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Experimental
2,4-Dihydroxy-3",5 -dimethylbenzophenone (3)

o o AICl3,

O OH
OH SOCl,, DMF cl Resorcinol O
OH
3

SOCI; (12.0 mL) and DMF (1 drop) were added to 3,5-dimethylbenzoic acid (3.00 g,
20.0 mmol) and then the mixture was heated under reflux overnight. Evaporation of the
excess SOCI, and DMF gave the crude acid chloride, which was dissolved in
nitrobenzene (70 mL) and added to a suspension of resorcinol (2.97 g, 27 mmol) and
AICl3z (10.7 g, 80 mmol) in nitrobenzene (40 mL) at O °C. The mixture was heated at
65 °C overnight. After cooling, the mixture was treated with 10% HCI (aq) (80 mL) and
filtered through Celite. The organic phase of the filtrate was separated, washed with
water and sat. NaCl (aq), dried (Na:SOs4), and concentrated (nitrobenzene was
evaporated through distillation). The solid residue was washed with hexane to afford a
pale-yellow solid (2.95 g, 54%). *H NMR (600 MHz, acetone-ds) : 2.35 (s, 6H), 6.38—
6.41 (m, 2H), 7.21 (br s, 2H), 7.23 (br s, 1H), 7.49 (d, J = 8.0 Hz, 1H), 9.70 (br s, 1H),
12.67 (s, 1H). 3C NMR (125 MHz, acetone-dg) &: 21.2, 103.7, 108.6, 113.3, 127.1,
133.6, 136.8, 138.7, 139.3, 165.8, 167.1, 201.0.

The 'H and *C NMR spectra of 3 were identical to those reported previously.

5-(N-tert-Butoxycarbonylamino)-1-pentyl p-Toluenesulfonylate (4)
NH, NHBoc

W Boc,0 W TsCl NHBoc
HO - —— W
HO TsO
S1 Et;N

4
A solution of 5-amino-1-pentanol (3.10 g, 30.0 mmol) and di-tert-butyl dicarbonate
(7.20 g, 33.0 mmol) in tetrahydrofuran (THF; 20 mL) was stirred overnight at room
temperature. After evaporation of the solvent, the residue was dissolved in EtOAc. The
solution was washed with water and sat. NaCl (aq), dried (Na2SOas), and concentrated to
afford the crude carbamate S1. Tosyl chloride (6.86 g, 36 mmol) was added portionwise
to a solution of crude S1, EtsN (4.55 g, 45.0 mmol), and N,N-dimethylaminopyridine
(DMAP; 367 mg, 3.00 mmol) in CH2Cl> (40 mL) at 0 °C. After stirring for 4 h at room
temperature, the mixture was treated with water and the aqueous phase extracted with
CH2Cl,. The combined extracts were washed with water and sat. NaCl (aq), dried
(Na2S0s4), and concentrated. The residue was chromatographed (SiO2; hexane/EtOAc,
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2:1) to give a white solid (8.96 g, 84%).H NMR (500 MHz, CDCls) &: 1.30-1.37 (m,
2H), 1.39-1.48 (m, 11H), 1.62-1.70 (m, 2H), 2.46 (s, 3H), 3.01-3.11 (m, 2H), 4.02 (t, J
= 6.3 Hz, 2H), 4.48 (br s, 1H), 7.35 (d, J = 8.3 Hz, 2H), 7.79 (d, J = 8.3 Hz, 2H). 13C
NMR (125 MHz, CDCls) 6: 21.6, 22.6, 28.3, 28.4, 29.3, 40.1, 70.3, 79.0, 127.8, 129.8,
133.0, 144.7, 155.9.

The 'H and *C NMR spectra of 4 were identical to those reported previously.?
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Figure S1.H NMR spectra (600 MHz, D20) of mixtures of 5b (1 mM) and o-CD (0-
10 eq). (a) 5b at 25 °C, (b) mixture of 5b and a-CD (1 eq) at 25 °C, (c) mixture of 5b
and a-CD (6 eq) at 25 °C, (d) mixture of 5b and a-CD (10 eq) at 25 °C, (e) sample (d) at
5 °C, (f) sample (d) at 1 °C. Red circle: pseudorotoxanes; ®: a-CD. Partial spectra of

Figure S1 are shown in Figure 2.
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Figure S2. 'H NMR spectra (600 MHz, DMSO-ds, 25 °C) of (a) the dumbbell-shaped
molecule 6, (b) the [2]rotaxane 1, and (c) the [2]rotaxane 2.
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Figure S3. HPLC analysis of the [2]rotaxanes 1 and 2. Peaks at 45 and 50 min are
assigned to the [2]rotaxanes 1 and 2, respectively.

HPLC conditions
Column: Wako Wakosil-11 5C18 HG Prep (20 mm x 250 mm)
Eluent: Water/MeCN (4:1)
Flow rate: 12 mL/min
Temperature: ambient temp.
Detection: 250 nm (UV)
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Figure S4a. COSY spectrum (600 MHz, DMSO-ds, 25 °C) of the [2]rotaxane 1.
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Figure S4b. ROESY spectrum (600 MHz, DMSO-ds, 25 °C) of the [2]rotaxane 1.



i=)
I
]

(0]

(01 03 05 0.7 0.0

abundance

L=

24

T T
e ot
2TEPUNGE

T T T T T
a9 0L TL L L

uojosg  uorg Jod sped 0 g

21

212

23

X parts per Million : Proton

10



40
B

g T C@
.3 O@H C(H] cH
= o e ey @
ial fym |
(=)
) b
a itﬁn . g
C(H
(=) =1 g
& : | c(5,6)H
© l C@)H
e h
- i o@B)H
® (OH

