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Four novel spin labeled azacrown ethers contain­
ing either endo-  or exo-cyclic nitroxyl moieties were 
synthesized by short and convenient routes. These 
compounds should be of interest in biological 
studies of membranes using ESR spectroscopy.

The ability of crown ethers [1—4] and cryptands 
[5—7] to selectively complex ions and neutral 
molecules has been the subject of extensive studies 
over the past two decades. One of the most impor­
tant problems under investigation was the transport 
of ionic species through membranes in biological sys­
tems [8 ]. Of several transport mechanisms proposed 
and demonstrated in natural and artificial systems, 
the coupled transport mediated by mobile carriers 
(ionophores) appears to be one of the simplest [8 ]. In 
such a system a flux of one ion, typically proton, 
moving down its concentration gradient effects the 
transport of the desired alkali ion up its concentra­
tion gradient. This cation-proton-coupled counter­
transport has been demonstrated in natural and arti­
ficial systems using sodium specific antibiotic monen- 
sin [9] and calcium specific lascalocid (X-537 A) and 
calcimycin ( A 23187) [10—13].

Recently, it was suggested by Keana and cowork­
ers [14] that the nitroxyl spin labeled crown ethers 
and cryptands may find an application in monitoring 
the concentration of alkali and alkaline earth metal 
ions in aqueous solutions by the ESR spectroscopy. 
The high sensitivity of the ESR method, coupled 
with its use in nontransparent systems would present 
certain advantages over the existing methods [14], 
Several nitroxyl spin labeled crown ethers and two 
spin labeled cryptands have been reported in recent 
years [8 , 14—18]. Some of the reported structures are 
represented by derivatives of the benzo- or dibenzo- 
18-crown-6 [15, 16] with nitroxyl moieties attached 
either by an ester or amide linkage and the nitroxyl 
group located in a relatively distant position from the 
cavity of the molecule. Keana and coworkers [14] 
described the syntheses of two spin labeled crown
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ethers and two cryptands in which the nitroxyl group, 
in certain conformation, is directed toward the cavitv 
of the molecule. These authors investigated [14] the 
complexing properties of such compounds and the 
effect of the complexed metal ion on the aN splitting 
constant in the ESR spectra. Interestingly, no sig­
nificant change in aN was observed for the metal 
complexes as compared to the free complexon.

Our interest in the area of the spin labeled crown 
ethers as probes for rrans-membrane transport in 
biological systems led us to design several novel 
structures (3a,  b; 6a,  b). Thus, in structures 3a and 
3b,  the nitroxyl moiety is attached to the ring nitro­
gen by a carbon-nitrogen bond, whereas in 6 a and 6 b 
the ring nitrogen is part of the nitroxyl moiety pro­
viding the shortest possible distance between the 
complexed ion and the unpaired electron. It is ex­
pected that the former compounds (3 a, b) are defi­
nitely basic and good proton acceptors, whereas the 
latter compounds (6a,  b) are less basic [19] and. 
hence, weaker proton acceptors. Consequently, 
these novel monoazacrowns (3a,  b; 6a,  b) could not 
only complex alkali metal ions [2 0 ] but, in addition, 
could also act as proton acceptors and carriers in 
biological systems.

The synthesis of the crown ethers 3 a and 3 b was 
accomplished by the reaction of the appropriate tosy- 
lates l a  [2 1 ] and l b  [2 1 ] with the spin labeled di- 
ethanolamine 2  [2 2 ] in the presence of sodium  
hydride, in dimethylformamide solution (25 °C, 
24 h).

The crude products were isolated by extractive 
workup and purified by flash chromatography [23] 
on silica gel using a mixture of chloroform and 
methanol (9:1, v/v) as eluants. The pure products 
were obtained in the form of red, thick oily liquids 
with the following analytical data (% yield, mass 
spectroscopy-chemical ionization m ode, IR vmax. 
microanalyses, and ESR): 3a  [45%, 374 (M + l,  100); 
IR (KBr) vmax =  1124, 1359, 2863, 3500-3600  cm -'.

C19H37N20 5 x  112 H20  (382.52)
Calcd C 59.65 H 10.01 N 7.32,
Found C 59.89 H 10.10 N 7.12.

ESR — 3 lines, aN =  15.5 G (toluene)], 3b [42%, 
418 (M + l, 100); IR (KBr) vmax =  1120, 1353, 2865. 
2935, 3500-3600 cm"1.

C21H 4IN20 6 x  1/2 H20  (426.57)
Calcd C 59.12 H 9.92 N 6.57,
Found C 59.42 H 10.00 N 6.41.

ESR -  3 lines, aN =  15.5 G (toluene)]. Charac­
teristic bands at 3500—3600 cm - 1  in IR spectra of 3a  
and 3b,  as well as microanalyses clearly indicate the 
presence of one molecule of water for two molecules
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of the crown ether, suggesting a “sandwich com ­
plex”. This water molecule was strongly bonded 
since it could not be removed by vacuum drying at 
6070.01 torr.

Synthesis of the spin labeled crown ethers 6 a and 
6 b was accomplished by a two step procedure 
(Scheme). Thus, the monoazacrown ethers 5a and 
5b were obtained in 47% and 46% yield, respec­
tively, by the reaction of substituted diethanolamine
4 [24] with the appropriate tosylates l a  [21] and l b
[2 1 ] in f-butyl alcohol solution, in the presence of 
sodium f-butoxide [25]. These intermediates were 
purified by a Kugelrohr distillation (5 a, b.p. 
102-106  °C/0.015 torr; 5b,  b.p. 124 -126  °C/ 
0.03 torr) and characterized by mass spectrometry 
[5a, mle =  276 ( M + l ,  100); 5b,  mle =  320 ( M + l ,  
100)]. Oxidation of 5a and 5b in aqueous solutions 
using a 30% hydrogen peroxide in the presence of 
catalytic amounts of sodium tungstate gave 6 a and 
6 b, respectively. In spite of an excess of the oxidant 
and prolonged reaction times, the transformations 
were incomplete. Extractive workup, followed by 
flash chromatography [23] gave the pure products 6 a 
(31%) as an orange solid, m.p. 46—47 °C, and 6 b 
(34%) as an orange, thick oily liquid. These mate­

rials were characterized by mass spectroscopy, IR, 
microanalyses, and ESR, resulting in the following 
values: 6 a [291 (M + l, 100), 290 (M, 90); IR vmax =  
1115, 1141, 1356, 2900-2980 cm"1.

Cl4H28N 0 5 (290.38)
Calcd C 57.90 H 9.72 N 4.82,
Found C 57.82 H 9.94 N 4.66.

ESR — 3 lines, aN =  15 G (toluene)] and 6 b [334 
(M , 100), 335 (M + l, 8 8 ); IR v max =  755, 1118, 1354, 
2860-2990  cm“1.

CI6H32N 0 6 (334.43)
Calcd C 57.46 H 9.65 N 4.19,
Found C 57.31 H 9.68 N 3.99.

ESR — 3 lines, aN = 15 G (toluene)]. In contrast 
to the 3a and 3b compounds 6 a and 6 b were isolated 
in the unhydrated form as evident from microana­
lyses and the absence of the water O —H stretch peak 
in the IR spectra.
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