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Abstract

Three new hydroxyl-functionalized secondary benzyl ammonium salts were synthesized and complexed with
dibenzo-24-crown-8. Three [2]semirotaxanes and then their two [2]rotaxanes with two different stoppers
were prepared successfully by reactions of the hydroxyl groups with bulky reagents. X-ray analysis of a single
crystal of a [2]semirotaxane confirmed its structure. The formation of the [2]semirotaxanes can be reversibly
controlled by adding KPFs and 18-crown-6 sequentially. These new unsymmetrical [2]rotaxanes afford a way
to prepare planar chiral rotaxanes and related supramolecular systems.

Q@Joc@ ey

o PFg
_ @[O d 5 b
oo 9 oji>

Keywords: Semirotaxane, rotaxane, self-assembly, supramolecular chemistry

DOI: https://doi.org/10.24820/ark.5550190.p011.456 Page 1 ©AUTHOR(S)



https://doi.org/10.24820/ark.5550190.p011.456
mailto:hwgibson@vt.edu

Arkivoc 2021, vi, 0-0 Niu, Z. et al.

Introduction

In supramolecular chemistry, pseudorotaxanes,® which consist of linear molecular components (“guests”)
threaded through macrocyclic components (“hosts”), are key building blocks for more sophisticated
constructs, including polymeric analogs.®*? In solution the linear guest dethreads and rethreads as a result of
the dynamic equilibrium between the pseudototaxane and its two components. If a bulky stopper, whose size
is bigger than the central cavity of the cyclic host, is applied to one end of the linear guest, a semirotaxane is
afforded (Figure 1). If bulky stoppers are attached at both ends of the linear guest, a rotaxane is formed.
Similar to pseudorotaxanes, semirotaxanes are important parts of supramolecular chemistry research because
this is the route to mechanically interlocked systems that cannot dethread without covalent bond cleavage.
Such interlocked structures have been widely used in molecular machines %24 and systems that can be
controlled by external stimuli,?>2¢ such as electrochemistry,?”:28 pH, 2831 etc.3233

It has been known for more than two decades that dibenzo-24-crown-8 (DB24C8) and its derivatives
form stable pseudorotaxanes with secondary ammonium salts driven by hydrogen bonding and ion-dipole
interactions in low-polarity solvents, 343> such as acetone and acetonitrile. These systems have been widely
employed in the preparation of pseudorotaxanes, rotaxanes and catenanes. The conversion of
pseudorotaxanes to rotaxanes must always proceed via the semirotaxane, but this is often done in one step
using an excess of the stoppering agent.

We became interested in construction of rotaxanes with unsymmetrical guests, i. e., bearing two
different stoppers. Such rotaxanes can be chiral if the host is unsymmetrically substituted.3¢3° This is
exemplified in Figure 2. This is an intriguing prospect as a means of controlling/varying stereochemical
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Figure 1. Cartoon representations of a pseudorotaxane, a semirotaxane and a rotaxane.
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Figure 2. Cartoon representation of the enantiomers of a planar chiral DB24C8-based rotaxane.

Thermodynamically controlled self-assembly is a desirable approach for rotaxane synthesis that takes
advantage of a labile bond between the guest molecule and the end stopper groups. The reversibility of this
bond allows for threading by the host molecule via chemical equilibrium. If the stoppering reactions are
reversible, the yield of the rotaxane is dependent solely upon its stability in relation to all the other
components in the mixture. Figure 3 illustrates this approach in a cartoon schematic.

Figure 3. Cartoon representation of reversible attachment of stoppers. If the rotaxane is the lowest energy
species, it will be thermodynamically favored.

Stoddart and co-workers used reversible imine bond-formation and other methods to construct so-
called dynamic [2]rotaxanes.?®*?  Takata and co-workers reported the thermodynamic synthesis of
rotaxanes based on reversible tritylative endcapping of pseudorotaxanes having thiol or hydroxyl functionality
4344 and reversible thiol-disulfide reactions.*>*® Similar work with endcapping was published Tokunaga et al.*’
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In the present work, new hydroxyl-functionalized secondary ammonium salts were synthesized and
complexed with dibenzo-24-crown-8 to form semirotaxanes and thence converted to [2]rotaxanes. The
hydroxyl group of one of the guest species was endcapped via tritylation to form a thermodynamically stable
unsymmetrical [2]rotaxane.

