'H NMR (500 MHz, CDCL): i=7.42 (d,J = 8.7 Hz, 2H), 6.89 (d] = 8.7 Hz, 2H), 5.34 (s, 1H), 4.11 (= 6.0

Hz, 2H), 3.83 (tJ = 5.9 Hz, 2H), 3.75 (d] = 11.3Hz, 2H), 3.63 (dJ = 105 Hz, 2H), 2.02 (p,J = 6.0 Hz,2H),

1.29 (s, 3H), 0.79 (s, 3H"C NMR (126 MHz, CDCly): i=159.29, 131.40, 127.58, 114.40, 101.76, 77.79, 65.90,
60.55, 32.08, 30.31, 23.18, 22.0R.(neat):3=3400 (br), 2953, 2858, 1614, 1516, 1387, 1245, 1097, 10E%,
1012, 987, 827, 764, 749". HRMS (ESI"): m/z 289.1419M+Na]* (calcd for GsH,,0,Na: 289.14186.

Compound 3:

O/jL
O\\ //o /@/j\o
\/S\O/\/\o

Under an argon atmosphere, to a solutio (#.29 g, 8.58 mmol) in anhydrous &H, (250 mL), in a wateice
bath, were added # (5.96 mL, 42.9 mmol) and a solution ofcBloroethanesulfonyl chloride (1.35 mL, 12.9

S12



mmol) in anhydrous CKCl, (25 mL). The solution was stirred for 1 h a8 OC. Subsequently, the mixture was
diluted with CHCI, (50 mL) and washed with @ (250 mL). The agueous layer was then extracted wit)CGH
(250 mL). The combined organic phases were dried over anhydrg8©ONmnd the solvent was removed under
reduced pessure. The crude material was purified by column chromatography, i@Achexane 35:65) to
yield 3 (2.46 g, 80%) as a white solid..p57i 58 °C.'"H NMR (400 MHz, CDCL): U=7.43 (d,J = 8.7 Hz, 2H),
6.87 (d,J=8.7 Hz, 2H)6.46 (dd,J = 16.6, 9.3 Hz, 1H)6.38 (d,J = 16.7 Hz, 1H)6.06 (d,J = 9.3 Hz, 1H), 5.34
(s, 1H), 4.32 (t) = 6.1 Hz, 2H), 4.06 (tJ = 5.9 Hz, 2H), 3.75d, J = 11.2 Hz, 2H), 3.64 (d] = 10.5 Hz, 2H),
2.19 (p,J = 6.0 Hz, 2H), 1.29 (s, 3H), 0.79 (s, 3H)C NMR (101 MHz, CDCl): U=158.96, 132.31, 131.69,
130.46, 127.66, 114.34, 101.67, 77.78, 67.49, 63.28, 30.30, 29.04, 23.17 |RZ1¥At):3=2954, 2848, 1614,
1516, 1358, 1244, 1169, 1097, 974, 944, 828, @tit. HRMS ESI): m/z 379.1188[M+Na]* (calcd for
C1H240¢SNa: 379.119).

Compound5:
SNS 0f
O O O/\/\S/\/\\S// O/\/\o/©)\

To a degassed solution 8f(1.15 g, 3.23 mmol) in C¥Cl/'PrOH (8:1, 90 mL) were addetl (2.15 g, 5.24
mmol), EEN (225 ¢ L, 1. @69 mg @©.645 mraof).drheRdétution was stirred for 24 h at room
temperature. The solvent was then evaporated under reduced pressure and the crude material was purified |
column chromatography (S¥OCH,CI./EtOAc 98:2) to gives (2.46 g,quan) as a whitesolid. M.p. 70i 73°C.*'H

NMR (400MHz, CDCL): G=7.43 (d,J = 8.7 Hz, 2H), 7.30 7.14 (m,15H), 7.11 (d,J = 8.9 Hz, 2H), 6.88 (d] =

8.7 Hz, 2H), 6.76 (d) = 8.9 Hz, 2H), 5.33 (s, 1H), 4.44 = 6.2 Hz,2H), 4.08 (t,J = 5.9 Hz, 2H), 3.99 ({J =

5.9 Hz,2H), 3.74 (d,J= 11.2 Hz, 2H), 3.62 (dl = 10.6 Hz,2H), 3.3 (m, 2H), 292 (m, 2H), 2.69 (t,J= 7.2 Hz,

2H), 2.21 (pJ = 6.0 Hz, 2H), 2.01 (p] = 6.4 Hz,2H), 1.28 (s;3H), 0.79 (s, 3H)"*C NMR (101 MHz, CDCl):
U=158.95, 156.79, 147.18,39.32, 132.36, 131.77, 131.24, 127.70, 127.56, 125.99, 114.38, 113.36, 101.66,
77.78, 67.05, 65.81, 64.45, 63,480.66, 30.31, 29.30, 29.19, 29.01, 25.37, 23.19, 2203neat): 3=3055,

2956, 2849, 1611, 1508, 1244, 1167, 1099, 828, 734cM02HRMS (ESI'): m/z 789.2890M+Na]" (calcd for
CusHsNaO,S,: 789.2896.

Compound 6:
J — ;
0 8 S
O O/\/\S/\/S o> "o

Under argon, to a solution 6f(2.28 g, 2.97mmol) in CH,Cl, (50 mL) were added GEO,H (20 mL) and HO

(2 mL). The solution was stirred fortbat room temperature and concentrated to dryness. The crude material was
purified by column chromatography (SICCH,CI/EtOAc 99:1) to afford (1.93 g, 95%) as a white solil.p.

911 93°C. '"H NMR (400MHz, CDCly): U=9.87 (s, 1H), 7.82 (dl = 8.7 Hz, 2H), 7.81 7.15 (m, 15H), 7.10 (d,J

= 8.9 Hz, 2H), 6.99 (d] = 8.7 Hz, 2H), 6.75 (d] = 8.9 Hz, 2H), 4.45 (J = 6.1 Hz, 2H), 4.16 (1 = 5.9 Hz, 2H),

4.00 (t,J = 5.8 Hz, 2H), 35(m, 2H), 2.2 (m, 2H), 2.71 (tJ = 7.2 Hz, 2H), 2.25 (p] = 6.0 Hz, 2H), 2.02 (pJ

= 6.4 Hz,2H). °C NMR (101 MHz, CDCly): =190.82, 163.54, 156.73, 147.11, 139.42, 132.38, 132.16, 131.22,
130.43, 127.56, 126.00, 114.87, 113.34, 66.67, 65.784,683480, 50.76, 29.27, 29.22, 29.2%,41.IR (neat):
3=2929, 1688, 1600, 1508, 1357, 1253, 1162, 1035, 942, 831, 75GnTOHRMS (ESI): m/z 703.2158
[M+Na]* (calcd for GoH4NaOgS,: 703.2163.

