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Polyslipping: A New Approach to Polyrotaxane-like Assemblies
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“Polyslipping”, that is, multiple slipping of dumbbell com-
ponents into macrocyclic ones having the appropriate size com-
plementarity, of bis-ammonium salt 1 and bis-crown ether 5 in
acetone or acetonitrile afforded polyrotaxane-like assembly 6,
which quantitatively reverted to the monomers 1 and 5 by dis-
solving in DMSO.

Rotaxanes are compounds comprised of macrocyclic and
dumbbell components.! A slipping method is a way to prepare
rotaxanes under thermodynamic conditions, which relies on the
size complementarity between the endcaps and macrocycles
(Scheme 1).2 Heating a solution of a macrocycle M and a
dumbbell D to an elevated temperature where the energy barri-
ers of dipping-on and slipping-off processes are overcome, an
equilibrium between the newly formed rotaxane-like assembly
R and the free components M and D is achieved. On cooling
the solution down, the energy required for both the slipping-on
and dlipping-off processes cannot be overcome, thereby making
R kinetically stable.®> We propose herein “polyslipping”, a new
protocol that is an extension of the slipping method to the syn-
thesis of polyrotaxane-like assemblies. In this paper, we report
the synthesis of polyrotaxane-like assemblies taking advantage
of the size complementarity between 24-crown-8 ether and
cyclohexyl group.224
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Scheme 1. Schematic illustration of the slipping and
polyslipping approach.

Prior to polyslipping, double slipping was examined as a
model reaction. A mixture of bis-secondary ammonium salt 1°
(6 pmol) and dibenzo-24-crown-8 2 (12 umol) in acetone-dg
(0.6 mL) was heated at 40 °C in an NMR tube, and the reaction
was monitored by TH NMR. Two new sets of signals appeared
in the 'H NMR spectrum, which were assigned to those of
[2]rotaxane-like assembly 3 and [3]rotaxane-like assembly 4.
The system reached equilibrium after 70 days, where the yields
of 3 and 4 were calculated to be 45% and 30%, respectively,
from the 'H NMR spectrum. The assemblies 3 and 4 were iso-
lated with preparative GPC from the mixture in 41% and 32%
yields, respectively, as white solids.® Use of acetonitrile-d; as a
solvent resulted in a decrease in reaction rate. However, the
equilibrium yields, after 100 days, were higher than those
obtained in acetone-dg, i.e., 43%, and 40% for 3 and 4, respec-
tively. The isolated 4 was stable in CDCI; without deslipping
over 6 months, while it reverted to 1 and 2 within a day by dis-
solving in DM SO-dg,
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NMR Yield / %2

Solvent  Time / day® 3 4
CD,COCD; 127 (70) 45 (41) 30 (32)
CD4CN 113 (100) 40 (43) 38 (40)

Isolated yields are given in parenthesis. PPeriods required to
reach equilibrium are given in parenthesis.

Scheme 2. Synthesis of [2]- and [3]rotaxane-like
assemblies using the slipping approach.

Polyslipping was achieved by heating a mixture of 1 and
bis-crown ether 57 in acetone-dg at 40 °C. The reaction
progress was monitored by H NMR. The reaction system
reached equilibrium after 70 days. The degree of polymeriza-
tion of the resulting polyrotaxane-like assembly 6 was estimat-
ed to be 6.2 from the IH NMR spectrum.2  The GPC (CHCl,)
profile of 6 has abimodal feature as shownin Figure 1. The M,
of the higher molecular weight part was estimated to be 3300,
while that of the lower molecular weight part was 1200, as esti-
mated on the basis of polystyrene standards. The overall M,
was calculated at 1500, which was much smaller than the
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expected value, ca. 5100, based on the *H NMR spectra.
Moreover, the M,, of [3]rotaxane 4 was underestimated to be
1100 (fw 1517), which is much smaller that that of bis-crown
ether 5 (M,, 1300, fw 1085). Thus, the GPC analysis should
considerably underestimate the molecular weight of 6 because
of the ammonium salt moieties and the interlocked structure.
The lower molecular weight part might comprise cyclic
oligomers, as often observed for this kind of polyrotaxanes.®
Polyslipping in acetonitrile-d; afforded 6 with a bimodal GPC
profile, similarly to the case of acetone-ds. The M, of 6
obtained in acetonitrile-d; increased, as expected from the
results of the double slipping. The deslipping of 6 completed in
a day by dissolving in DMSO-d; to yield the monomers 1 and
5, quantitatively.
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CD,CN 107

1500 (1.4)
1700 (1.5)
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Scheme 3. Synthesis of polyrotaxane-like assembly 6.
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Figure 1. GPC (CHCI,) profiles of (a) 6 obtained in
acetone-dg, (b) 6 obtained in CD3CN, (c) [3]rotaxane 4,
and (d) bis-crown ether 5.
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In conclusion, we have demonstrated that polyslipping of
bis-ammonium salt 1 and bis-crown ether 5 yielded polyrotax-
ane-like assembly 6. Use of a polar solvent such as DMSO eas-
ily converted 6 to the monomers 1 and 5. Because of the facile
operation for the assembly and disassembly, together with the
interlocked structures of the polyrotaxane-like assemblies, poly-
slipping can be a new protocol to create novel polymer materi-
als, such asrecycling polymers.
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