Results and Discussion

1. Ammonium salts

Guests 5 and 9 were designed as model components for planar chiral supramolecular structures. The new
ammonium salts 5 and 9 were synthesized via efficient, multi-step reaction sequences: first imine formation
from the corresponding aldehydes 2 and 6 with amines, then reduction of the imines 3 and 7 to secondary
amines 4 and 8, which in turn were converted to the secondary ammonium salts by standard methods
(Schemes 1 and 2). Their structures were confirmed by NMR spectroscopy, mass spectrometry and elemental
analysis.
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Scheme 1. Syntheses of p-(2’-hydroxyethoxy)benzyl)-3”,5" -dimethoxybenzylammonium tetrafluoroborate
(5a) and hexafluorophosphate (5b): a) 2-chloroethanol, K,COs, ethanol, reflux; b) 3,5-dimethoxybenzyl amine,
TsOH, toluene, Dean-Stark trap, reflux; c) NaBHs, methanol, reflux; d) HBF4, ether, rt; e) HCI, rt then NH4PF¢/
H2O0.
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Scheme 2. Synthesis of 2,5-dimethoxybenzyl-5’-hydroxypentylammonium hexafluorophosphate (9): a) TsOH,
toluene, Dean-Stark, reflux; b) NaBH4, methanol, rt; c) HCI, ethyl acetate, then NH4PFs/H>0, rt.
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A single crystal of salt 9 was subjected to X-ray crystallographic analysis, which indicates a quasi-planar
structure in which the aminoalcohol substituent adopts the expected linear zig-zag conformation (Figure 4).
Hydrogen bonds between a fluorine atom of the PFs counterion with both N-H protons of the ammonium ion
(b and c) and a benzylic C-H proton bonding to the same fluorine (d) coupled with an inter-ion bond between
the ether oxygen of the 2-methoxy moiety (a) and an N-H proton hold the cation in a relatively rigid
conformation.

Figure 4. X-ray crystal structure of ammonium salt 9. Distance/Angle a: O----H 2.11 A, O----H-N angle 128 °; b:
H----F 2.17 A, N-H-----F 124 °; ¢: H--—-F 2.85 A, N-H-----F 77.3 °; d: H----F 2.59 A, C-H--—--F 112°°,

2. Semirotaxanes

There are two different extremes of exchange rates for complexation relative to the 'H NMR time scale: fast
and slow exchange. In fast exchange only one peak is observed for each non-equivalent proton in the host
and guest; it is a time-averaged signal of the complexed and uncomplexed species. In the fast exchange
regime, association constants are calculated by using the change in chemical shifts. In slow exchange
complexation, two signals are observed for each non-equivalent proton. One signal is observed for each non-
equivalent proton in the uncomplexed species and new signals correspond to the complexed species. The
relative concentrations of uncomplexed and complexed species can thus be calculated using peak integration
values in some cases.*®4°

a. Semirotaxane 10 from DB24C8 and secondary ammonium BF4 salt 5a

The new salt 5a was complexed with dibenzo-24-crown-8 (DB24C8)(Scheme 3). The expected COSY
correlations for the starting materials were observed (see SM, Figures S21 and S22). Then a solution of
DB24C8 and 5a was subjected to the NOESY protocol. Figure 5 shows the partial NOESY NMR spectrum of the
slow exchange system. In addition to the COSY correlations for Hec with Hs, and Hgc with Hee, and Hee with Hy,
two important NOESY correlations occur for Hsc (7.2 ppm) with Hac (3.8 ppm), and Hc (6.5 ppm) with Hac (3.8
ppm). These through-space couplings of the B-protons of the complexed crown ether with the aromatic
protons of the complexed guest demonstrate the formation of semirotaxane 10.
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Scheme 3. Synthesis of semirotaxane 10 from host DB24C8 and guest 5a.
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Figure 5. Partial 'H NMR NOESY spectrum of BF4 salt 5a + DB24C8 (10 mM each, CDsCN).
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b. Semirotaxane 11 from DB24C8 and secondary ammonium PFg salt 5b

