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Synthesis of 4-trimethylammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl
with various anions for investigation of ionic liquids
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Abstract

A new synthetic way is described to prepare 4-trimethylammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl bearing tetrafluoroborate,
hexafluorophosphate or bis(trifluoromethylsulfonylimide) by an anion metathesis of 4-trimethylammonio-2,2,6,6-tetramethylpiper-
idine-1-yloxyl iodide using the corresponding silver salts. 4-Trimethylammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl iodide is obtained
by the methylation of 4-amino-2,2,6,6-tetramethylpiperidine-1-yloxyl with methyliodide. The new spin probe 4-trimethylammonio-
2,2,6,6-tetramethylpiperidine-1-yloxyl bistrifluoromethylsulfonylimide and the spin probes containing tetrafluoroborate or hexafluoro-
phosphate may be useful for an effective investigation of ionic liquids with similar anions.
� 2008 Elsevier Ltd. All rights reserved.
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Ionic liquids are new solvents distinguishing from tradi-
tional solvents by their higher viscosity and their tunability
of solvent properties just by the variation of the cation or
the anion structure resulting in the name ‘designer sol-
vents’. Furthermore, ionic liquids are interesting for vari-
ous applications, such as in electrochemical devices, as
solvents for extractions and for reactions in organic, inor-
ganic, and polymer chemistry.1–7 The specific structure of
ionic liquids composed of cations and anions, and their
interactions with solutes may cause advantages of ionic liq-
uids compared to molecular solvents. However, the knowl-
edge about the properties of ionic liquids on a molecular
level and their interactions with solutes can be considered
as rare. Spin probes are a versatile tool to explore mole-
cular properties of these designer solvents in the molecular
domain.8–16 Positively or negatively charged spin probes
are crucial for the investigation of ionic liquids because
they directly interact with the individual ions of the ionic
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liquids. Recently, we described an improved synthesis for
potassium 4-sulfonatooxy-2,2,6,6-tetramethylpiperidine-1-
yloxyl and sodium 4-sulfonatooxy-2,2,6,6-tetramethylpi-
peridine-1-yloxyl.16 These spin probes open the possibility
to study especially interactions with the cation of the ionic
liquid. This Letter describes the synthesis of 4-trimethylam-
monio-2,2,6,6-tetramethylpiperidine-1-yloxyl salts bearing
either bistrifluoromethylsulfonylimide, tetrafluoroborate
or hexafluorophosphate as anions, which can also function
as anions in ionic liquids. The selection of spin probes with
similar counter ions as ionic liquids will improve the solu-
bility of the spin probes in these ionic liquids and it will
eliminate the counter ion exchange of charged spin probes
dissolved in ionic liquids. Therefore, spin probes contain-
ing a similar counter ion as the investigated ionic liquid will
increase the efficiency of the investigation of ionic liquids
with spin probes.

4-Trimethylammonio-2,2,6,6-tetramethylpiperidine-1-yl-
oxyl iodide can be obtained by the methylation of
4-dimethylamino-2,2,6,6-tetramethylpiperidine-1-yloxyl or
4-amino-2,2,6,6-tetramethylpiperidine-1-yloxyl with methyl-
iodide.17–19 The latter19 cites a further reference, where
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the formation of another trimethylammonio substituted
radical is described by the reaction of a primary amino
substituted radical with methyliodide.20 Nevertheless, the
information about the experimental conditions to obtain
4-trimethylammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl
iodide is rare in the literature.

Furthermore, exchange of the iodide can be done by
using KPF6 to obtain 4-trimethylammonio-2,2,6,6-tetra-
methylpiperidine-1-yloxyl hexafluorophosphate.21 How-
ever, no experimental details are given for this anion
exchange in the literature. Anion exchange is important
to tailor-made spin probes for the investigation of ionic
liquids. Therefore, we developed an improved procedure
for anion exchange of 4-trimethylammonio-2,2,6,6-tetra-
methylpiperidine-1-yloxyl iodide to obtain 4-trimethyl-
ammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl deriva-
tives bearing similar counter ions as ionic liquids, such as
bistrifluoromethylsulfonylimide, tetrafluoroborate, and
hexafluorophosphate.