S13



Compound S7.

O

gaae!
O/\/\OH

To a degassed solution $6(2.61 g, 14.4 mmol) in dry MeOH (90 mL) were addegNH2.00 mL, 14.4 mmol)

and ethyl trifluoroacetate (2.22 mL, 18.7 mmol). The solution was stirred for 2 h at room temperature. The
resulting solution was diluted with,B (100 mL) and brine (150 mL) ariden extracted with EtOAc (3 x 250

mL). The combined organic layers were dried over anhydroy$®jaand the solvent was removed under
vacuum. The crude material was purified by column chromatography, (SKBCl,/MeOH 96:4) toafford S7

(3.55 g, 89%) aa white solid. Mp. 81i 84°C.'H NMR (400 MHz, CDCly): i=7.20 (d,J = 8.6 Hz, 2H), 6.88 (d,
J=8.6 Hz, 2H), 6.72 (br, 1H), 4.44 (@= 5.7 Hz, 2H), 4.10 (1) = 6.0 Hz, 2H), 3.84 (1) = 5.9 Hz, 2H), 2.03 (p,
J=6.0 Hz, 2H), 1.85 (br, 1H}*C NMR (101 MHz, CDCL): =158.93, 157.18 (q] = 37.2 Hz), 129.59, 128.26,
116.01 (qJ = 287.8 Hz), 115.08, 65.87, 60.41, 43.56, 32165(neat):3=3300, 2948, 2878, 1697, 1555, 1513,
1188, 1167, 106&m™*. HRMS ESI): m/z 300.0824M+Na]* (calcd for G-H,,NOsF;Na: 300.0823.

Compound S8

O

el
o >"0Ts

To a degassed solution 87 (3.38 g, 12.2 mmglin anhydrousCH,Cl, (150 mL) were added B (6.80 mL,

48.8 mmol), TsCl (4.65 g, 24.4 mmol) and a catalytic amount of DMAP. The solutiostivas for 18 h at

room temperature and concentrated to dryness. The crude material was purified by column chromatograph:
(SiO,, CH,Cl,, to CHCl,/MeOH 98:2) to yieldS8 (5.24 g, 99%) as a white solid..mM 122 125°C. 'H NMR
(500MHz, CDCly): U=7.76 (d,J = 8.3 Hz, 2H), 7.27 (d] = 8.5 Hz,2H), 7.19 (d,J = 8.7 Hz, 2H), 6.77 (d] = 8.6

Hz, 2H), 6.48 br, 1H), 4.46 (d,) = 5.7 Hz, 2H), 4.24 (1) = 6.0 Hz, 2H), 3.96 (1) = 5.9 Hz, 2H), 2.39 (s, 3H),

2.12 (p,Jd = 6.0 Hz,2H). *C NMR (126 MHz, CDCly): i 158.69,157.13 (q,J = 37.3 Hz),144.95, 133.01,
129.98, 129.55, 128.32, 128.01116.01 (q,J = 287.9 Hz) 115.07 67.09, 63.42, 43.59, 29.02, 21.TR. (neat):

3=3323, 2934, 1688, 1517, 1358, 1251, 1166, 951,ctd48 HRMS (ESI'): m/z 454.0912]M+Na]* (calcd for
Ci1oH2o0NF30sSNa: 454.0912.

Compound S9

O

e
O/\/\ Br

Under an argon atmosphere, to a solutiols®{2.92 g, 6.77 mmol) in dry acetone (180 mL) was added LiBr
(5.88 g, 67.7 mmol). The suspension was stirred for 18 h at reflux and concentrated to dryness. The resultin
solid was dissolved in Ci&l,/H,O (1:1, 500 mL). Layers were separated and the aqueous one was extracted with
CH.CI, (2 x 250 mL). The combinedrganic phases were dried over anhydrousS&g and the solvent was
evaporated under vacuum. The crude material was purified by column chromatographZ ksifl,) to giveS9

(1.97 g, 86%) as a white solid..p 106 109°C. *H NMR (400 MHz, CDCl): (=7.22 (d,J = 8.6 Hz, 2H), 6.90
(d,J=8.6 Hz, 2H), 6.504r, 1H), 4.46 (dJ = 5.7 Hz,2H), 4.11 (t,J = 5.8 Hz,2H), 3.60 (t,J = 6.4 Hz,2H), 2.32

(p, J = 6.1 Hz,2H). *C NMR (126 MHz, CDCl): 1=158.89, 157.12 (q] = 36.9 Hz), 129.64, 128.30, 116.0f) (
J=287.9 Hz) 115.17, 65.56, 43.61, 32.40, 30.(R.(neat):3=3288, 16981551, 1515, 1248, 1181, 1159, 823,
754cm*. HRMS (ESI): m/z 338.0003Mi H]' (calcd for G,H;,NO,F;Br: 338.0003.
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Compound S1Q

To a degassed solution of triphenylmethanetf#éb mg, 3.46 mmol) in anhydrous THF (9 mL), in a wéter
bath, was added LiHMDS (1 M in THF, 3.50 mL, 3.46 mmol). The mixture was stirred & @intil the thiolate
precipitates (approximately 10 min)ul&equently, the suspension was allowed to warto upom temperature
and a degassed solution $9 (980 mg, 2.88 mmol) in dry THF (4 mL) was added. The mixture was further
stirred for 1 h at room temperature and was concentrated to dryness. The regultingas dissolved in GBI,

(100 mL) and washed with B (2 x 100 mL). The organic layer was dried over anhydroy$S®aand the
solvent was nmoved under reduced pressure. The crude material was purified by column chromatography (SiO
Hexane/CHCI, 20:80) to giveS10 (1.31 g, 85%) as a white solid..mM 1111113 °C. *H NMR (500 MHz,
CDCly): U=7.44 (m, 6H), 7.34i 7.19 (m, 11H), 6.84 (d,J = 8.6 Hz, 2H), 6.58l, 1H), 4.46 (d,J = 5.7 Hz, 2H),
3.92 (t,J = 6.2 Hz, 2H), 2.39 (tJ = 7.1 Hz, 2H), 1.84 (p) = 6.7 Hz, 2H)."*C NMR (126 MHz, CDCl):
U=158.97, 157.09 (q) = 36.9 Hz), 144.95, 129.70, 129.51, 127.99, 126.75, 115.99%R87.9 Hz) 115.11,
66.76, 66.44, 43.60, 28.54, 28.3B. (neat):3=3307, 3058, 2932, 1705, 1512, 1443246, 1202, 1172, 1033,
743, 700cm™. HRMS (ESI): m/z 558.1691[M+Na]* (calcd for G,HsNO,SF;Na: 558.169).