The complexation of 5b with DB24C8 (Schene 4) was studied via NMR spectroscopy (Figure 6), which revealed
slow exchange in CD3CN. One method for analysis of slow exchange systems is the single point method. This
method is not always an appropriate method, however; if the complex is not ion paired and the guest salt is
ion paired, detailed studies as a function of concentration are required, as noted previously.*®*° In the case of
11 an apparent association constant was determined by integration of the complexed and uncomplexed v-
proton signals of DB24C8 and the complexed and uncomplexed aromatic protons of the guest species (Hrand
Ht) in 10 mM solutions of host and guest: average Kaexp (1.1 = 0.4) x 10> M (see SM, Figure S16). This
relatively low Kj value can be attributed to the electron donating quality of the p-hydroxyethoxy moiety.

o o o o - H\NéH
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Scheme 4. Synthesis of semirotaxane 11 in CD3CN from host DB24C8 and guest 5b.
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Figure 6. Stacked 'H NMR spectra (CD3CN, 400 MHz, ambient T) of a) DB24C8; b) DB24C8 + 5b (10 mM each);
and c) 5b.
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c. Semirotaxane 12 from DB24C8 and secondary ammonium PFg salt 9

The complexation of DB24C8 with 9 was studied by 'H-NMR. Upon mixing 9 and DB24C8 in acetone-ds
(Scheme 5), the signal corresponding to proton Hy shifted upfield, whereas signals of Hi, Hq and Hg shifted
downfield (Figure 7). It is noteworthy that in contrast to the slow exchange observed for dibenzyl ammonium-
based semirotaxanes 10 and 11, here the complexation dynamics are fast; this is probably due the contrasting
benzyl-n-pentyl ammonium guest structure, which provides less steric hindrance for threading and
dethreading. These observations indicated that stable complex 12 between 9 and DB24C8 had formed. The
ESI-MS confirmed the formation of the [2]semirotaxane 12 (see SM, Figure S18). A peak corresponding to [M-
PFs]* was found. No other related peaks were observed.
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Scheme 5. Synthesis of semirotaxane 12 from host DB24C8 and guest 9.
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Figure 7. Partial 'H NMR spectra (400 MHz, acetone-ds, 25 °C) of DB24C8 (bottom), equimolar solution of
DB24C8 and ammonium salt 9 (middle) and guest 9 (upper).
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Similar to the other reported dibenzo crown/secondary ammonium salt-based pseudorotaxanes,*® the
complexation was controlled by alternately adding KPFs and 18-crown-6 (18C6) to the solution. As shown in
Figure 8, when excess KPFs was added to a solution of 9 and DB24C8, the [2]semirotaxane 12 was dissociated.
Hi1 shifted upfield to the position corresponding to that of free 9 and Hq, Hg and H, shifted to the positions
corresponding to those of unbound DB24C8. Then when 18C6 was added, [2]semirotaxane 12 was
regenerated and all the peaks shifted back to their original positions. This is due to the facts that 1) DB24C8
binds KPFs much more strongly than ammonium salt 9, but 2) 18C6 in turn binds KPFs very strongly, but does
not interact strongly with ammonium salt 9.>°
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Figure 8. Partial 'H NMR spectra (400 MHz, acetone-ds, 25 °C) a) equimolar (1 mM) solution of DB24C8 and 9.
b) prior solution after addition of KPFs (1.2 equiv). c) prior solution after addition of 18C6 (1.2 equiv). d)
equimolar DB24C8 and KPFs. e) guest 9.

X-ray analysis of a single crystal of the semirotaxane complex 12 (Figure 9) indicates that the it is
stabilized by hydrogen bonds between the oxygen atoms of host DB24C8 and the NH protons as well as the
benzylic protons of guest 9. As expected, the bulky dimethoxyphenyl unit is much larger than the cavity of
DB24C8. Therefore, if another bulky stopper is applied to the hydroxyl end of the linear guest in the semi-
rotaxane, a [2]rotaxane will be formed.
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~

Figure 9. Two views of the X-ray structure of semirotaxane 12. DB24C8 is red. 9 is blue. Hydrogen atoms are
green. Solvent molecules, minor disordered carbon and hydrogen atoms, except the ones involved in
hydrogen bonding, have been omitted for clarity. Hydrogen bonds in the right hand structure were omitted
for clarity. Selected hydrogen-bond parameters: H-O(N) distances (A), C-O(N) distances (A), C-H-~O(N) angles
(deg): a 2.705, 3.586, 154.5; b 2.569, 3.374, 138.4; ¢ 2.264, 2.980, 134.3; d 2.328, 3.177, 153.2.

