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Direct Preparation of Rotaxane from Aminoalcohol: Selective O-Acylation of Aminoalcohol
in the Presence of Trifluoromethanesulfonic Acid and Crown Ether
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Selective O-acylation of aminoalcohols by a bulky acid
anhydride in the presence of trifluoromethanesulfonic acid and
dibenzo-24-crown-8 afforded [2]rotaxane in high yields. An
acid halide could be used as an acylating reagent in the pres-
ence of silver trifluoromethanesulfonate.

End-capping of pseudorotaxane consisting of secondary
ammonium salt and crown ether is one of the most easily acces-
sible methods to rotaxanes.! Although various synthetic strate-
gies to construct rotaxane structure have been proposed, they
were carried out under neutral condition to prevent the neutral-
ization of ammonium group. While basic condition is incom-
patible with the ammonium group,? acidic condition is accept-
able.3 When a strong acid-catalyzed end-capping reaction is
employed, the corresponding amine can be used as a source of
the axle unit instead of the ammonium salt because the ammo-
nium salt can be generated by the acid in situ. Since water
strongly inhibits hydrogen bonding interaction between ammo-
nium salt and crown ether, strong acid-catalyzed method should
be advantageous because it is unnecessary to use hygroscopic
ammonium salt. In this paper, we wish to report a novel rotax-
ane synthesis from aminoalcohol and crown ether by selective
O-acylation catalyzed by trifluoromethanesulfonic acid (TfOH).

To test the possibility of acid-catalyzed reaction for rotax-
ane synthesis, acid-catalyzed acylation of acohol by acid anhy-
dride was investigated. Selective O-acylation of diethanol-
amine (1a) by bulky acid anhydride 2 was carried out in the
presence of slightly excess of strong acid and dibenzo-24-
crown-8 (DB24C8) (Scheme 1). It should be noted that
diethanolammonium salt is so hygroscopic that preparation of
anhydrous salt, which is necessary for the rotaxane synthesis, is
difficult even in the hydrophobic PFg salt form.  The crude
product was purified by preparative GPC, and corresponding
[2]rotaxane 3a* was obtained in 73% yield when TfOH was
used as the acid. The rotaxane structure was established by H
and 13C NMR, IR, FAB-MS, and the fact that repeated chro-
matography did not separate the components. By the optimiza-
tion of the reaction conditions, 3a was obtained in 84% yield
when the reaction was carried out in dichloromethane a 0 °C
for 6 h using 2 equivalents of DB24C8 and 1.5 equivalents of
TfOH. In this protocol, crown ether is not only the component
of the rotaxane, but also it protects ammonium group from acy-
lating agent.> All chemicals used in this protocol are commer-
cially available, except for 2 which was easily prepared from
corresponding commercially available carboxylic acid.

The X-ray crystallographic analysis of 3a confirmed the
rotaxane structure (Figure 1).6  Ammonium hydrogens showed
hydrogen-bonding interaction with both crown ether and ester
oxygen. Methylene group adjacent to ammonium group inter-
acted with crown ether oxygen via CH---O hydrogen-bonding.
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Figure 1. ORTEP drawing of 3a. Hydrogens and TfO™ were
omitted for clarity.

Further, there is Tt interaction between benzene ring in crown
ether and 3,5-dimethylbenzoyl group. Stabilization of
pseudorotaxane intermediate by these interactions accounts for
the high yield of 3a.

When trifluoroacetic acid (TFA) was used as the acid, no
rotaxane but the trace amount of amide-ester 4 was obtained.
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Table 1. Preparation of various rotaxanes”

Rotaxane Yield/ %

Aminoalcohol

% N/\/\/\/OH

H 3b 94

1,
H 3d 86
Bu
Ay
H OH 3e 85

\Q\H 3f 92

’Reaction was carried out in dichloromethane (0.4 mol/L) at 0°C for
6 h in the presence of 2 equiv of DB24C8, 1.5 equiv of TfOH, and
1.5 equiv of 2. The rotaxanes were isolated by preparative GPC.

The acidity of TFA was too low to protect the amino group by
protonation. When methanesulfonic acid (MsOH) was used, no
reaction occurred. Although the acidity of MsOH is high
enough to protect the amino group, it is not sufficient to cat-
alyze the esterification.

DB24C8, additive
CH:Cl,,0°C,6h

1a +

Additive Yield / %

none 0
AgOTf (0.4 equiv) 19
AgOTf 2.2equiv) 69
NaOTf (2.2equiv) 0

Scheme 2.
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Various [2]rotaxanes 3b—f were prepared by this method.
Every rotaxane was obtained in high yield. Especially,
aminoal cohol bearing anthracene group gave the corresponding
rotaxane in almost quantitative yields.” The yields are highest
of those reported so far for the end-capping method.28

No rotaxane was obtained when acid halide was used as an
acylation agent.® It is quite plausible that strong hydrogen-
bonding interaction between chloride ion and ammonium group
prevented the interaction between crown ether and ammonium
group that is essential for the rotaxane formation. To remove
chloride ion, silver triflate was added to the system, and rotax-
ane 3a was obtained in 69% yield. Since more than one equiva-
lent of silver ion was necessary to obtain 3a in good yield, sil-
ver ion acted as an activator but not catalyst. Sodium triflate
did not work as a chloride ion scavenger.
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