Compound 7

HZN/\©\ O Cﬂ

S10(1.95 g, 3.64 mmol) was dissolved in MeOH (30 mL) upon sonicaliban, a solution of NaOH (728 mg,
18.2 mmol) in HO (8 mL) was added. Thmixture was stirred for 20 h at room temperature. MeOH was
evaporated under reduced pressure and the resultimgrenivas diluted with FO/CH,Cl, (2:3, 150 mL). Layers
were separated and the aqueous one was extracted wi@i,{21x 100 mL). The combined extracts were dried
over anhydrous N&Q, and the solvent was removed under reduced pressure. The crude watepatified by
column chromatography (S}OCH,Cl,/MeOH 95:5, to CHCl,/MeOH/NH; (30% in HO) 90:10:2) to yieldr
(1.21 g, 76%) as light-yellow oil. '"H NMR (400MHz, CDCly): ii=7.44 (m, 6H), 7.2 7.19 (m, 11H), 6.80 (d,J

= 8.6 Hz, 2H), 3.90 (t) = 6.2 Hz,2H), 3.80 (s2H), 2.38 (t,J = 7.1 Hz,2H), 2.29 pr, 2H), 1.82 (p,J = 6.8 Hz,
2H). *C NMR (101 MHz, CDCly): U=157.96, 144.96, 129.68, 128.49, 127.95, 126.70, 114.71, 66.70, 66.39,
45.71, 28.58, 28.49R (neat):3=3056, 2925, 1609, 1510, 1488, 1444, 1243, 1033, 764,708&m". HRMS
(ESI): m/z 462.1869[M+Na]” (calcd for GoH,gNOSNa: 462.1868); 440.2042 [M+H](calcd for GoHzNOS:
440.2048)

Compound 8:
o
O O o/\/\s/\/\\sl/o/\/\o/EjA m !: :
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6 (1.66 g, 2.44 mmoland7 (1.07 g, 2.44 mmdlwere dissolved in degassed anhydrous MeOH/T345, 65 mLl)

upon sonication. Then, the solution was stirred for 24 h at room temperature, (&&HNg, 9.76 mmdlwas

added and the solution was further stirred for 24 h at reompérature. kO (50 mL) was added, the mixture was
stirred for 15 min and diluted with brine (100 mL). The resulting mixture was extracted wibl,G8 x 150

mL). The combined extracts were dried over anhydrousS@gaand the solvent was removed undecwam.
Subsequently,hie solid was dissolved in degassed,CHl (60 mL) and Et;N (1.00 mL, 7.19 mmol) and a
solution of BogO (691 mg, 3.17 mmol) in Ci&l, (5 mL) were added dropwise. The solution was stirred for 24 h

at room temperature and was concentrated to dryness. The crude material was purified by column
chromatography (Si§ CH,Cl,, to CHCIL/EtOAc 9%:4) to yield8 (2.34 g, 80%) as kght-yellow oil. '"H NMR
(500MHz, CDCly): t=7.42 (m, 6H), 72971 7.07 (m, 30H), 6.85 (dJ = 8.6 Hz, 2H), 6/7 (m, 4H), 4.45 (tJ=6.2

Hz, 2H), 4.28 br, 4H), 4.07 (t,J = 5.8 Hz, 2H), 4.01 (tJ = 5.9 Hz, 2H), 3.91 () = 6.1 Hz,2H), 335 (m, 2H),

294 (m, 2H), 2.73 (t) = 7.2 Hz,2H), 2.37 (t,J= 7.1 Hz,2H), 2.22 (pJ = 6.0 Hz,2H), 2.03 (p,J = 6.6 Hz,2H),

1.82 (p,J = 6.7 Hz,2H), 1.50 (s,9H). *C NMR (126 MHz, CDCl,): 1=158.19, 157.81, 156.74, 156.06, 147.12,
144.98, 139.36, 132.37, 131.280.77, 134, 129.72, 129.56, 128.00, 127.56, 126.74, 125.99, 114.64, 114.60,
113.34, 80.06, 67.13, 66.73, 66.35, 65.76, 64.43, 63.38, 50.67, 48.45, 48.37, 48.16, 48.09, 29.39, 29.20, 29.0
28.64, 28.47, 25.31R (neat):3=2928, 1688, 1610, 1510, 1361244, 1166, 764, 749, 7@2". HRMS (ESI):

m/z 1226.4707M+Na]" (calcd for G4H,/NOgS:Na: 1226.4709.

Compound 9:
0 o SO X
O O/\/\S/\/S o/\/\o O/\/\S/\/S\/

Note: Divinyl sulfone is very toxic by inhalation or contact with skin. It should only be handle inside -aewglhted
fumehood while wearingdequate gloves, lab coat and face protection to avoid skin contact.