3. [2]Rotaxanes
a. Model tritylation
The model reaction was conducted using the BF4 salt 5a and trityl tetrafluoroborate to form the second

stopper group (Scheme 6). The product was isolated as a white solid in a disappointing 39% yield, which most
likely could be improved by use of a weaker base.*® Figure 10 shows the 'H NMR spectrum of model dumbbell

13.
—0
TS 05@
5a + (C6H5)3C+ BF4- —> \_Qio_—/_
b
—© 13

Scheme 6. Synthesis of trityl ether 13: a) 1/1 CHCl3/CHsCN, rt, 24 h; b) 10% NaOH (ag.) wash; 39%.

b. Rotaxane 14 from DB24C8 and secondary ammonium salt 5a

+ DB24C8 b

N® O0—cC
5a + (CgHs)sC*BF, —— o/ \

Scheme 7. Synthesis of [2]rotaxane 14 from DB24C8 and guest 5a: a) 1/1 CHCI3/CHsCN, rt, 24 h; b) 10% NaOH
(ag.) wash; 32%.
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The synthesis of the rotaxane 14 was conducted in the same way using the BF,4 salt 5a, DB24C8, and
trityl tetrafluoroborate. Figure 10 shows the 'H NMR spectra of 13, 14, and DB24C8. Note that the workup
involved washing with base to halt the equilibration process and permanently install the trityl end group as
with model dumbbell 13; however, in the case of the rotaxane, treatment with base does not lead to
deprotonation as demonstrated in similar systems.>* The benzylic proton signals are shifted downfield from
the amine 13 as in the semirotaxane 10 (Figure 6), indicating that the guest is still protonated. Small signals at
7.50, 7.02 and 6.61 ppm indicate that dumbbell 13 was present as an impurity. However, the rotaxane
structure was confirmed by mass spectrometry (see SM, Figure S20).
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Figure 10. Stacked *H NMR spectra (CDsCN, 400 MHz, ambient T) of trityl ether 13, rotaxane 14, and DB24C

After determining the COSY correlations (see SM, Figure S23), a NOESY spectrum was obtained for
rotaxane 14 (Figure 11). In addition to the COSY correlations, through-space correlations occur between Hp of
the crown ether (3.8 ppm) with H¢ (7.2 ppm) and with Hc (6.5 ppm) of the linear guest. Since here there are no
uncomplexed signals and these couplings are identical to those observed for the complexed signals
corresponding to semirotaxane 10 (Figure 6), this spectrum proves that this compound is indeed a rotaxane.
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Figure 11. Partial NOESY 'H NMR spectrum of rotaxane 14 (2/3 CDsCN/CDCls, 400 MHz, 23 °C).

c. Rotaxane 15 from DB24C8 and 9

An equimolar mixture of 9 and DB24C8 in dry dichloromethane (DCM) was treated with 3,5-dimethoxyphenyl
isocyanate (Scheme 8). After purification, [2]rotaxane 15 was obtained as a waxy solid, whose structure was
confirmed by mass spectrometry (see SM, Figure S25).
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Scheme 8. Synthesis of [2]rotaxane 15 from DB24C8 and guest 9 by in situ stoppering of semirotaxane 12: a)
dry CHCl; (DCM), b) 3,5-dimethoxyphenyl isocyanate, di(n-butyl)tin dilaurate, 23 °C, 2 days.

