
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 10:22
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Synthesis and Characterization
of a Chiral Molecule-Based
Metamagnet Made by a Chiral
Triplet Organic Radical and
Transition Metal Ion
Hitoshi Kumagai a & Katsuya Inoue a
a Institute for Molecular Science, Nishigounaka 38,
Myoudaiji, Okazaki, 444-8585, Japan

Version of record first published: 24 Sep 2006

To cite this article: Hitoshi Kumagai & Katsuya Inoue (1999): Synthesis and
Characterization of a Chiral Molecule-Based Metamagnet Made by a Chiral Triplet
Organic Radical and Transition Metal Ion, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 334:1,
487-496

To link to this article:  http://dx.doi.org/10.1080/10587259908023345

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908023345
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

22
 1

7 
A

ug
us

t 2
01

2 



Mfd. Cry.rI. ond Liy. C r w  , 1999, Vul. 334. pp. 487-496 
Reprints availahle directly from the puhlisher 
Photocopying permitted by license only 

Q 1999 OPA (Overseas Publishers Association) N.V. 
Published by Iicenw under the 

Cordon and Breach Science Publisher7 imprint. 
Printed in Malaysia 

Synthesis and Characterization of a Chiral 
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HITOSHI KUMAGAI and KATSUYA INOUE 

Institute for  Molecular Science, Nishigounaka 38, Myoudaiji, Okazaki 444-8585, 
Japan 

Crystals of [ 1*M(II)(hfac)2Jn (M = Mn, Cu) were obtained by mixing the 
1,3-bis(N-ferf-butylarnino-N-oxyl)-S- ( I methyl- 1 -((S)-2-methylbutoxy)ethyl] benzene (1) and 
bis(hexafluoroacetylacetonato)M(II) (M(II)*(hfac)2] in diethyl etherln-heptane. A single 
crystal of { l-Mn(II)(hfac)z]n is triclinic, space group PI (No. I ) ,  with a = 11.0005(3) A, 
b =  11.8183(4) A. c =  17.7135(7) A, a=81.607(3)", p =  84.801(3)", y =  63.516(2)", 
V = 2038.3( 1) A3, and DX = 1.380 g/cm3 for 2 = 1. A single crystal of (l*Cu(II)(hfac)2), is 
triclinic, spacegroupP1 (No. I), wi tha= 11.2831(7)a.h= 11.5615(7)A,c= 18.0163(9),&, 
a =  82.384(4)", p = 74.242(4)", y= 61.826(5)', V =  1993.9(2) A3, and Dx = 1.43 g/cm3 for 
Z = 1, An X-ray crystal structure analysis revealed the formation of a helical one-dimensional 
polymeric structure. It not only contains a (S) chiral carbon center but also ( R )  C2 chiral skel- 
eton of the I ,3-bis(hi-tert-butylamino-N-oxyl)benzene moiety. Each of the two aminoxyl rad- 
ical centers are coupled ferromagnetically within the organic radical molecule and is coupled 
antiferromagnetically to the ds manganese(I1) ions. The temperature dependence of the mag- 
netization revealed that the heterospin system behaves as a metamagnet below 5.4 K. 

Keywords: chiral metamagnet; triplet chiral organic radical; molecule-based magnet; high 
spin molecule 
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488 HITOSHI KUMAGAI and KATSUYA INOUE 

INTRODUCTION 

Construction of molecule-based magnetic materials which have well- 
defined structure such as dimensionality and/or chirality is scientific subject of 
increasing 
radicals with high-spin ground states as bridging ligands for magnetic metal 
ions has been studied. The dimensionality, and the structure of the complex 
and thc sign and magnitude of the exchange coupling between the neighboring 
spins may be readily tuned by this ~ t r a t e g y . [ ~ - ~  When we use a bidendate 
bisaminoxyl radicals as ligand and manganese(I1) hexafluoroacetylacetonate, 
Mn(II)(hfac)2, we can make one-dimensional complexes. [3'61 (Scheme I)  
The bidical  1 H (R = H) has been established to have a triplet ground statc 
with large intramokular ferromagnetic coupling Of J i k g  > 300 K,'81 where 