Under an argon atmosphere, to a solutié8 ¢2.16 g, 1.79 mmdlin anhydrous CkCl, (80 mL) were added
CRCGO,H (15mL) and E£SiH (7 mL). The solution was stirred for 6 h at room temperature and was concentrated
to dryness. The crude was dissolved in toluene (70 mL) and the solvent was edapadatereduced pressure.
Then, the solid was dissolved in degassed@HB80 mL) and EMN (8 mL) and BogO (391 mg, 1.79 mmol)

were added. The mixture was stirred for 5 h at room temperature. Subsequently, divinyl sulfone (1.40 mL, 14.3
mmol) was addedral the solution was stirred for another 14 h at room temperature. The solvent was evaporated
under vacuum and the crude material was purified by column chromatograpbyQ8iGl,, to CHCI/EtOAC

98:2) to affordd (1.01 g, 52%) as kght-yellow oil. '*H NMR (500MHz, CDCly): U=7.27 i 7.08 (m, 21H), 6.85
(d,J=8.6 Hz, 4H), 6.76 (d] = 8.9 Hz, 2H), 6.64 (dd] = 16.6, 9.8 Hz, 1H), 6.45 (d,= 16.6 Hz, 1H), 6.17 (d]

= 9.8 Hz, 1H), 4.45 (1) = 6.1 Hz,2H), 4.28 pr, 4H), 40971 3.9 (m, 6H), 3.3 (M, 2H), 3.24 (m, H), 2.2 (m,

4H), 2.74 (n, 4H), 2.22 (p,J = 5.9 Hz,2H), 2.05 (n, 4H), 1.50 (s9H). °C NMR (126 MHz, CDCl): t=158.06,

157.82, 156.73, 156.03, 147.10, 139.35, 136.13, 132.35, 131.31, 131.20, 130.72, 130.47, 129.51, 128.97, 127.5
125.97,114.60, 113.33, 80.08, 67.12, 65.92, 65.77, 64.42, 63.40, 54.54, 50.66, 48.50, 48.19, 29.81, 29.37, 29.1¢
29.00, 28.96, 28.62, 25.35, 24.3R. (neat):3=2928, 1685, 1610, 1510, 1318, 1241, 1164, 764, 750ciF03

HRMS (ESI): m/z 1102.370§M+Na]” (cdcd for GgHeggNOoNaS,: 1102.3702.

Compound 10-PFg':

g +
‘ O\ (@] /©/\H/\©\ O\ /O
\ 7/ 2 N2
O O/\/\S/\/S\O/\/\O O/\/\S/\/S\/
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Note: HCI in E$O solution is corrosive and toxic by inhalation. It should be handled only inside-aemélhted fumehoad
When evaporating the reaction mixture, the exhaust gases of the vacuum pump must be directed to a fumehood witl
appropriate tubing.

To a solution o9 (519 mg, 0.480 mmol) in Ci&l, (30 mL) was added GEG,H (6 mL). The solution was
stirred for 5 h atoom temperature and was concentrated to dryness. The solid was then dissolved!irf{Z0H

mL) and HCI (2 M in EIO, 3.6 mL, 7.2 mmol) was added. The mixture was stirred for 3 h at room temperature.
The solvent was evaporated under reduced pressurae$hiéing solid was dissolved in GEl.,/acetone/HO

(4:5:5, 70 mL) and an excess of KRfas added. The mixture was stirred for 18 h at room temperature and was
diluted with HO (35 mL). The resulting mixture was extracted with,CH (3 x 50 mL) and the ambined
organic phases were dried over anhydrousSRa The solvent was removed under reduced pressure to give
10-PFR;' (456 mg, 84%) as a white solid..jM 154 156 °C (decomp.)'H NMR (500 MHz, CDCl,): U=8.49 6,

2H), 7.87 7.14 (m,19H), 7.10 (d,J = 8.8 Hz, 2H), 6.89 (d] = 8.2 Hz,4H), 6.75 (d,J = 8.6 Hz, 2H), 6.63 (dd]

=166, 99 Hz, 1H), 6.42 (dJ = 16.6 Hz, 1H), 6.18 (d] = 9.9 Hz, 1H), 4.41 (1) = 6.2 Hz, 2H), 4.81 3.87 (m,

10H), 3.3 (m, 2H), 318 (m, 2H), 2.2 (m, 2H), 2.8 (m, 2H), 2.72 (m, 4), 2.28 (m, 2H), 2. (m, 4H). **C

NMR (126 MHz, CDCl): i=159.82, 159.60, 156.76, 147.14, 139.41, 136.02, 132.39, 131.69, 131.51, 131.24,
127.58, 126.01, 122.35, 122.20, 115.33, 31366.98, 65.98, 65.84, 64.46, 63.52, 54.46, 53.12, 50.74, 49.48,
49.43, 29.33, 29.23, 29.05, 28.80, 25.38, 24R4neat):3=2932, 1655, 1611, 1515, 1250, 829, 749, @02.

HRMS (EST"): m/z 980.3353Mi PR']" (calcd for GHe:NOsS,: 980.3358.

Compound 13-PF':

99

/o 0\2
e (Oc . bOy1 d
ff 9 N/\]/ f 0
dd bb aa X w u "0 H HO “ h J \\S// | m
2 0T sy, s o [ ia: 0T OTTNYT TN
y v \é & i k n

10PR' (22 mg, 202(&molmg,am®@ e mol ) wWemlLpupahsomisatioh. Tredolvenh C |
was removed under vacuum and the syrup was dissolved in degassed CHCIO. The Imixturewas cooled to

0 °C and stirred for 1 h. To this solution were addetbgassed solution @l ( 11 mg, IMBCHCLEL1O® | )

¢ Lgnd a catalytic amount of DMAP. The solution was stirred for 72 h at 0 °C. Then, the solvent was evaporatec
under reduced pressure and the crude material was purified by gel permeation chromatograBbpd®io

SXi 1, CHCl,) to yield 13-PR' (24 mg, 66%)as a white solid. M. 165 168°C (decomp.)'H NMR (500MHz,

CDCly): U= 7.46 (br, 2H, H), 7.25i 7.15 (M, 19H, Kigir+ss), 7.09 (d,J = 8.8 Hz, 2H, ), 7.02 (t,J = 1.6 Hz,

1H, Hy), 6.931 6.80 (m, 8H, H.5), 6.76 (M, 8H, Hgipied, 4.44 (M, 6H, Hy.), 4.171 3.99 (M, 16H, H:hioru+dd,

3.75 (m, 8H, H), 3.461 3.26 (M, 14H, Hixy+y), 3.187 2.72 (M, 12H, Hmiwixsaasbd, 2.19 (M, 2H, K, 2.06 (m,