The 'H NMR spectrum of rotaxane 15 (Figure 12) displays signals for the methylene protons adjacent to
the ammonium site in the linear guest and - and B-protons of the crown ether that are shifted downfield as in
the semirotaxane 12 and likewise the BE-protons are shifted upfield (Figure 7). Note also that, as expected
because of the asymmetry of the linear guest,>>°3 the ethyleneoxy protons on the two diastereotopic faces of
the crown ether are now non-equivalent and each set now is split into two groups, e. g., Hz1 and Hgy, for the
eight B-protons. In retrospect note that this same situation obtains in the case of rotaxane 14; however, the
two sides of the guest ammonium species are both aromatic and this apparently leads to lack of a large
difference between the two faces of the crown ether, whereas with 15 one side of the guest is aromatic and

the other

Figure 12.
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Conclusions

New secondary ammonium salts were complexed with dibenzo-24-crown-8 to form [2]semirotaxanes and
converted to [2]rotaxanes. The formation of [2]semirotaxanes can be turned off and on by adding KPFs and
18-crown-6, respectively. [2]Rotaxane 14 was synthesized from hydroxyl-functionalized guest 5a and DB24C8
using a thermodynamically driven approach to form the stable trityl ether product, although in disappointingly
low yield. Hydroxyl-functionalized secondary ammonium salt 9 with DB24C8 produced [2]semirotaxane 12,
whose single crystal X-ray analysis confirmed its structure. The corresponding [2]rotaxane 15 was prepared in
satisfactory yield by reaction with 3,5-dimethoxyphenyl isocyanate. The use of these unsymmetrical guests
with mono- (or unsymmetrically) substituted dibenzo-24-crown-8 derivatives will afford planar chiral
[2]rotaxanes and related supramolecular systems.

Experimental Section

General. All starting materials were used as received from commercial sources. All solvents were HPLC grade.
Melting points were taken in capillary tubes and are uncorrected. 'H NMR spectra were obtained on 400 MHz
Varian or Inova or JEOL Eclipse Plus 500 MHz spectrometers with tetramethylsilane as an internal standard;
13C NMR spectra were obtained on the same instruments. Elemental analyses were performed by Atlantic
Microlabs of Norcross, GA. High resolution fast atom bombardment mass spectra (HR FAB MS) were obtained
on a JEOL Model HX 110. Electrospray ionization (ESI) mass spectrometry utilized Agilent HP121 and HP921
TOF instruments using acetonitrile as solvent.

p-(2’-Hydroxyethoxy)benzaldehyde (2). 4-Hydroxybenzaldehyde (1, 10.00 g, 0.0819 mol) and 2-chloroethanol
(6.09 mL, 0.0909 mol) were added with 95% ethanol (215 mL) to a 500 mL round bottom flask equipped with
magnetic stirrer and condenser. Potassium carbonate (15.89 g, 0.115 mol) was added and the mixture was
refluxed for 3 days. The solvent was removed to yield a viscous yellow oil, which was dissolved in ethyl
acetate and washed with water (3 x 100 mL), 10% NaOH (3 x 75 mL), water (2 x 75 mL), and brine. The organic
layer was dried over sodium sulfate. The solvent was removed to yield a viscous yellow oil, 11.74 g (86 %).
Vicens et al. obtained the product as a yellow oil in 62% yield using acetonitrile as solvent.”* 'H NMR (400
MHz, CDCls, ambient T, Figure S1) & (ppm): 9.9 (s, 1H), 7.85 (d, J 9, 2H), 7.05 (d, J 9, 2H), 4.2 (t, J 4, 2H), 4.0 (t, J
4, 2H). HR FAB MS (Figure S2): [M + H]* m/z 167.0705 (calcd. for CoH1003 m/z 167.0703, error 1 ppm).
p-(2’-Hydroxyethoxy)benzylidene-3”,5”-dimethoxybenzylamine (3). p-(2’-Hydroxyethoxy)benzaldehyde (2)
(20.92 g, 0.126 mol) and toluene (450 mL) were added to a 1 L round bottom flask equipped with Dean-Stark
trap, condenser and nitrogen inlet. 3,5-Dimethoxybenzylamine (21.07 g, 0.126 mol) and tosylic acid (<0.01 g)
were added to the solution and the mixture was refluxed for 36 h. The solvent was removed via
rotoevaporation to yield an off-white solid, which was recrystallized from hexane/ethyl acetate to yield an off-
white crystalline solid, 38.10 g (96 %), mp 92-96 °C. 'H NMR (400 MHz, CDCls, ambient T, Figure S3) 8 (ppm):
8.4 (s, 1H), 7.83 (d, J 9, 2H), 7.05 (d, J 9, 2H), 6.60 (d, J 2, 2H), 6.43 (t, J 2, 1H), 4.75 (s, 2H), 4.25 (t, J 4, 2H), 4.00
(t, J 4, 2H), 3.70 (s, 6H). Elem. anal., calcd. for C1gH21NOa: C 68.55; H 6.73; N 4.44; found (duplicate): C 68.61,
68.52; H6.76, 6.67; N 4.36, 4.48.
N-[p-(2’Hydroxyethoxy)benzyl]-3”,5”-dimethoxybenzylamine (4). Schiff base 3 (2.00 g, 6.34 mmol) and
methanol (30 mL) were added to a 50 mL round bottom flask equipped with a magnetic stirrer. Sodium
Page 14 ©AUTHOR(S)



