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Main Chain-type Polyrotaxane with Controlled Ratio of Rotaxanated Units
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A novel main-chain type polyrotaxane having a rotaxanated
crown ether backbone was synthesized by the rotaxanation of
poly(crown ether). The rotaxanated ratio of the main chain in-
creased up to ca. 100% with increase of amount of sec-ammoni-
um axle used.

Polyrotaxane,! a novel class of polymer containing mechan-

ical linkage consisting of wheel and axle components, is expect-
ed to display unique properties such as mechanical and rheolog-
ical ones. A variety of main-chain type polyrotaxanes with the
polymer axles as the main chains have been reported so far.”
Characteristic property has been actually found with cyclodex-
trin-based polyrotaxane networks by Ito et al.> Meanwhile, little
is known about polyrotaxanes having their wheels in the main
chains. Gibson et al. prepared this type of pseudopolyrotaxane
and polyrotaxane network,* whereas we reported novel type of
polyrotaxane and polyrotaxane network and its recyclability.?
There are two ways of synthesizing this kind of main chain-type
polyrotaxane: one goes through initial rotaxanation followed by
its polymerization (route A) and the other undergoes initial poly-
merization of wheel followed by rotaxanation of the resulting
polymer (route B), as shown in Figure 1. The authors have stud-
ied the synthesis of novel polyrotaxane with its wheels in the
main chain along the polymerization—rotaxanation protocol.
This paper describes the synthesis via route B and characteriza-
tion of a main chain-type polyrotaxane with controlled rotaxana-
tion ratio.

Poly(crown ether) (1) (M, 4000, M, 2400, and M, /M, 1.67,
by GPC) was prepared by the polycondensation of bis(hydroxy-
methyl) derivative of dibenzo-24-crown-8-ether (DB24C8) with
adipoyl chloride.® 1 was well soluble in organic solvents such as
chloroform and THF, but insoluble in methanol, acetonitrile, and
water. The axle 2, an ammonium salt having hydroxy group and
bulky stopper in its both termini, was synthesized according to
our previous report.’

The pseudorotaxanation behavior of 1 (Scheme 1) with 2
was evaluated by the 'HNMR spectra. [2]Rotaxane (4) having
DB24CS8 and an axle derived from 2 was synthesized as a model
compound. The '"HNMR spectra of 1, 2, and 4 are shown in
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Figure 1. Synthetic strategy of polyrotaxane.
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Scheme 1.

Figure 2. Clear downfield shift of the benzyl proton signal a of
the axle 2 from 4.18 to 4.60 ppm was observed in the spectrum
of 4. This signal shift is known as the definite evidence for the
pseudorotaxane or rotaxane formation.® Thus, the above NMR
results suggest that the in situ observation of the formation of
pseudopolyrotaxane between 1 and 2 can be monitored by
'"HNMR.

The pseudorotaxanation between 1 and 2 was studied under
several conditions.” A similar downfield shift was observed in
any case when the complexation proceeded (Figure 2). There-
fore, the rotaxanation ratio of polypseudorotaxane 3 was deter-
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Figure 2. Partial 'H NMR spectra of (i) wheel 1, (ii) axle 2, (iii)
model [2]rotaxane 4, (iv) polypseudorotaxane 3 with 20%
rotaxanation ratio, and (v) polypseudorotaxane 3 with complete
rotaxanation ratio (400 MHz, CDCl3, 25 °C). For signals a and b,
see Scheme 1.

Copyright © 2007 The Chemical Society of Japan



Chemistry Letters Vol.36, No.2 (2007)

(\omo/g
; »-nco o S0
/0\// | :©V i
3~ /t e} N\R o] o
n-Bu,Sn(0CO-N-Cy1Hys), ) o
CHClI3, rt, overnight

® ©
5(R=H; PFg ) Ac,0, Et;N
6 (R=Ac) .:I DMF, tt, 2d

Scheme 2.

CHCl, HN’@ PR ™S

_u

S/ppm

Figure 3. '"HNMR spectrum of polyrotaxane 5 (400 MHz,
CDCl3, 298 K).

mined from the integral ratio of signals b and a. When 0.2 equiv.
of 2 to 1 was added, the rotaxanation ratio reached about 20%
(Figure 2 (iv)). Meanwhile, the complete rotaxanation was
achieved when 2.0 equiv. of 2 to 1 was used (Figure 2 (v)). Thus,
the rotaxanation ratio can be controlled with the amount of 2
used.

The conversion of 3 to polyrotaxane 5 was carried out ac-
cording to the urethane end-capping protocol.!® Polypseudoro-
taxane 3 with complete pseudorotaxanation reacted with 3,5-di-
methylphenyl isocyanate in the presence of a Lewis acid to give
5 in 84% isolated yield (Scheme 2).!! By the 'THNMR analysis
of 5 (Figure 3), it was found that the end-capping reaction com-
pletely occurred, and there was no signal for free crown ether
unit. In addition, 5 was N-acetylated with acetic anhydride in
the presence of triethylamine in order to evaluate the molecular
weight of 5 (Scheme 2).'> N-Acetylated polyrotaxane 6 was
characterized by '"HNMR, IR, and MS spectra which were well
consistent with the rotaxanated structure of 6. For example, both
disappearance of PFg anion and appearance of amide group in
the IR spectrum were observed. Molecular weight of 6 was de-
termined by GPC as My, 6100 and M, 4400 (M, /M, 1.40). Thus,
the results obtained here support not only the complete rotaxana-
tion of 1 but also the complete end-capping of 3.

In summary, polypseudrotaxane 3 with controlled rotaxana-
tion ratio was obtained and the urethane end-capping of 3 quan-
titatively proceeded to afford the corresponding polyrotaxane
5 with complete rotaxanation ratio. N-Acylation of § yielded
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the corresponding neutral polyrotaxane 6 that made possible
the molecular weight measurement by GPC.
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