P P 

A strategy of using n-conjugated polyaminoxyl 

Scheme I 

J 1  is defined as an intramolecular exchange parameter in the Heisenberg 
Hamiltonian H = - u l S & b  for the spins Sa and S b  in the same mokxule of 
b i m d d  1 ~ .  In this complex, two mi-butylaminoxyl groups are rotated out of 
the phenylene ring plane in a conrotatory manner; each 1 H molecuie in the 
crystal has no symmetry element and therefore chral, i.e., R or S. The I-D 
polymeric chains are therefore isotactic as all units of the same chirality. The 
crystal lattice as a whole is a c h d  as an enantiomeric chain is present.16] In 
this approach to molecular-based magnetic materials the versatility is given by 
the possibility to modify the R group of the radical. 

In 1984 Barron and Vrbancich call "magnetochirat dichroism" (MChD) 
for a link between natural and magnetic optical ac t i~ i ty . '~ '  Ths penomena has 
been studied theoretically and experimentally.[*791 Reccnt observation of the 
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CHIRAL MOLECULE-BASED METAMAGNET 489 

MChD effect of tris(3-~fluoroace~l-~~~o~to~~ium (111) in the 
paramagnetic state stimulates us to synthesize molecule-based magnets having 
chiral carbon 
magnet." 
magnet which is made by n-conjugated chiral bisaminoxyl radical and transition 
metal ion. 

%re are few examples ofmolecule-based chiral 
Here we report the construction of fully chiral molecule-based 

EXPERIMENTAL 

Magnetic susceptibilities were measured between 1.8 to 300 K on a 
Quantum Design MPMSSS SQUID susceptometer. A crystalline sample of the 
complex was placed in a Japanese pharmacopoeia #5 gel capsule. The 
background data of the cell were measured separately and subtracted from the 
sample-incell data. 

Svnthesis 
The synthetic route of the chiral diradical 1 illustrates in Scheme 11. 

Scheme I1 
A commercially available chiral starting material, (s)-2-methyl-l-butanol was 
used for synthesize of 1. 1 ,Zdibromod-{ l-rnethyl-l-(Q-2- 
methy1butoxy)ethylbenzene (3) was obtained by condensation of 2-(3.5- 
dibromophenyl)-2-propanol(2) and 1 -Q-2-methylbutyl toluenesulfonate. The 
precursor 4 was obtained as white powder. MS (m/z = 380), 1H-NMR (270 
MHz, CDCl3) S= 7.40 (bs, 2H), 7.05 (s, lH), 6.88 (s, 2H). 2.8-3.0 (m, 
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490 HITOSHI KUMAGAI and KATSUYA INOUE 

2H), 1.5-1.7 (m. IH), 1.4-1.5 (m, 2H),1.35 (s, 6H), 1.07 (s ,  IXH), 0.86 
(s.3H). 0.83 (s.3H) 
During the synthesis of 1, CD spectra of compound 3 and 4 in 
dichloromethane were observed. These results are indicative of no racemization 
of the precursors during the reaction. Precursor 4 was oxidized hy silver oxide 
in dichloromethane at 0 "C and purified by column chromatography on silica gel 
eluted with dichloromethane and ether. MS (m/z = 378). HRMS /n/z found 
378.2869 calcd for C22N203H38 378.2882 EPR (9.4507 GHz, CH2C12) g = 
2.0055. aN = 13.1 G. UV-Vis (CH2CI2) Amax(&) 285 (20.200) nm 

'l*-ln 
A n - heptane solution of 0.09 g of Mn(hfac)y2H?O was retluxed to be 

dehydrated and mixed with 0.13 g of diradical 1 in dichloromethane. The 
solution was evaporated and stored at -30 OC. Deep brown bliwk crystals were 
obtained. 

of r1.c-h 
Cu(I1) complex was synthesized by similar procedure for Mn(l1) 

complex using Cu(hfac)2*2H20. 