Arkivoc 2020, part _, 0-0 Niu, Z. et al.

borohydride (0.480 g, 12.7 mmol) was added slowly to the solution and the mixture was refluxed for 16 h. The
solvent was removed via rotoevaporation to yield a white solid. The solid was suspended in water and
extracted with CHCl; twice. The organic layers were combined, washed with brine, dried over Na;SO4 and
concentrated to afford a light yellow liquid that solidified upon standing. The product was recrystallized from
ethyl acetate, 1.83 g (91 %), mp 92-93 °C. 'H NMR (400 MHz, CDCls, ambient T, Figure S4) & (ppm): 7.27 (d, J
9, 2H), 6.90 (d, J 9, 2H), 6.51 (d, J 2, 2H), 6.35 (t, J 2, 1H), 4.10 (t, J 4, 2H), 3.95 (t, J 4, 2H), 3.30 (s, 6H), 3.32 (s,
4H). Elem. anal., calcd. for C1gH23NQOa4: C 68.12; H 7.30; N 4.41; found (duplicate): C 68.22, 68.29; H 7.43, 7.28;
N 4.51, 4.42.

N-[p-(2’-Hydroxyethoxy)benzyl]-3”,5”-dimethoxybenzyl ammonium tetrafluoroborate (5a). Secondary amine
4 (1.83 g, 5.77 mmol) was partially dissolved in ethyl ether/ethyl acetate and HBF4 (54 wt. % in Et20) (1.19 mL,
1.41 g, 8.65 mmol) was added to the solution. A precipitate formed. The mixture was stirred 24 h and filtered
to yield a light yellow solid, 1.66 g (71 %), mp 102-105 °C. *H NMR (400 MHz, CDsCN, ambient T, Figure S5) &
(ppm): 7.41 (d, J 9, 2H), 7.05 (d, J 9, 2H), 6.61 (d, J 2, 2H), 6.58 (t, J 2, 1H), 4.20 (t, J 6, 2H), 4.13 (t, J 6, 2H), 4.09
(t, J 4, 2H), 3.80 (m, 8H). HR FAB MS (Figure S6): [M - BF4]* m/z 318.1714 (calcd. for C1sH2sNO4 m/z 318.1700,
error 4.4 ppm).

N-p-(2’-Hydroxyethoxy)benzyl-3”,5”-dimethoxybenzyl ammonium hexafluorophosphate (5b). Secondary
amine (4) (5.00 g, 0.0158 mol) was added to 2M HCI (12 mL, 0.024 mol) and a precipitate immediately formed.
The mixture was stirred under nitrogen for 2 days and rotoevaporated to yield a light brown solid (mp 85-87
°C), which was dissolved in water and NH4PFs was added until no more product precipitated. The off-white
product was filtered and dried in a drying pistol, 7.15 g (98 %), mp 122-125 °C. *H NMR (400 MHz, CDsCN,
ambient T, Figure S7) é (ppm): 7.42(d,J9, 2H), 7.0, (d, /9, 2H), 6.64 (d, J 2, 2H), 6.59 (t, J 2, 1H), 4.23 (m, 4H),
4.09 (t, J 4, 2H), 3.84 (t, J 4, 2H), 3.8 (s, 6H). HR FAB MS (Figure S8): [M - PFs]* m/z 318.1699 (calcd. for
C18H24NO4 m/z 318.1700, error 0.3 ppm).