6H, Huvicd, 1.31 (S, 18H, K. °C NMR (126 MHz, CDCly): U= 15952, 159.29, 158.45, 156.7852.38, 148.97,
147.67, 147.13, 139.31, 132.35, 131.22, 130.96, 127.56, 125.98, 124.11, 123.87, 121.97, 121.62, 115.25, 114.7
113.37, 113.05, 108.95, 71.31, 70.84, 70.31, 70.07, 69.43, 68.53, 67.34, 66.19, 65.88, 64.44, 63.57, 53.92, 53.8
52.13, 50.7235.13, 31.60, 29.83, 29.43, 29, 29.09, 28.97, 28.80, 25.32, 23.96, 23185 (neat):3=2937,

1655, 1590, 1506, 1275, 1256, 1214, 1180, 1121, 1055, 951, 841, 7641 730RMS (ESI): m/z 1708.7335
[MiPR']" (calcd for GsH1»NO,-Ss: 1708.7318.
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Compound S11

OMSNSwSMOgBmOMO S\/\S/\/\O O O

To a degassed soluti@(54 mg, 0.049 mmgland11 (28 mg, 0.10 mmol) in CHG(3 mL) wereadded 2 drops

of EtN. The solution was stirred for 18 h at room temperature and was concentrated to drynessdd@he
material was purified by column chromatography SiCH,Cl,, to CHCI/EtOAc 97:3) to affordS11(61 mg,
90%) as avhite syrup *H NMR (500 MHz, CDCL): i=7.27 i 7.07 (m, 21H), 7.04 (t) = 1.7 Hz, 1H), 6.85 (dJ

= 8.6 Hz,4H), 6.77 (m, 4H), 4.45 (tJ = 6.1 Hz, 2H), 4.28k, 4H), 4.D7 3.9 (m, 8H), 3.3 (m, 2H), 328 (m,

4H), 2.95 M, 6H), 2.8 1 2.70 (M, 6H), 2.22 (pJ = 6.0 Hz, 2H), D5 (M, 6H), 1.50(s, 9H), 1.32(s, 18H). **C
NMR (126 MHz, CDCly): (=158.39, 158.07, 157.8456.74, 156.03, 152.41, 147.11, 139.35, 132.35, 131.21,
130.74, 130.47, 129.52, 128.97, 127.325.98, 115.33, 114.61, 113.34, 108.90, 80.07, 67.12, 65.95, 65.77,
65.72, 64.43, 63.40, 53.83, 53.81, 50.68, 48.49, 48.15, 35.12, 31.58, 29.82, 29.40,29@3RR12, 29.01,
28.63, 25.37, 24.12, 24.0IR (neat):3=2948, 1687, 1608, 1591, 1510, 1242, 1164, 1119, 1038, 82&n703
HRMS (ESI): m/z 1382.557dM+Na]" (calcd for GeHg,NO1:SsNa: 1382.5563.

Compound S12PFg':

99

ff ee P
dd bb aa \S/ g n s m o
O/\/\S/\/ \/\S/\/\O O/\/\O \/\S/\n/\o

ToasolutionoS11( 7 mg, 5. LCle(2miLjwasadded@EDH (500 e€L). The sol
for 2 h at room temperature and was concentrated to dryness. The solid was then dissoly€t} {3 @) and

HCI (2 M in E&O 40 ¢ L, asédidedsTheosblytionwas stirred for 3 h at room temperature. The solvent
was removed under reduced pressure. The resulting solid was dissolvegOl/&kEtone/HO (4:5:5, 14 mL)

and an excess of KRWas added. The mixture was stirred for 18 h at room temperature and was diluted with
H,O (10 mL). The resulting mixture was extracted with,CH (3 x 10 mL) and the combined organic layers
were dried over anhydrous pRO,. The solvent was evaporated undacuum to gives12PR' (6 mg, 83%) as a

white solid. Mp. 151 153°C (decomp.)'H NMR (500 MHz, CDCly): U=8.49 @r, 2H, H), 7.351 7.14 (m, 19H,
Harerrvs+d), 7.10 (d,J = 8.5 Hz, 2H, ), 7.03 (s, 1H, k), 6.87 (d,J = 6.7 Hz, 4H, H), 6.75 (M, 4H, H..d, 4.39

(t, J=6.1 Hz, 2H, K, 4.10i 3.83 (M, 12H, Bcihrorurad, 3.34 (M, 2H, K, 3.281 3.19 (m, 4H, H.,), 3.001 2.86

(M, 6H, Hixtag), 2.821 2.66 (M, 6H, Hwson), 2.17 (M, 2H, B, 2.107 1.97 (M, 6H, Hiscd, 1.31 (S, 18HHy).

¥C NMR (126 MHz, CDCly): U=158.45, 156.78, 152.45, 147.15, 147.10, 139.42, 136.40, 132.45, 132.39, 131.86,
131.81, 131.25, 127.58, 126.02, 115.36, 115.28, 113.40, 108.97, 67.01, 66.02, 65.88, 65.81, 64.48, 63.54, 53.7
50.79, 49.40, 35.16, 32.081.61, 29.86, 29.51, 29.46, 29.35, 29.26, 29.08, 28.97, 25.38, 24.09, 24.05|R2.84.
(neat):3=2920, 2850, 1608, 1514275, 1256, 843, 764, 750n’. HRMS (ESI"): m/z 1260.5226[Mi PR/']*

(calcd for GiHgoNOoSs: 1260.5219.
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Compounds12, 14H" and 15from the cleavage of rotaxanel3-PF;':

5

4
g9

/o 0\2
c+ b
ff ee 1
o bh 22 \\S// gHZ + ] + _O\\S/Q | m o
14-H* \o o 15

Under an Ar atmosphere, to a solutionl8fPR' ( 1 8 mg, 9norfanhydmodCHCI; (2 mL) was added

MgBr,( 18 mg, 97 emol ) . The s us p¢tmgeiatare. The sadvenswas remoeed  f
under vacuum. The resulting solid was dissolved in GECimL) and EfN ( 14 ¢ L, 97 emol )
solvent solution was stirred for 10 min and filtel

reduced pressure and the crude was purified by gel permeation chromatograpBedB&SXT1 1, CHCL,) to
yield an equimolar fraction of4-H*/15 (10 mg, 70%)* as a white solid and a mixed fraction If with Et;N.
The latter was purified by columrhromatography (Si§) CH,Cl./MeOH 95:5) to affordl2 (4 mg, 92%) as a
white solid.

