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New amphiphilic nitroxide spin probes have been synthesized. The key reaction is based on microwave-
assisted epoxide ring opening with amines as nucleophiles using calcium trifluoromethanesulfonate
as a catalyst. High yields, in short reaction times, were obtained without any detectable nitroxide
decomposition.
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Lipids and proteins are not distributed randomly in cell mem-
branes but are organized locally into lipid rafts or domains
depending on the interactions between them.1 The membrane do-
main structure therefore has a strong impact on the conformation
and consequent function of certain proteins involved in trans-
membrane signal transduction.2 Apoptosis, or programmed cell
death, for example, depends strongly on transmembrane signalling
pathways which influence significantly the membrane domain
structure when triggered.3 Electron paramagnetic resonance
(EPR) spectroscopy and spin labelling is the method of choice for
studying such structural and dynamic changes in biological
membranes.4

We focused our attention on long-chain amino-alcohol deriva-
tives, such as 1-(cyclohexylamino)hexadecan-2-ol, described as
inducers of apoptosis in some cancer cell lines. These molecules
contain a hydroxyethylamine (HEA) linker in their structures.5 To
study their influence on cancer cell membranes and mechanisms
of triggering apoptosis we have attempted to prepare spin labelled
analogs with comparable biological activities to those of the parent
compounds. Different synthetic approaches for the preparation of
HEA-containing fragments have been described. The most straight-
forward route appears to be via ring opening of the appropriate
epoxide by an amine.6 Recently, we reported that calcium trifluoro
methanesulfonate (Ca(OTf)2) is one of the best catalysts for epox-
ide ring opening with amino acids.7 We have now applied micro-
wave irradiation for this process, with superior yields and shorter
reaction times than previously published methods.8
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vljak).
Combining our knowledge of nitroxide spin-probe synthesis
and epoxide ring opening, a series of spin labelled long-chain ami-
no-alcohols 5a–m (Scheme 1) were synthesized from various
amines (1, 4a–c) and epoxides (2a–m, 3).7–10 The reaction was
optimized with respect to reaction time, temperature and power
of the microwave reactor. Calcium trifluoromethanesulfonate was
used as the catalyst for epoxide ring opening because of the low
nucleophilicity of the amino group.7,8 While the exact mechanism
of the reaction is not known, Sova et al. showed that microwaves
do not replace the catalyst.8 The reaction was carried out in a
quartz microwave reactor vessel using dioxane as the solvent,
which is known to be almost transparent to microwaves.11 Water
can behave as a strong nucleophile and reacts with the epoxide
ring, so anhydrous dioxane must be used.

In a typical procedure, 1.1 mmol of the mono-substituted
amine, 1 mmol of epoxide and 0.5 mmol of Ca(OTf)2 were sus-
pended in 6 mL of anhydrous dioxane and the reaction mixture
was stirred for 20 min at 140 �C and 2–3 bar pressure in a micro-
wave reactor.12 After cooling to ambient temperature with com-
pressed air, the catalyst was removed by filtration and the
solvent evaporated under reduced pressure, giving a crude product
which was purified with flash or circular chromatography using
dichloromethane/methanol (15/1) as eluent.

The starting epoxides (2a–m, 3), amines (1, 4a–c), products
(5a–m, 7a–c) and final yields are listed in Table 1. The obvious side
products of the reaction were tertiary amines (6b–l, 8a–c) which
formed in less than 20% yield and were isolated as a mixture of
diastereoisomers (Table 1). Tertiary amine side products formed
from racemic epoxides contain two stereogenic centres: two
optically active products and the nonchiral meso form are possible
due to molecular symmetry. The new spin probes were fully
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Scheme 1. Synthesis of amphiphilic spin probes. Reagents and conditions: (i) Ca(OTf)2, microwave irradiation, dioxane.