5-[(2’,5’-Dimethoxybenzylidene)amino]pentanol (7). 2,5-Dimethoxybenzaldehyde (2.0 g, 12 mmol) was
dissolved in toluene (20 mL) and the solution was put into a 500 mL flask equipped with a condenser and a
Dean-Stark trap. 5-Amino-1-pentanol (1.2 g, 12 mol) in toluene (5 mL) was added to the flask dropwise. The
solution was refluxed for 2 days. The solvent was removed and a brown oil was obtained. A short silica gel
column was used to purify the crude product, yielding a yellow oil (2.90 g, 96%). *H-NMR (CDCl3, 500 MHz,
Figure S9): & 8.64 (s, 1H), 7.46 (d, J 3 Hz, 1H), 6.93 (m, 1 H), 6.83 (d, J 8 Hz, 1H), 3.80 (s, 3H), 3.78 (s, 3H), 3.62
(m, 4H), 2.31(s, 1H), 1.72 (m, 2H), 1.59 (m, 2H). ESI MS (Figure S10): [M]* m/z 251.1521 (calcd. for C14H21NO3
251.1521, error: 0 ppm).

5-(2’,5’-Dimethoxybenzyl)aminopentanol (8). Schiff base 7 (2.8 g, 11 mmol) was dissolved in MeOH (20 mL).
NaBHz (1.0 g, 28 mmol) was added slowly to the solution in small portions (important!). The solution was
refluxed for 20 h and the solvent was removed. The product was partitioned between H,O and DCM; the
aqueous phase was washed with DCM. The combined organic phase was washed with H,0 and NaCl (aqg. sat.)
and dried over Na;SO4. After solvent was removed, a yellow oil was obtained (2.64 g, 94%). *H-NMR (CDCls,
500 MHz, Figure S11): 6: 6.80 (d, J 3 Hz, 1H), 6.76 (m, 2H), 3.76 (s, 3H), 3.74 (s, 3H), 3.71 (s, 2H), 3.56 (t, J 6 Hz),
2.57 (t, J 6 Hz), 1.53 (m, 4H), 1.37 (m, 2H). ESI MS (Figure S12): [M]* m/z 253.1678 (calcd. for C1sH23NO3
253.1678, error: 0 ppm).

N-(5’-Hydroxypentyl)-2,5-dimethoxybenzylammonium hexafluorophosphate (9). N» gas was bubbled
through a flask containing HCl (37% aq.) and then into an ethyl acetate (EA) solution of amine 8 (5.0 g, 20
mmol) for 3 h. The white solid that precipitated was collected by filtration and washed with EA. The solid was
dissolved in DI H,0 and excess NH4PFs (9.67 g, 59.2 mmol) was added. The resulting precipitate was collected,
washed with DI H,0 and dried in a vacuum oven: 6.3 g (81%) of colorless solid, mp 85.0-86.0 °C. *H-NMR
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(CD3CN, 500 MHz, Figure S13): § 7.00 (m, 2H), 6.93 (d, J 3 Hz), 4.12 (s, 2H), 3.85 (s, 3H), 3.76 (s, 3H), 3.51 (t, J 6
Hz, 2H), 3.01 (t, J 6 Hz, 2H), 1.71 (m, 2H), 1.53 (m, 2H), 1.40 (m, 2H). 33C-NMR (CDsCN, 125 MHz, Figure $S14): &
153.62, 151.94, 119.20, 117.67, 115.72, 111.89, 61.20, 55.64, 55.50, 47.94, 47.72, 31.56, 25.16, 22.48. ESI MS
(Figure S15): [M - PFg]* m/z 254.1756 (calcd. for C14H24NO3, 254.1751, error: 2 ppm).

Semirotaxane 12: ESI MS of an equimolar solution of DB24C8 and 9 (Figure S18): [M - PFe]* m/z 702.3847
(calcd. for C3gHssNO11702.3848, error: 0.1 ppm).
N-p-(2’-Triphenylmethoxyethoxy)benzyl-3”,5”-dimethoxybenzylamine (13). Ammonium tetrafluoroborate
salt 5a (0.200 g, 0.494 mmol), trityl tetrafluoroborate (0.165 g, 0.593 mmol), and CHCI3/CHsCN (0.75 mL, 1/1)
were added to a 5 mL round bottom flask and stirred at room temperature for ~24 h. The solvent was
removed to yield a viscous yellow product. The product was treated with 10% NaOH and then dissolved in
CHCIs and washed with 10% NaOHq) (3 x 3 mL) and water (2 x 3 mL). More chloroform was added. The
product precipitated and the solvent was decanted off to yield a white residue, 0.12 g (39 %), mp 155-157 °C.
IH NMR (400 MHz, CD3CN, ambient T), 8 (ppm): 7.62 (d, J 8, 6H), 7.50 — 7.21 (m, 19H), 7.05 (d, J 9, 2H), 6.61 (d,
J2,2H), 6.58 (t,J 2, 1H), 4.2 (t, J 6, 2H), 4.13 (t, J 6, 2H), 4.09 (t, J 4, 2H), 3.8 (m, 8H). HR FAB MS (Figure S19):
[M + H]* m/z560.2807 (calcd. for C37H3sNO4 m/z 560.2796, error 2.0 ppm).