12: *H NMR (500 MHz,CDCly): {i=6.89 (s8H, Hu.s), 4.16 (br,8H, Hs), 3.91 (t,J = 4.3 Hz,8H, H,), 3.82 (s8H,
H,). HRMS (ESI): m/z 471.1992M+Na]” (calcd for G,H3,0sNa: 471.1995. Characterization data matclotie
of thecommercially available compound.

14-H*/15 (1:1): *H NMR (500MHz, CDCly): U= 9.19 (br,2H, H.), 7.40 (d,J = 8.1 Hz, 4H Hy.o), 7.251 7.14 (m,

15H, Husr), 7.08 (d,J = 8.9 Hz, 2H H,), 7.03 (t,J = 1.7 Hz, 1H Hy), 6.88 (M, 4H H.g), 6.75 (M, 4H Hped,

4.097 3.94 (M, 8H, Hysorurad, 3-85 b, 4H, Huvo), 3.53 (,J = 6.4 Hz, 2H H;), 3.3 3.00 (M, 6H, Hyuys), 3.041

2.66 (M, 12H, Himewsxraasn)s 2.25 (pJ = 6.1 Hz, 2H H), 2.04 (, 6H, Hyivicd, 1.31 (S,18H, Hyp). °C NMR (126

MHz, CDCL): U= 159.52, 158.27, 156.77, 152.30, 147.03, 139.08, 132.20, 131.89, 131.87, 131.11, 127.46,
127.43, 125.85, 122.27, 115.21, 115.00, 113.26, 108.78, 66.07, 65.84, 65.62, 65.33, 64.31, 53.70, 53.65, 48.7
46.13, 32.22, 31.94, 30.95, 29.87, 29.72, 29.38, 28.97, 28.87, 23.87.

14-H*: HRMS (ESI'): m/z 822.2892Mi PR;']* (calcd for GiHeNBrOsSs: 822.2895).
15: HRMS (ESF): m/z 517.1507 [M{ (calcd for GgH»40,S,: 517.1507).

* As seen in théH NMR spectrumghe cleaved thread is isolated in its protonated fdraH") after removal
under reduced pressure of the solvents and, therefore, triethylandngel permeation chromatography (Figure
S5c¢). This counterintuitive result can be explained by the-lzasé equilibrium being displaced towards the
protonated dibenzylammonium motif upon removal of the amine base under vaduuitis way, we repeate
the cleavage following the same procedure but with an additional treatment of the mixture With &mn
exchangeesin resulting in the isolation of a mixture of deprotonatdénd15 (Figure S5g).

Compound S13
99

ff
dd bb aa ‘é Q/\ /\Q

ee

Unde Ar, to a solution o511( 20 mg, 15 &@kd2 ML) was addkd MgBr2Hmg, 0.15 mmol).
The suspension was stirred for 48 h at room temperature. The solvent was evaporated under reduced pressure ¢
the crude material was purified by column chromatography.(SiB,Cl/EtOAc 96:4) to affordS13(13 mg,
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96%) as a white syp.'H NMR (500 MHz, CDCJ): U=7.13 br, 4H, Hq,Ho), 7.03 (t,J = 1.7 Hz, 1H Hy), 6.85
(m, 4H, H,Hy), 6.75 (dJ = 1.7 Hz, 2H He9), 4.28 br, 4H, Hy,Ho), 4.127 4.02 (m, 6H, Hp,H,,Hag), 3.61 (1,J=6.4
Hz, 2H H), 3.27 (M, 4H, Hy,H,), 2.97 br, 4H, H,Ha), 2.79 (n, 4H, Hy,Hyp), 2.32 (p,J = 6.1 Hz, 2H H)), 2.07
(p, J = 6.3 Hz, 4H H,,H), 1.50 (S,9H,Hius0), 1.31 (s, 8H,Hy). °C NMR (126 MHz, CDG)): U=158.41,
158.08, 156.08, 152.44, 130.54, 129.54, 128.98, 115.35, 114.68, 114.62, BOBOIR,65.97, 65.75, 65.50,
53.87, 53.84, 48.49, 48.20, 35.15, 32.54, 31.60, 30.17, 29.43, 29.26, 29.22, 29.15, 28.65, 24.1B, (2é4t).
3=2959, 2923, 1688, 1610, 1591, 1511, 929241, 1164, 1119, 1037 ¢mHRMS (ESI): m/z 944.3236
[M+Na]" (calcd for GeHegsNO;S;NaBr: 944.3239).

Compound 14-H*-PF':

99

f
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ToasolutionofS13( 11 mg, 1 2,Clg(2rol) was added GBOH (500 e€L). The sol
for 2 h at room temperature and was concentratedyteess. The solid was then dissolved in,CH (2 mL) and

HCI (2 M in EtO, 90 e¢eL, 0.18 mmol) was added. The sol uti
solvent was removed under reduced pressure. The resulting solid was dissolve@lyecdbne/HO (4:5:5, 14

mL) and an excess of KPWwas added. The mixture was stirred for 18 h at room temperature and was diluted
with H,O (10 mL). The resulting mixture was extracted with,CH (3 x 20 mL) and the combined organic
extractswere dried over anfirous NaSO,. The solvent was evaporated under vacuuyighl 14-H"-PR' (11

mg, 95%) as a white solid. \. 173 175°C (decomp.)'H NMR (500 MHz, CDCly): 1=8.43 (br, 2H H,), 7.33

(m, 4H, Hg.o), 7.03 (br, 1H Hx), 6.88 (d,J = 5.8 Hz, 4H Hyg), 6.75(S, 2H, Hed), 4.091 3.97 (M, 6H Hpyrad),

3.91 (m, 4H Hp.o), 3.55 (t,J = 6.4 Hz, 2H H)), 3.24 (m, 4H H,.,), 2.991 2.68 (M, 8H Hy:x:aasnd, 2.27 (p,J =

6.0 Hz, 2H H;), 2.10i 1.99 (m, 4H H,.co), 1.31 (S, 18K Hgyy). *°C NMR (126 MHz, CDCly): =159.61, 158.29,
152.30, 147.00, 131.66, 131.10, 127.43, 122.16, 115.22, 115.13, 113.24, 108.81, 65.85, 65.66, 65.39, 53.6!
53.65, 35.00, 32.2231.93, 31.46, 29.36, 29.11, 28.94, 28.84, 28.51, 23.95, 23.92, 2R.€Aeat):3=2919,

1611, 1515, 12751260, 1180, 1030, 843, 764, 7661". HRMS (ESI): m/z 822.2895[Mi PR ]* (calcd for
C41HeiNOsS;Br: 822.2895.