5.0
i
]

. C
. O(3)H
& ° oM

RRRSRBRASARRASN LA RARS AR
50 4.0 3.0 20 0 0102030405 0
X : parts per Million : Proten bundance

¥ - parts per Million - Proton

abundance

=3

7.0

Y . parts per Million : Proton
3.0
r 1
3

USRI DL ILR LI ILRL L I I UL L I B
82 81 80 79 F8 77 OVEé Vs 74 73 7Tl OT0 69 68 67 46 45 A4({01 03050709
X parts per Million : Proton abundance

Figure S5a. COSY spectrum (600 MHz, DMSO-ds, 25 °C) of the [2]rotaxane 2.
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Figure S6a. Partial *H NMR spectra [600 MHz, CD3sCN/DMSO-ds (9:1), 25 °C] of
mixtures of the [2]rotaxane 1 (0.5 mM) and BusNOAc (0-30 eq).
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The NMR titration experiments were performed twice.
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Figure S9. UV/Vis absorption spectra of the dumbbell-shaped molecule 6 [10 uM in
CH3CN/DMSO (9:1), room temperature] in the presence of BusNOAc (0-500 eq).

19



OH- —0eq 0.2eq
(a) << —04eq —006eq

—08eq —1leq
1.2eq l4eq

——1l6eq —18eq

2eq 22eq

24eq 26eq

28eq 3eq
4eq Seq

Geq =——8eq

250 300 350 400 450 500
Wavelength (nm)

b) -
02
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02

250 300 350 400 450 500

Wavelength (nm)

02
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

250 300 350 400 450 500
Wavelength (nm)

Figure S10. UV/Vis absorption spectra [10 puM, CH3CN/DMSO (9:1), room
temperature] of (a) the [2]rotaxane 1 in the presence of BusNOH (0-8 eq), (b) the
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Figure S11. UV/Vis absorption spectra [10 uM in CH3CN/DMSO (9:1), room
temperature] of (a) the [2]rotaxane 1, (b) the [2]rotaxane 2, and (c) the dumbbell-shaped
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Figure S13a. Partial *H NMR spectra [600 MHz, CDsCN/DMSO-ds (9:1), 25 °C] of the
[2]rotaxane 2 (0.5 mM) in the presence of BusNOMs (0—1250 eq).
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Figure S13b. Simulation of titrations of the [2]rotaxane 2 and BusNOMs using BindFit.
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Figure S14a. Partial *H NMR spectra [600 MHz, CDsCN/DMSO-ds (9:1), 25 °C] of the
dumbbell-shaped molecule 6 (0.5 mM) in the presence of BusNOMs (0—930 eq).
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Figure S14b. Simulation of titrations of the dumbbell-shaped molecule 6 and
BusNOMs using BindFit.
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Figure S15. UV/Vis absorption spectra of (a) the [2]rotaxanes 1, 2, and the
dumbbell-shaped molecule 6 [10 uM in CH3CN/DMSO (9:1), room temperature] and
(b) the [2]rotaxanes 1 and 2 [10 uM in H2O/DMSO (9:1), room temperature].
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Figure S16. UV/Vis absorption spectra [10 uM in H.O/DMSO (9:1), room temperature]
of (a) the [2]rotaxane 1 and (b) the [2]rotaxane 2 in the presence of BusNOAc (0-150

eq).
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Figure S17a. *H NMR (600 MHz, acetone-dg) spectrum of compound 3.
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Figure S19a. *H NMR (600 MHz, CDCls) spectrum of compound 5a.
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Figure S20b. *C NMR (125 MHz, CD3;0D) spectrum of compound 5b.




OH
O,

s
261
g T
Wy —
———
—=
107
=
_ T — |
601 Lo : t
e HT—
7o¢ ;
(1o W ]
—

10EL 3

a0
P

U T T T T T T T T T T
0T oe0 80 L0 90 0 F0 £0 F0 00
2TEPUNGE

X parts per Million : Proton
Figure S21a. *H NMR (600 MHz, DMSO-ds) spectrum of the [2]rotaxane 1.

Nl

W 1A A

gl }

=
=1

= fa il d
Fo— 100

T SECET

o 9T 6T
F& = wroz

— SLUAE

0 500 400

L )

Im =LY
Fo ey

L —— LEAE

EEL 6D

— wers
— eres
T SRR

— =i

CIOTOT
Q05 70T
FITEOT
EHUEOT
00701

=N 0]

~— Ggat

M —Z pto At

L R =
It
o T mE et

B

_
= a0l 8l
Eo QET 8T
m I/ bt |
ST Al

T
oo %0 =0 W0 &l

0

— SOELST

0 1800 150

1ot
== co¥rol

—— L0L00E

2100 2000 1800 1800 170

£

T
z0

E: pats per Million : Cathond 3

Figure S21b. 3C NMR (150 MHz, CD30D) spectrum of the [2]rotaxane 1.

31



0.7

0.6

400
L

0.6

035
300

200
X

03
I N
(thousandths)
0 100

0.1

abundance

0

] O OH
5 () U iﬁ)\
E (o) N" TN
] H H

X parts per Million : Proton

Figure S22a. *H NMR (600 MHz, DMSO-ds) spectrum of the [2]rotaxane 2.
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Figure S22b. 3C NMR (150 MHz, CD30D) spectrum of the [2]rotaxane 2.
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Figure S23a. 'H NMR (600 MHz, DMSO-ds) spectrum of the dumbbell-shaped
molecule 6.
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Figure S23b. C NMR (125 MHz, DMSO-ds) spectrum of the dumbbell-shaped
molecule 6.
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