Rotaxane 14. Ammonium tetrafluoroborate salt 5a (0.200 g, 0.494 mmol), trityl tetrafluoroborate (0.165 g,
0.593 mmol), DB24C8 (0.266 g, 0.593 mmol) and CHCI3/CHsCN (0.75 mL, 1/1) were added to a 5 mL round
bottom flask and stirred at room temperature for 24 h. The solvent was removed to yield a tacky viscous
product that was dissolved in CHClz and washed with 10% NaOH@q) (3 x 3 mL) and water (2 x 3 mL). The
solvent was evaporated from the organic phase and the white crystalline product was dried under vacuum,
0.17 g (32%), mp 130-132 °C. H NMR (400 MHz, CDsCN, ambient T) 8 (ppm): 7.62 (d, J 8, 6H), 7.60 — 7.20 (m,
13H), 7.0-6.8 (m, 8H), 6.68 (d, J 8, 2H), 6.54 (d, J 2, 2H), 6.27 (t, J 2, 1 H), 4.70 (bs, 2 H), 4.57 (bs, 2 H), 4.10 (m, 8
H), 3.91 (t, J 8, 2H), 3.81 (m, 10H), 3.71 (M, 8H), 3.60 (m, 6H); small signals at 7.50, 7.02 and 6.61 correspond
to signals in dumbbell 13, indicating its presence as an impurity. HR FAB MS (Figure S20): [M - BF4]* m/z
1008.4884 (calcd. for Ce1H70NO12 1008.4893, error 0.9 ppm).

[2]Rotaxane 15. Ammonium salt 9 (300 mg, 0.751 mmol) and DB24C8 (352 mg, 0.786 mmol) were dried in a
drying pistol with P,0s at 65 °C overnight. The solid mixture was dissolved in DCM (20 mL) and stirred under N;
for 10 h. 3,5-Dimethoxyphenyl isocyanate (161 mg, 0.899 mmol) and di(n-butyl)tin dilaurate (51.5 ul) were
added to the solution, which was stirred at RT for 2 days. The mixture was submitted to a silica gel column
(hexanes/EA 1/1, then DCM:MeOH 97/3) and a waxy solid (585 mg, 76%) was obtained, mp 64.0-65.0 °C. 1H—
NMR (CDCls, 400 MHz): 6: 7.13 (br, 3H), 6.95 (s, 2H), 6.90 (m, 8H), 6.75 (m, J 3 Hz, 1H), 6.70 (m, 2H, H2), 6.15
(d, J 3 Hz, 1H), 4.53 (s, 2H), 4.25 (m, 4H), 4.09 (m, 4H), 3.86 (m, 8H), 3.76 (s, 6H), 3.67 (m, 12H), 3.46 (m, 4H),
3.31 (m, 2H), 1.42 (m, 2H), 1.30 (m, 2H), 1.08 (m, 2H). 33C-NMR (100 MHz, CDCls, Figure S24): & 161.05, 153.52,
153.16, 151.55, 147.46, 140.10, 121.62, 121.14, 117.57, 114.83, 112.50, 111.14, 96.54, 95.68, 77.25, 77.00,
76.74, 70.72, 70.18, 68.00, 64.21, 55.57, 55.37, 55.36, 49.13, 48.20, 28.11, 25.84, 22.74. 29.76 (grease). ESI MS

(Figure S25): [M - PFsh]+ m/z 881.4417 (calcd. for C47HesN2014 881.4430, error: 1.5 ppm).
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