Compound 14:

99

ff
dd bb aa \u/ g /\Q

ee

To a solution ofS13( 1 3 mg, 1 4,Clg(2rall) was added GBO.H ( 500 ¢ L) .waslstired s o |
for 2 h at room temperature and was concentrated to dryness. The solid was then dissolv&Li(RClhL)

and washed with NaOH (¥, 10 mL). The organic phase was dried over anhydroyS®iaThe solvent was
evaporated under vacuum to yididl (11 mg, 95%) as a white syrujtd NMR (500 MHz, CDCJ): U= 7.25 (d,J

= 7.9 Hz, 4HHg.d), 7.03 (t,J = 1.7 Hz, 1HHy), 686 (M, 4H, H¢g), 6.75 (dJ = 1.6 Hz, 2HH.g), 4.107 4.03 (m,

6H, Hh+u+ad, 3.73 (S, 4KH,.), 3.60 (t,J = 6.5 Hz, 2HH)), 3.26(m, 4H Hy.,), 2.96(m, 4H, Hy.a9, 2.78(m, 4H,

Husp), 2.31 (pJ = 6.1 Hz, 2HH;), 2.1071 2.03 (M, 4H Hysco), 1.31 (s, 18HHy). *°C NMR (126 MHz, CDGJ):
U=158.40, 158.9, 158.01, 152.43, 129.77, 129.74, 115.35, 114.62, 114.57, 108.91, 65.90, 65.73, 65.48, 53.81,
52.24, 35.15, 32.54, 31.60, 30.19, 29.85, 29.41, 29.24, 29.20, 29.12, 24.11. IR3¢2&2%, 1591, 1510, 1428,

1298, 1244, 1116, 1039 824 ¢nHR-MS (ESI): m/z 822.290gM+H]" (calcd for G;Hs;NOsS:Br: 822.2895).
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Assembly of pseudorotaxane 12+1BF

Under Ar,10-PR' (14.4 mg, 12.&mol) and12 (71 mg, 63.%mol) weredissolvend inCDCl; (0.6 mL). The
resulting suspensiowas sonicatedor 3 min and stirred until a clear solution was formggbi€ally 48-72 h).
The resulting solution was analyzed'ByNMR spectroscopy.

In situ unidirectional transport of the macrocycle 12

Under Ar,a mixture oflO-PR' ( 36 mg, 3 22(% mg,0.16 maol)in CDGK1.5 mL)was sonicated

for 3 minand stirred at room temperature uitimplete dissolution of the reagents and full complexation was
observed byH NMR. Theresultingsolution was cooled to 0 °C and stirred for 1 h. To tHistism were added a
degassed solutiondfl ( 18 mg, 6 BClLy m®dI0) ¢iLhp @nd a catalytic amou
stirred at 0 °Ctypically 72 h) and then at room temperature (usually 2dnii) no signal of the vinyl sulfone
moiety was observed OYMR. The resulting solution was allowed to warm up to room temperature and, MgBr
(59 mg, 0.32 mmol) was added. The suspension was stirred for 48 h at room temp&naalicgiot of 0.6 mL

was t&en andilteredth r ough a Obef@anaysis. f i | t er

Subsequentlyto the remainingsuspensio{0.9 mL) was addeELN (26 € L Q.19 mmol) was addedand he
mixture was stirred foBO min at room temperatur&he addition ofEt;N (26 € L , 19 fmol) was repeated and
the mixture stirred additionally for 30 mifihe mixture wadilteredth r o ugh a Obef@@anaysis. f i | t e

The unidirectional transport process was monitored and analyzéth ByMR and HRMS throughout the
experiment
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2. Additional Supporting Figures

2.1. Additional stack plots and NMR spectra
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Figure SL: *H NMR (CDCly) spectum of: a) DB24C8 (500 MHZz) b) Pseudorotaxane assembled frb®PF;
(ca.20 mM) and12 (5 equiv) (400 MHz)c) Threadl0-PFR' (500 MH2). A comparison between spectra b and ¢
shows that the signals of Hd and He (green signals at 7.3 ppm) in the free thread are no longer present in the
pseudorotaxane, supporting full complexati@tween the dibenzylammonium derivative and DB24C8.
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Figure S2: '"H NMR (400 MHz,CDCls) spectum of a mixture ofthread10-PR;' (ca.20 mM) and macrocyclé?2
(5 equiv) showing the integration of the diagnostic signals that support the full complexation into the
pseudorotaxane.
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Figure S3: 'H NMR (500 MHz, DMSO-d,) spectra of: apB24C8. b)Rotaxanel3-PR; . ¢) Thread10-PF;' .
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Figure S4: DOSY NMR (500 MHz, DMSO-ds) experimenbf rotaxanel3-PF;' .
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Figure S5: Cleavage and disassembly of rotaxad®ePFs . ag) '"H NMR (400 MHz, CDCJ) spectra of: a)
Rotaxan€el3-PFR'. b) Crude mixture of the reaction of rotaxd®ePR' with MgBr, after the addition of BN. ¢)
1:1 mixture of 14-H" and stoppet5 obtained after purificatioh.d) Compoundl4-H"-PF;'. e)Macrocycle12
obtained purificationf) Macrocyclel2. g) Mixture of 14 and stoppel5 obtained after purificatioand treatment

with DOWEX 550A (OH) resin. h)*H NMR (500 MHz, CDC}) spectra otompoundl4.

