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Abstract — This paper describes preparation of rotaxanes having an aniline
moiety in the axle and crown ethers as wheels through an imine formation
reaction and hydrogen-bond-guided self-assembly. UV-vis and emission
measurements of the rotaxanes show that both absorption and fluorescence bands
shift to longer wavelengths as compared to those of the unencapsulated axle

component.

Polyanilines are remarkable conjugated polymers with application in electrochromic devices, sensors,
electromechanical actuators, and rechargeable batteries, and as a hole-transporting material in organic
LEDs.' Recently, it has been reported that the stability and other chemical properties of redox-centers can
be improved by rotaxane encapsulation.” A noticeable stabilization (improvement of oxidation-proof
property) of the phenylenediamine subunits was observed in the inclusion complex of the former and
cyclobis(paraquat-p-phenylene).” A radical cation of oligo- and polyaniline axle encapsulated by a
cucurbituril is strongly stabilized* and the chemical oxidation of polyaniline encapsulated in cyclodextrin
is effectively inhibited, e.g., doping of polyaniline by iodine.’

Crown ethers bind secondary ammonium ions allowing the construction of the pseudorotaxanes through
hydrogen bonding between the two components,® and several crown ethers with different ring sizes and

functionalities have been shown to form pseudorotaxanes.” Because these modifications effectively
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change the internal environment of the rings, the way aromatic functionalities in the crown ethers may
influence the chemical properties of the axle part of the rotaxane have to be considered. In this study, we
investigated the synthesis of rotaxanes having aniline moieties in the axle and a variety of crown ethers as
wheels. Furthermore, we studied how changing the aromatic functionality of the crown ether alters the
photochemical properties of the aniline moieties in the axle of the rotaxanes.

The crown ethers chosen for this investigation included 24C8 3a, DB24C8 3b, possessing two benzene
rings, and DN24C8 3¢, bearing two naphthalene rings (Scheme 1). We synthesized the rotaxanes 4 in a
series of steps, with imine bond formation as the key step; this is an effective method for selectively
synthesizing thermodynamically stable rotaxanes.® The ring encapsulation was facilitated by hydrogen
bonding between secondary ammonium groups and crown ethers.® Condensation of
3,5-diphenylbenzaldehyde’ with benzylamine 1 followed by reduction of the imine produced the
corresponding secondary amine. Deprotection and salt formation of the aminoacetal provided the
ammonium salt 2, which had the crown-recognition part and bulky stopper at one end. The solubility of 2
in dichloromethane was poor; the addition of DB24C8 improved its solubility, suggesting the formation
of the pseudorotaxane. The key imine bond formation by reaction of 2 with 3,5-diphenylaniline'® was
performed in the presence of the crown ether in dichloroethane. After formation of the complex between
2 and 3b and reduction of the imine formed by reaction with 3,5-diphenylaniline, the '"H NMR spectrum
of the intermediate crude product indicated the presence of translational isomers. Treatment of the crude
product with hexafluorophosphoric acid and ammonium hexafluorophosphate produced rotaxane 4b,
having a dialkylammonium group encapsulated in DB24C8. The 'H NMR spectrum of 4b clearly showed
the hydrogen bonding between the ammonium ion and the crown ether; the signals of CH,N protons of
the dumbbell-shaped units appear at 4.53 and 4.71 ppm for the rotaxane 4b, and the signals of the
aliphatic protons of the DB24C8 component appear at 3.31, 3.53-3.70, and 3.93—4.07 ppm. These
chemical shift assignments are consistent with those reported previously for structurally similar
systems.®’

Similarly, rotaxanes (4a and c¢) and the axle molecule of rotaxanes 4d were isolated in moderate yields.
Selective acylation of the dialkylamino group in rotaxanes 4 was used to selectively encapsulate the
aniline nitrogen with crown ethers. Rotaxanes 4 possess dialkylammonium and alkyl aryl amino groups,
where the dialkylammonium moiety is protected by the crown ethers. Consequently, selective acylation of
the dialkylammonium moiety was found to be difficult. However, it is interesting to note that when
rotaxanes 4 were treated with excess triethylamine and di-#-butyl dicarbonate (Boc,O), they were
selectively converted to the mnonionic rotaxanes 5.'' Furthermore, the acylation of the
hexafluorophosphonium salt 4b afforded 5b in poor yield, probably because the benzylic position on the

aniline part was cleaved by the hexafluorophosphonate ion or the corresponding acid.'? An exchange of
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the counter anion improved the yield of the acylation reaction for 4b and d, and the direct acylation of

carboxylate salts (4a and ¢) gave corresponding rotaxanes.
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Scheme 1

The absorption spectra of rotaxanes (5a and b) and their axle component 5d were recorded in acetonitrile
at room temperature. For the two rotaxanes and axle component, the absorption spectra show an intense
band with a maximum around 260 nm, attributed to the absorption of the 3,5-diphenylphenyl units and
the wheel component, and a weak and broad band with a maximum around 350 nm, which is ascribed to
the 3,5-diphenylaniline moiety (n-n*)."> However, these rotaxanes bands are extremely small because of
the protonation of the aniline moiety. The latter forms an ammonium salt by reaction with CO; in the air,
resulting in a selective binding of the crown ether to the protonated nitrogen. Addition of triethylamine
increases the intensity of the bands; absorption maxima (Ama.x) of rotaxanes (5a, Sb, and 5¢) and the free
axle 5d were observed at 348, 346, 346, and 334 nm, respectively (Figure 1a). The fluorescence emission
maxima of rotaxanes also shifted to longer wavelengths, comparable to that of the axle component (431
(5a), 432 (5b), 430 (5¢), and 399 nm (5d)) (Figure 1b). The wavelength shifts showed the shielding
effects of rotaxanes; noncovalent interaction between the axle and wheels seems to cause a decrease the
energy gaps between HOMO-LUMO orbitals.

The X-ray structure analysis of pseudorotaxane from N-benzylanilinium-DB24C8 showed

functionality-specific m-stacking interaction between the benzene rings of DB24C8 and the axles.'*" I

n
their study, the benzene ring of the aniline connected to an electron-withdrawing group

(4-trifluoromethyl) positioned in the center of both benzene rings of DB24CS8, and these distances
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between aniline-benzene and crown-benzene rings are in the upper range for n-stacking interactions. In
contrast, there are no face-to-face n-stacking interactions between these benzene rings when the aniline is

substituted with an electron-donating group (4-methoxy).
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Figure 1. a) UV-vis and b) emission spectra of rotaxanes 5a—¢, and the axle 5d (34 uM) in 1%

triethylamine-acetonitrile

In the present study, the n-stacking interaction in rotaxane Sb is weak, because the aniline moiety has two
electron-donating and bulky groups (phenyl) at the 3 and 5 positions. Unexpectedly, introduction of two
naphthalene rings in the wheel has no effect on the photochemical properties of the aniline unit.

In summary, we have synthesized [2]rotaxanes 5 comprising N-alkylaniline moieties with crown ethers
using a process involving reversible imine formation and a specific N-acylation reaction. Their
photochemical properties have been investigated; crown ether-wrapping resulted in long-wave shifting of

aniline moiety in UV-vis and emission spectra.
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