S-rav cr- 
Crystal data for [l*Mn(Il)(hfac)2]n: brown block; 0.10 x 0.15 x 0.05 

mm3: triclinic. space group PI, a = I I .000S(3) A, 6 = 1 1.8 I83(4) A ,  c = 
17.7135(7) A, a= 81.607(3)', p =  84.801(3)', y=  63.516(2)". V = 2038.3(1) 
A3, Cu Ka radiation (A = 1.54178A). forZ = I .  Least-squares refinement 
based on 7889 reflections with I >3.2 o(0 collected on a Enraf-Nonius CAD-4 
diffractmeter and 968 parameters on convergence gave a final R o f  0.059 and 
Rw of 0.052. GOF = 2.84. The structure were solved and refined using the 
TEXSAN Ver. 2.0 crystallographic program package of  the Molecular 
Structure Corporation. Some non-hydrogen atoms were refined 
anisotropically. The absolute configulation was determined by anomalous 
scattering of Cu Ka radiation. 

triclinic. space group PI (No. I ) ,  with a = 11.2831(7) A, h = I1.5615(7) A. c 
= 18.0163(9) A, a= 82.384(4)", p =  74.242(4)', y=  61.826(5)'. V = 
1993.9(2) A3, and Dx = 1.43 s/cm3 for Z = I .  Least-squares refinement based 

Crystal data for (l*Cu(lI)(hfa~)2]n: brown 0.20 x 0.10 x 0.10 mm3; 
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CHIRAL MOLECULE-BASED METAMAGNET 49 1 

on 1153 I reflections with / >2.0 o(f) collected on a Enraf-Nonius CAD-4 

diffractmeter and 973 parameters on convergence gave a final R of 0.085 and 
Rw of 0.074. GOF = 5.2. The structure were solved and refined using the 
TEXSAN Ver. 2.0 crystallographic program package of the Molecular 
Structure Corporation. All non-hydrogen atoms were refined anisotropically 

RESULTS AND DISCUSSION 

re of Il*- in- {lo- I in 
The X-ray crystal structure analysis of (l*M(II)(hfac)2}n ( M  = Mn. 

Cu) revealed that the M(II) ions have an octahedral coordination environment 
with four oxygen atoms of two hfac anions and two oxygen atoms of  two 
aminoxyl radicals. The M(I1) ion in an octahedral position is attached to the 
two aminoxyl oxygens from two different biradical molecules in the trans 

disposition. The oxygen atoms of the terminal aminoxyl radicals of biradical 1 

are ligated to two different M(II) ions to form a one-dimensional chain along the 
c crystal axis.(FIGURE 1) The bisaminoxylbenzene unit is in a chiral 
conformation and form a one-dimensional polymeri: structure. Since the 
crystal has no symmetry element the molecule is full I chiral. The molecule not 
only contains a (S) chiral carbon center but also (R)  C2 chiral skeleton of the 
organic ligand. 

The temperature dependence of paramagnetic susceptibility of 1 was 
measured at S O 0 0  Oe from 2 K to 250 K.(FIGURE 2.). The p~ value of 2.61 
p~ at 250 K is close to a spin-only theoretical value of 2.83 pug for a triplet 
species. The magnetic data were analyzed by a Bleaney-Bowers type singlet- 
triplet model for the diradical with a weak intermolecular interaction, which is 
treated by the Weiss field, in which the magnetic exchange coupling constant J 
corresponds to  a Heisenberg Hamiltonian H = -2/sa'sb for the spins Sa and 

2PNgLpBL 
( 1 )  

'm = k,(T-e){ 3+eXp(-w,n1  
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492 HITOSHI KUMAGAI and KATSUYA INOUE 

s b  in the diradical 1.[12] The best fit parameters were -2J / k ~ =  461.8 K, 8= 
-3.7 K and P = 91.3 % in a temperature range of 9 - 245 K,  where P is purity 
factor and other symbols have their usual meaning. 

