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In order to evaluate the enantioselective complexation ability of the rotaxane, titration experiments
of rotaxane 52nd with (R)-phenylglycinol (PGO) and (S)-PGO were carried out. Because chiral
host molecules with 2,4-dinitrophenylazophenol moiety produce ammonium phenolate salts in
complexation with PGO accompanying large spectral change in UV-visible region with clear color
change [22], there is a considerable chemical shift change of 1H NNR signals assigned to the aromatic
protons at low magnetic field.

As shown in Figure 8, spectral and color changes of CHCl3 solution of 52nd and (R)-PGO were
observed. This observation shows that the extent of color change is clear enough as a sensor for naked
eyes, and that the obtained rough extent of binding constant was around 100 L mol−1. Then, 1H NMR
titration was revealed to be suitable for precise evaluation [52,53] of complexation ability of host 5

with PGO. The 1H NMR titration was carried out with 52nd and enantiomeric pair of amines (S)- and
(R)-PGO in chloroform. Experimental details are filed in Supplementary Materials and Appendixs A–D.
As shown in Table 1, the determined binding constants of 52nd were (8.47 ± 0.40) × 101 L mol−1 for
(S)-PGO and (1.25 ± 0.03) × 102 L mol−1 for (R)-PGO, respectively. The ratio of binding constants
KR/KS was 1.48. Generally speaking, as perspectives with the ratio of binding constant, it is not enough
for application as chirality indicator [19,53], but is promising for application as a chiral selector of
a stationary phase for a chiral chromatography [54].
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Figure 8. UV-Vis spectral and color changes of rotaxane 52nd with (R)-PGO in CHCl3: (a) UV-Vis
spectra and (b) corresponding pictures: rotaxane 5 (41.5 μM) ((a) yellow line and (b) yellow solution)
and same solutions containing different (R)-PGO concentration 899 μM, 1.35, 1.87, 2.62, 3.75, 5.99, 8.99,
and 12.7 mM in order shown by arrows at 17 ◦C.

Table 1. Binding constants of 52nd for PGO obtained by 1H NMR titration experiments.

Guests K/L mol−1 KR/KS

(R)-PGO (1.25 ± 0.03) × 102
1.48(S)-PGO (8.47 ± 0.40) × 101

In CDCl3 at 30 ◦C, 400 MHz.

4. Conclusions

We developed an efficient method of rotaxane synthesis based on an aminolysis of a prerotaxane,
which proceeded with excellent selectivities and chemical yields. We also found that the
rotaxane with mechanical chirality has complexation ability against chiral amine PGO, with high
enough enantioselectivity to be applied as a chiral selector of the chiral stationary phase for
chiral chromatography.
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Supplementary Materials: The followings are available online at www.mdpi.com/2073-8994/10/1/20/s1,
Table S1: Tabulated 1H NMR titration data of Rotaxane 52nd with (R)-PGO in CDCl3 at 30 ◦C, Figure S1: 1H NMR
titration curve for the complexation of Rotaxane 52nd with (R)-PGO at 30 ◦C, Table S2: Tabulated 1H NMR titration
data of Rotaxane 52nd with (S)-PGO in CDCl3 at 30 ◦C, Figure S2. 1H NMR titration curve for the complexation of
Rotaxane 52nd with (S)-PGO at 30 ◦C.
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Appendix A. General

1H NMR and 13C NMR charts are filed here. Details of each chart are mentioned in Materials
and Methods.

Appendix B. 1H-and 13C-NMR Spectra of Ring 1
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Appendix C. 1H-and 13C-NMR Spectra of Prerotaxanes 3
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Appendix D. 1H-and 13C-NMR Spectra of Rotaxanes 5
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