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MAGNETIC INTERACTIONS OF ORGANIC NITROXYL RADICAL 
AND BIRADICAL 

WJI ISHINO, TAKAHIRO IKEDA, ATSUSHI KAJIWARA, 
YOTARO MORISHIMA, WASUKE MORI, KIZASHI YAMAGUCHI, 1 

YOSHIHITO MIYAKO,~ AND MKIHARU -CHI* 
Department of Macromolecular Science, 1Department of Chemistry, 
2Department of Earth & Space Science, Graduate School of Science, 

Osaka University, Toyonaka, Osaka 560, JAPAN 

Abstract 
The magnetic property of 3,17-bis( 4,4-dimethyl-3-oxazolidine-l-oxyl)-5a- 
androstane (OXZAN), in which two nitroxyl radicals were bonded to 5 a- 
androstane, was investigated by measurements of ESR spectra and magnetic 
susceptibility. ESR spectrum of the OXZAN is composed of 5-line which 
means that intramolecular exchange interaction take place with through-bond 
mechanism. No dilution effect on the line shape of the Nine  spectrum and 
observation of half-field transition support the mechanism. The measurement 
of magnetic susceptibility shows that magnetic interaction is intermolecularly 
antiferromagnetic. 4-(2,2,6,6-Tetramethylpiperidin-l-oxyl-4-oxy)phenyl-4'- 
(6-acryloyloxy-hexy1oxy)benzoate (TPOB) was prepared as vinyl monomer 
with mesogen in which the formation of liquid crystalline was confirmed by 
observing birefringence under a polarizing microscope ( x 600). The 
measurement of magnetic susceptibility shows that the magnetic interaction 
of this monomer is ferromagnetic. 

INTRODUCTION 

We previously investigated magnetic properties of 4-methacryloyloxy-2,2,6,6 - 
tetramethylpiperidine-1-oxyl (MOTMP) and 4-acryloyloxy-2,2,6,6-tetramethyl- 
piperidine-1-oxyl (AOTMP) and their polymers. 1-9 MOTMP has one- 
dimensional ferromagnetic coupling JF ( J F / ~ B  = 0.45 K) while AOTMP shows 
antiferromagnetic interaction. Intermolecular magnetic coupling in these radicals 
changed from antiferromagnetic to ferromagnetic by substituting hydrogen at Q- 
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position with a methyl group. In 1993, Chiarelli et al. lo reported that nitroxide 
biradical of diazaadamantane has ferromagnetic interaction with Curie 
temperature at 1.48K. This result was quite impressive for us, and we paid 
attention to magnetic properties of 3,17-bis(4,4-dimethyI-3-oxazolidine-l-oxyl)- 
Sa-androstane (OXZAN), which has been suggested to be intramolecularly 
exchanged through bond mechanism by Calvin et al. 11 This suggestion has been 
reported only as short communication in 1977, but, to our knowledge, no paper 
has been reported so far. Accordingly, we started the ESR study of this radical. 

OXZAN 

CHI= I;. -0 - (CH& - 0 0 coo+ 0 + 
0 

TPOB 

We also paid attention to magnetism induced by liquid crystal as shown in 
the scheme 1. Accordingly, magnetic behavior of 4-(2,2,6,6-tetramethyl- 
piperidynyl-l-oxyl-4-oxy)phenyl-4'-(6-acryloyloxy-hexyloxy)be~oate (TPOB), 
which shows liquid crystal, was investigated. 12 

Scheme 1 Schematic drawing of liquid crystalline magnetic monomer (TPOB). 
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dkhlorornethane , H20 

EXPERIMENTAL SECTION 

3,17-Bis(4,4-dimethyl-3-oxazolidine-l-oxyl)-Saeand~stane (OXZAN) 
Mixed solution of acetone (400 ml), dichloromethane (300 ml), tetra-n- 
butylammonium hydrogen sulfate (0.50 g, 1.47 x 10-3 mol), phosphate buffer 
(300 ml) and 3,17-bis(4,4-dimethyl-3-oxazolidine)-5 a-androstanel3 (10.0 g, 2.33 
x 10-2 mol) was stirred vigorously at 0 "C and a solution of oxonel4 (90 g, 1.47 x 
10-1 mol) in water (500 ml) was added dropwise over a period of 1 h. The 
apparent pH of the mixture was monitored and kept constant at pH 7.5-8.0 by 
adding an aqueous solution of KOH (2N). The reaction mixture became deep 
yellow colored gradually. Upon completion of the addition, the reaction mixture 
was allowed to proceed at 0-6 "C for 4 h with stirring. This reaction was 
monitored by ESR spectroscopy. Then products were purified by flash column 
chromatography on silica gel column (Wako C-40, the diameter 5 cm x the height 
11 cm) using hexane/dichloromethane/acetonitrile (85/10/5 (v/v/v)) as an eluent. 
The separated product was purified by recrystallization from diethyl ether to yield 
180 mg of OXZAN as pale yellow microcrystals (mp. 184-185 "C). Anal Calcd 
for C 2 7 H ~ N 2 0 4 :  C, 70.40, H, 9.63; N, 6.08. Found: C, 70.29; H, 9.73; N, 6.07. 
4- (6-Acry lo y loxy hexyloxy)benzoyloxy-4'- benzoy lamine-4 I' - (2,2,6,6 - 
tetramethylpipendine-1-oxyl) CI'POB) 
4-(6-Acryloyloxyhexyloxy)benzoyloxy-4'-be~oyl~ine-4''-(2,2,6,6 - 
tetramethylpiperidine-1-oxyl) (TPOB) was prepared by the scheme 2 as shown 
below (ref, 12). Monomer was characterized by elementary analysis and 
formation of liquid crystalline was confirmed to be a mesogenic monomer by 
observing birefringence under a polarizing microscope( X 600). 
Measurements 
Infra-red (IR) spectra were recorded with a JASCO FIJR-3 infrared 
spectrometer. Absorption spectra were measured with a Shimadzu UV-2100 
spectrometer. lH-NMR spectra were obtained by JEOL JNM GSX-400 NMR 
spectrometer at 30 'C.  Mass spectra were acquired by JEOL JMS SX-102 mass 
spectrometer by fast atom bombardment (FAB) method. ESR spectra were taken 
by a JEOL JES RE-2X ESR spectrometer under 100 kHz modulation. HPLC 
analysis was carried out in hexane/dichloromethane/acetonitrile (85/10/5 (v/v/v)) 
by using TSK gel Silica-150. CCPS, TOSOH UV-8020 (254 nm), CO-8020, SD- 
8022/23, FX-8020 and Chromatocorder 21 were used. 