FIGURE 1 The X-ray crystal structure of the complex of 

[l-Mn(Il)(hfac)2]n. Hydogen atoms and fluorine atoms are omitted for clarity. 

FIGURE 2. Observed effective magnetic moment vs. T plot fc>r the diradical 
1 measured in a magnetic field of5000 Oe. Solid line is calculated by a 
Bleany-Bowers type model for the diradical 1. 

The temperature dependence of the magnetic suvxptibility was 

investigated in 5000 Oe for the both Mn(ll) and Cu(i1) complexe~. FIGURE 3 

shows the temperature dependence of the magnetic suscepiibiliiy lor 
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CHIRAL MOLECULE-BASED METAMAGNET 493 

FIGURE 3 Temperature dependence of magnetic moment in SO00 Oe of a 
polycrystalline sample of [ l*Mn(II)(hfac)2]n. Inset shows the temperature 
dependence of magnetization in 5 Oe of a plycrystalline sample. 

( 1*Mn(II)(hfac):!Jn. The kff value of 4.91 at 300 K is smaller than a 
theoretical value of 6.43 for paramagnetic spins of two 1/2 spins of organic 
radical and one 512 spins of d5 Mn(I1) and larger than 3.87 for antiparallel spins 
of two 112 spins of organic radicals and 512 spins of d5 Mn(1I). Together with 
a lack of a minimum at lower temperature, the room temperature kff value 
suggest the Occurrence of strong (more negative than -300 K) antiferromagnetic 
coupling between the aminoxyl radical as a ligand and Mn(I1) ion. When the 
measurement was carried out in 5 Oe. the magnetic susceptibility showed a 
cusp at 5.4 K. (FIGURE 3 inset) The magnetization at 1.8 K revealed 
metamagnetic behavior (FIGURE 4). Namely, while the response of the 
magnetization was not sensitive to the weak applied magnetic field below ca. 
SO0 Oe, a behavior characteristic of an antiferromagnet, a sharp rise and 
approach to saturation of magnetization characteristic of a ferroniagnet was 
observed at higher applied magnetic field (FIGURE 4 (Inset)). A saturation 
magnetization value of ca. 2.7 p~ was reached at 1.8 K at 3 Tesla. When the 

interaction between the manganese(l1) ion and 1 is antiferromagnetic (J2 < 0 in 
Scheme I ), the value of [l*Mn(ll)(hfac)2]n is expect to be 3 p~ ( 5  / 2 - 2 / 2 = 

3 / 2) in good agreement with the observed value. These magnetic behaviors 
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494 HITOSHI KUMAGAI and KATSUYA INOUE 

FIGURE 4 Field dependence of the magnetic moment at I .8, K. Inset show5 
magnetic field range of 0 to 3OOO Oe. 

are similar to those found in Mn(II)(hfac)2 complex with non-chiral biridical 
1H (R = H).[31 

The paramagnetic susceptibility of [ l*Cu(ll)(hfac)2 1" wa\ also 
investigated in the temperature range 20 - 230 K. (FIGURE 5 )  The kff value 
of 2.96 p~ at 230 K aged  well with the theoretical value of 3.0 p~ for three 

4.0 

3.8 
3.6 
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3.2 

3.0 0000 000000 0 0 
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50 
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FIGURE 5 Temperature dependence of magnetic moment in So00 Oe of a 
polycrystalline sample of [ l*Cu(ll)(hfac)2]n. 
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CHIRAL MOLECULE-BASED METAMAGNET 495 

non-interacting paramagnetic In spins. The kff value increased with 
decreasing temperature and showed the maximum at 4 K. This results indicate 
that the ferromagnetic interaction occur between the bisaminoxyl radical 1 and 
copper (11) ion. However. preliminary results of field dependence of magnetic 
susceptibility at 2 K is indicative of absence of long range ordering. 