* As seen in théH NMR spectrumthe cleaved thread is isolatéufact in its protonated forn{14-H") after
removal under reduced pressofahesolvents and, therefor&jethylamine and gel permeation chromatography
(Figure S5c) This counterintuitive resultan be explained by the adidse equilibriunbeingdisplaced towards
the protonated dibenzylammonium motif upon removal of the amine bak wacuuni® In this way, we
repeated the cleavage following the same procedure but with an additional treatment of the mixtur@©with an

ion exchangeesin resulting in the isolation of a mixture of deprotonatdéndl15 (Figure S5g).
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Figure S6: In situunidirectional transport experiment of macrocytPePartial'H NMR (CDCk) spectra of: a)
Macrocyclel2 (500 MHz). b) Thread precurs&f-PF;' (500 MHz). ¢) Mixture ofl0-PR' (21 mM) and12 (5
equiv) (400 MHz). d) Mixture c 96 h after the addition of stogdeand DMAR.. (400 MHz). e) Mixture d
stirred for 48 h in the presence of MgBnd for additional 60 min after the addition ofNE{400 MHz). g)14

(500 MHz). The sigal marked with an asterisk correspond to the excess of DB24C8
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Figure S7: In situunidirectional transport experiment of macrocytPePartial'H NMR (CDCE) spectra of: a)
Macrocyclel2 (500 MHz). b) Thread precurs@f-PFR' (500 MHz). c) Mixture ofl0-PR' (21 mM) and12 (5
equiv) (400 MHz). d) Mixture c 96 h after the addition of stogdeand DMAR.. (400 MHz). e) Mixture d
stirred for 48 h in the presence of MgBnd for additione60 min after the addition of Bt (400 MHZz). g)14

(500 MHZz). The signalmarked with an asterisk correspond to the excess of DB24C8
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Figure S8: '"H NMR (400 MHz,CDCl;) spectum of thein situunidirectional transpoetxperiment after stirring
a mixture ofl0-PR;' (ca.20 mM) and macrocyclé2 (5 equiv) for showing the integration of the diagnostic
signals that support the full complexation into the pseudorotaxane.
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2.2. HRMS spectraof the unidirectional transport process
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Figure S9: HRMS (EST) spectrum ofhein situunidirectional transpoeixperimenbf macrocyclel 2 after

stirring 10-PRs' and12for 72 h,showingthe signakorresponding tenacrocyclel2: m/z 471.1999M+Na]”
(calcd for G4H3NaOg: 471.1995.
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Figure S10: HRMS (ESI) spectrum ofhein situunidirectional transpogxperimenbf macrocyclel2 after
stirring 10-PR;' and12for 72 h showing a peak corresponding to thré@ePR;' : m/z 980.3387[Mi1 PR']"
(caled forCsHg:NOgS,: 980.3358 and pseudorotaxari@+12-PF;' : m/z 1428.5527[Mi PR/']* (calcd for
C78H94NO]_GS4: 14285455
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Figure S11. Experimentalbottom) and theoretical (top) isotopic distribution thoe [M 1 PR']"ion of
pseudorotaxan&0+12-PF;' obtained during then situunidirectional transpoexperiment
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Figure S12 HRMS (ESI) spectrum ofhein situunidirectional transpotxperimenof macrocyclel2 96 h
after the addition of stoppéf and DMAP, showingthe peak corresponding the excessnacrocyclel2: m/z
4712005[M+Na]" (calcd for G4Hs,NaQy: 471.1995)
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Figure S13: HRMS (EST) spectrum ofhein situunidirectional transpoetxperimenbf macrocyclel2 96 h
after the addition of stopp&d and DMAP, showingthe signaktorresponding tootaxanel3-PR;': m/z
1708.7%4[Mi PFR']" (calcd for GsH1.NO47Ss: 1708.7316).
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Figure S14: Experimental (bottom) and theoretical (top) isotopic distributiortfefM1 PR']" ion of rotaxane
13-PFR' obtained during thin situunidirectional transpoexperiment.
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Figure S15: HRMS (ESI') spectrum ofhein situunidirectional transpogxperimenof macrocyclel248 h
after the addition of MgBr showingthepeak corresponding the excess ahacrocyclel2 m/z 4712010
[M+Na]" (calcd for G4HsNaO;s: 471.1995)
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Figure S16: HRMS (ESI) spectrum ofhein situunidirectional transpoetxperimenof macrocyclel248 h
after the addition of MgBr showinga peak corresponding fwseudorotaxan&2+14-H"-PR': m/z 12705002
[M7PFRs']" (calcd for GsHoaNBrO;5S;: 1270.499%.
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Figure S17: Experimental (bottom) and theoretical (top) isotopic distributiortfefM1 PR']"ion of
pseudorotaxang2+14-H'-PFs' obtained during thi situunidirectional transpoeixperiment.
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Figure S18 HRMS (ESI) spectrum othein situunidirectional transpogxperimenbf macrocyclel248 h
after the addition of MgBr showingthe signakorresponding tetopperl5: m/z 517.15@ [M]' (calcd for
C30H2904SZ: 5171507)
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Figure S19: Experimental (bottom) and theoretical (top) isotopic distributionitfefM] ' ion of stopperl5
obtained during thim situunidirectional transpogxperiment.
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3. NMR spectra of newcompounds
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Figure S20: *H NMR (400 MHz, CDC}) spectrum o054
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Figure S21: °C NMR (101MHz, CDCl) spectrum oS4
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Compound 11:
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Figure S22: '"H NMR (400 MHz, CDC}) spectrum ofL1.
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Figure S23: *C NMR (101MHz, CDC}) spectrum of.1.
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Compound 2:
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Figure S25: *C NMR (126 MHz, CDCL) spectrum of.
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Compound 3:
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Figure S26: '"H NMR (400 MHz, CDC}) spectrum oB.
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Figure S27: *C NMR (101MHz, CDCL) spectrum oB.
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Figure S28: 'H NMR (400 MHz, CDC}) spectrum ob.
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Compound 6:
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Figure S30: '"H NMR (400 MHz, CDC}) spectrum of.
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Compound S7.
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Figure S32: '"H NMR (400 MHz, CDC}) spectrum o857
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Mixture of compounds 14-H*/15 (1:1):
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Figure S62 *C NMR (126 MHz, CDCk) spectrum of mixture of compound44-H'/15 (1:1) obtained from the
cleavage of rotaxant3-PF; .
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Figure $63: COSYNMR (500 MHz, CDC}) spectrum of mixture of compound44-H'/15 (1:1) obtainedfrom
the cleavage of rotaxani8-PF;'.

Figure S64: HSQCNMR (500 and 126MHz, CDCk) spectrum of mixture of compound44-H'/15(1:1)
obtained from the cleavage of rotaxd®PFR;'.
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