t 
CH, = CH-i -  0 - (CH,), - O G C O O - 0  +* 

0 

Scheme 2 Schematic diagram of synthesis of TPOB 
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RESULTS AND DISCUSSION 

Characterization of biradical 
Before reaction products were separated by HPLC, smaller several peaks were 
found around a predominant peak in the chromatogram. The compound 
corresponding to the predominant peak was isolated by HPLC, and was 
characterized to be OXZAN by their elementary analysis, mass spectroscopy, and 
W-visible spectroscopy. Compounds corresponding to other peaks were isolated 
and characterized by the same method. Some of them were assigned to be at least 
four isomers, which are possible in the cyclic reactions, by their elementary 
analysis, mass spectroscopy, and UV-visible spectroscopy. ESR spectra of the 
isomers are different in the line-shape, respectively, as mentioned later. 

ESR study of biradicals 
ESR spectrum of OXZAN was measured in toluene solution. 5-line spectrum 
was observed as shown in Figure 1. 

c--2- 

15 G 
Figure 1 ESR spectra of OXZAN in toluene at 293 K (2 mM). 

Usually, 3-line spectrum is observed in isolated nitroxyl radical such as 
2,2,6,6-tetramethylpiperidin-l-oxyl. Accordingly, the observation of the 5-line 
spectrum indicates the presence of intramolecular magnetic exchange interaction 
between radicals. 

In order to confirm the intramolecular magnetic exchange interaction between 
radicals, concentration dependence of the spectrum was also investigated. No 
change was observed in the line-shape of the spectra (Fig. 2), indicating that no 
influence of the concentration of the spectra was observed in these spectra and that 
intramolecular exchange through bond took place. 
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MAGNETISM OF NITROXYL RADICAL A N D  BIRADICAL 

- 
20 G 

Figure 2 Concentration dependence of ESR spectra of OXZAN in toluene 
at 293 K. 
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34 

Figure 3 Observation of half-field transition of OXZAN at 20 K in toluene 
(2 mM). 
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Moreover, we paid attention to the ESR spectra in a frozen state. Half-field 
transition was clearly observed even in dilute solution (Figure 3), indicating that 
this biradical is in triplet state through the intramolecular exchange interaction. 
There are two possibilities as the mechanism for the intramolecular exchange 
interaction: through-bond exchange interaction or through-space exchange 
interaction. Since no concentration dependence of the line-shape of the spectrum 
was observed, we can conclude that the intramolecular exchange interaction was 
due to through-bond mechanism. 

distribution were different with the isomer (Figure 4). This suggests that the 
intramolecular exchange interaction was influenced by the configuration. l5 

When other isomer was separately isolated by chromatography, intensity 

[MI+= 460.1 IM]+= 460.1 @MI+= 460.1 

A B C 

Figure 4 ESR spectra of some isolated isomers of OXZAN (A, B, and C are 
isomers isolated by HPLC). 
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Figure 5 Temperature dependence of magnetic susceptibility ( 0 ) and magnetic 
moment ( ) of OXZAN in powder state. 
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MAGNETISM OF NITROXYL RADICAL AND BIRADICAL 209 

Magnetic behavior of biradical was investigated by temperature dependence 
of the reciprocal magnetic susceptibility of main isomer. Results are shown in 
Figure 5. Below 100K, ferromagnetic ordering seems to take place, but 
antiferromagnetic ordering took place below 20K. 
The details will remain as future work. 

Magnetic behavior of acrylate with mesogen and nitroxyl radical 
4-(2,2,6,6-Tetramethylpiperidynyl-l -oxyl-4-oxy)phenyl-4'-( 6-acry loyloxy - 
hexy1oxy)benzoate (TPOB) was prepared and the formation of liquid crystalline 
was confirmed to be a mesogenic monomer by observing a mosaic texture due to 
birefringence under a polarizing microscope (x 600) (Fig. 6). This finding means 
that TPOB forms smectic phase. The temperature dependence of reciprocal 
magnetic susceptibility and magnetic moments of monomer are shown in Figure 
7. 

Figure 6 Mosaic texture of TPOB at 293 K after annealing. (See Color Plate I). 
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Figure 7 Temperature dependence of magnetic susceptibility ( 0 ) and magnetic 
moment ( ) of TPOB in powder state. 
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210 Y. ISHINO et al 

Magnetic susceptibility follows the Curie-Weiss law with 0.42 K, indicating the 
ferromagnetic interaction took place. Magnetic moments also increased with 
lowering the temperature and indicating that the ferromagnetic interaction took 
place. Saturation of magnetization was observed in the magnetic field 
dependence of magnetization, although hysterysis was not observed. 
Accordingly, we can conclude that liquid crystalline monomer have ferromagnetic 
interaction. 
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