Table 1
Amphiphilic spin probes 5a–m and 7a–c produced according to Scheme 1

Entry Amine (R2) Epoxide (R1) Product (R1 or R2) Yielda (%) Side product (R1 or R2) Yielda (%)

1 115–17 (CH2)2CH3 (2a) (CH2)2CH3 (5a) 85 n.i.b n.d.b

2 1 (CH2)4CH3 (2b) (CH2)4CH3 (5b) 77 (CH2)4CH3 (6b) 8
3 1 (CH2)6CH3 (2c) (CH2)6CH3 (5c) 76 n.i. n.d.
4 1 (CH2)8CH3 (2d) (CH2)8CH3 (5d)18 85 (CH2)8CH3 (6d) 8
5 1 (CH2)10CH3 (2e) (CH2)10CH3 (5e) 77 (CH2)10CH3 (6e) 6
6 1 (CH2)12CH3 (2f) (CH2)12CH3 (5f) 76 (CH2)12CH3 (6f) 9
7 1 (CH2)14CH3 (2g) (CH2)14CH3 (5g) 68 (CH2)14CH3 (6g) 12
8 1 (CH2)16CH3 (2h) (CH2)16CH3 (5h) 50 (CH2)16CH3 (6h) 10
9 1 O(CH2)7CH3 (2i) O(CH2)7CH3 (5i)19 74 O(CH2)7CH3 (6i) 17
10 1 O(CH2)11CH3 (2j) O(CH2)11CH3 (5j) 69 O(CH2)11CH3 (6j) 18
11 1 O(CH2)13CH3 (2k) O(CH2)13CH3 (5k) 79 O(CH2)13CH3 (6k) 14
12 1 O(CH2)17CH3 (2l) O(CH2)17CH3 (5l) 75 O(CH2)17CH3 (6l) 11
13 1 O-Naphthalene (2m) O-Naphthalene (5m)20 91 n.i. n.d.
14 (CH2)13CH3 (4a) 322,23 (CH2)13CH3 (7a) 67 (CH2)13CH3 (8a) 15
15 (CH2)15CH3 (4b) 3 (CH2)15CH3 (7b)21 79 (CH2)15CH3 (8b) 18
16 (CH2)17CH3 (4c) 3 (CH2)17CH3 (7c) 75 (CH2)17CH3 (8c) 14

a Refers to yields of isolated racemic or diastereoisomeric mixtures following flash or circular chromatography.
b Side product was not isolated (n.i.) from the reaction mixture and the yield was not determined (n.d.).
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Figure 1. EPR spectra of 5i dissolved in (a) ethanol and (b) liposome suspension,
both at a final concentration of 4.0 � 10�4 M and room temperature.24
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characterized by IR, MS and NMR spectroscopy.13 Applying this
methodology, a spin-labelled analogue of propanolol (5m) was ob-
tained in a very short reaction time, and in excellent yield (91%)
compared to the reported procedure (36%).14

Preliminary EPR studies were conducted in ethanol and lipo-
somes. The red line spectrum shows a typical EPR signal of the
solution in which no aggregation occurs (Fig. 1). The black line
spectrum is a typical membrane EPR spectrum composed of contri-
butions from labels in at least two different environments. Spin
probes with longer lipophilic alkyl chains can anchor into a lipid
bilayer to a greater extent, and the isotropic part of the EPR spec-
trum consequently decreases.

In conclusion, a direct and efficient synthetic method is pre-
sented for the preparation of amphiphilic spin probes containing
a piperidine-type nitroxide, a HEA linker and a variety of long alkyl
chains. The epoxide ring opening reaction was performed in high
yields, without any detectable nitroxide decomposition, in a micro-
wave reactor using calcium trifluoromethanesulfonate as the cata-
lyst. Spin probes with a single lipophilic alkyl chain easily anchor
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into lipid bilayers of biological membranes such as liposomes, and
they can be used in membrane studies as reporter molecules, espe-
cially at the lipid water interface.
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8. Sova, M.; Babič, A.; Pečar, S.; Gobec, S. Tetrahedron 2007, 63, 141–147.
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