In a first step the commercially available 4-amino-
2,2,6,6-tetramethylpiperidine-1-yloxyl is converted into
4-trimethylammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl
iodide by reaction with methyliodide (Fig. 1).22 Then,
anion metathesis of the iodide occurs when 4-trimethyl-
ammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl iodide is
stirred with silver bistrifluoromethylsulfonylimide, silver
tetrafluoroborate or silver hexafluorophosphate in ace-
tone.23 High yields on the new spin probe 4-trimethyl-
ammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl bistrifluoro-
methylsulfonylimide (3, mp 229–248 �C dec), 4-trimethyl-
ammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl tetrafluo-
roborate (4, mp 259–268 �C dec), and 4-trimethyl-
ammonio-2,2,6,6-tetramethylpiperidine-1-yloxyl hexafluoro-
phosphate (5, mp 250–256 �C dec) are obtained because
silver iodide precipitates, and it can be easily separated
from the reaction mixture by the filtration resulting in
the crystalline 4-trimethylammonio-2,2,6,6-tetramethyl-
piperidine-1-yloxyl salts after the evaporation of acetone
in vacuo (Fig. 1).23

In principle, 3 can be obtained from 2 and lithium bis-
trifluoromethylsulfonylimide as well. However, purification
is difficult in this case, and a paste-like product is obtained.
The significant decrease in the melting point of 3 may be
Fig. 1. Formation of 4-trimethylammonio-2,2,6,6-tetramethylpiperidine-1-ylox
1-yloxyl (1) with methyl iodide22 and anion metathesis using silver salts result
attributed to the presence of a small amount of the lithium
salt. Therefore, anion metathesis using silver bis-
trifluoromethylsulfonylimide is preferred because the
formed silver iodide precipitates, and it can be easily
removed resulting in 3 with a higher purity.

The spin probes are well soluble in dimethylsulfoxide.
The ESR spectrum of 3 dissolved in dimethylsulfoxide
consists of the expected three lines (Fig. 2), which are char-
acteristic for 2,2,6,6-tetramethylpiperidine-1-yloxyl deriva-
tives. Examples for ESR spectra of 3–5 dissolved in
1-butyl-3-methylimidazolium salts containing similar anions
as the spin probes are depicted in Figure 2 as well.
The ESR spectra of the spin probes in the ionic liquids
show line broadening and changes in the habitus in com-
parison with the ESR spectrum of 3 in dimethylsulfoxide
due to the stronger interactions between the spin probes
and the individual ions of the ionic liquids and the higher
viscosity of the ionic liquids. Furthermore, the observed
differences between the ESR spectra of the spin probes in
the ionic liquids may be attributed to the viscosity of these
ionic liquids that increase in the order 1-butyl-3-methyl-
imidazolium bistrifluoromethylsulfonylimide < 1-butyl-
3-methylimidazolium tetrafluoroborate < 1-butyl-3-
methylimidazolium hexafluorophosphate.24,25 This is also
mirrored in the rotational correlation times (s) of the spin
probes (figure caption of Fig. 2) determined using the
method of Budil et al.26 The s values increase in the same
order as the solvent viscosity: dimethylsulfoxide < 1-butyl-
3-methylimidazolium bistrifluoromethylsulfonylimide < 1-
butyl-3-methylimidazolium tetrafluoroborate < 1-butyl-3-
methylimidazolium hexafluorophosphate.24,25,27 Moreover,
slight distinct values are obtained for the isotropic hyper-
fine coupling constant (Aiso(14N)) of the spin probes
dissolved in dimethylsulfoxide and in ionic liquids.

We can conclude from the synthetic work that anion
metathesis of 4-trimethylammonio-2,2,6,6-tetramethyl-
piperidine-1-yloxyl iodide using silver bistrifluoromethyl-
sulfonylimide, silver tetrafluoroborate and silver hexa-
fluorophosphate is an efficient way to obtain the
corresponding 4-trimethylammonio-2,2,6,6-tetramethyl-
piperidine-1-yloxyl salts in a high yield. This new method
opens the possibility to make further ammonio substituted
spin probes with anions, which can be also found as the
yl iodide (2) by the methylation of 4-amino-2,2,6,6-tetramethylpiperidine-
ing in the cationic spin probes 3–5.23



Fig. 2. ESR spectra of 3 dissolved in (a) dimethylsulfoxide
(Aiso(14N) = 15.5 G; s = 0.7 ns),26,28 and of 3–5 dissolved in ionic liquids
containing similar anions as the spin probes: (b) 3 in 1-butyl-3-methyl-
imidazolium bistrifluoromethylsulfonylimide (Aiso(14N) = 15.7 G; s =
5.7 ns), (c) 4 in 1-butyl-3-methylimidazolium tetrafluoroborate (Aiso(14N) =
15.8 G; s = 9.9 ns), and (d) 5 in 1-butyl-3-methylimidazolium hexa-
fluorophosphate (Aiso(14N) = 15.4 G; s = 17.2 ns) at room temperature.
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structural elements of ionic liquids. Such spin probes may
be of great interest for the study of ionic liquids. These spin
probes can be tailor made for ionic liquids, and possible
counter ion exchange with the ionic liquid anion can be
avoided. This should simplify the interpretation of results
obtained by the investigation of ionic liquids with spin
probes bearing cationic substituents.
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