CONCLUSION 

I t  is concluded that (R)-helical I-D molecule-based nietaniagnet has been 
realized. (Scheme 1) It  not only contains a (S) chiral carbon center but also ( R )  
C2 chiral skeleton of the organic ligand. The interaction between the I-D 
chains is expected to be weakly antiferromagnetic, making the l*Mn(II)(hfac)2 
complex, an assembly of the I-D chains. a molecular based metamagnet. The 
temperature dependence of the magnetization revealed that the heterospin 
system behaves as a metamagnet below 5.4 K. This material may be important 
in the experimental observation of MChD effect. 

Acknowledgments 
This work was supported by a Grant-in-Aid for Scientific Research on Pnonty 
Areas (No. 10146101) from the Ministry of Education. Science Sports and 
Culture. Japan. 

References 
[ I ]  J.S. Miller and A.J. Epstein Angew Chem., 1nt Ed. Engl., 22,( 1994), 385. 
[2] S.  Decurtins, R. Pellaux, A. Hauser and M.E. von Arx in Magnetism: A Supramolecul- 

sar Function; edited by 0. Kahn, Kluwer Academic Publishers, 1995. S. Decurtins, 
H.W. Schmalle, P. Schneuwly, J. Ensling and P. Giitlich, J .  Am. Chem.Soc., 116,9521 

[3] K. Inoue and H. Iwamura J. Chem, Soc.. Chem. Commun., 2273 (1994). K. Inoue, T. 
Hayamizu, and H. Iwamura, Chem. Lett. 745(1995). Y. Ishimaru, K. Inoue, N. Koga, 
and H. Iwamura, Chem. Lett., 1693 (1994). M. Kitano, Y. Ishimaru, K. Inoue, N. Koga, 
and H. Iwamura, Inorg, Chem., 33,6012 (1994). T. Mitsumori, K. Inoue, N. Koga, and 
H. Iwamura, J. Am. Chem. Soc., 117, 2467 (1995). K. Inoue, and H. Iwamura, Mol. 
Cryst. Liq. Cryst., 286, 133 ( 1996).. 

[4] K. Inoue and H. Iwamura, J .  Am. Chem. Soc., 116,3173 (1994). K. Inoue, and H. Iwa- 
mura, Synrhetic Metuls, 71, 1793 (1995). K. Inoue, and H. Iwamura, Adv. Mutes, 8,73 
( 1996). 

[S] K. Inoue, T. Hayamizu, H .  Iwarnura, D. Hashizume and Y. Ohashi J. Am. Chem. Soc., 
118,1803 (1996). H. Iwamura, K. Inoue, and T. Hayamizu, Pure Appl. Chem., 68,243 
(1996). K. Inoue, and H. Iwamura, Proc.. Mutes Res. Soc., 413, 313 (1996).K. Inoue, 
T. Hayamizu, and H. Iwamura, Mol.Cryst. Liq. Cryst., 273,67 (1995). 

( 1994). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

22
 1

7 
A

ug
us

t 2
01

2 



496 HITOSHI KUMAGAI and KATSUYA INOUE 

[6] H. Iwamura, K. Inoue and N. Koga New J .  Chem. 22 201 (1998). 
[7] A S .  Marukosyan, T. Hayamizu, H. Iwamura and K. Inoue J.  Phy .~ .  Condens. Muf/el: 

10,2323 (1998). 
[S] A. Carder J .  Am. Chem. Soc., 91, 3724 (1969). F. Kanno, K. Inoue, N. Koga, and H. 

Iwamura, J .  Phys. Chem., 97, 13267 (1994). 
[9] L.D. Barron and J. Vrbancich Molec. Phys., 51,715 (1984). 

[ 101 G.L.J.A. Rikken and E. Raupach Nature 390,493 ( I  997). 
[ I  I ]  J .  Sedo, N. Ventosa, D. Ruiz-Molina, M. Mas, E. Molins, C. Rovira and J. Veciana 

Angew. Chem. Int.  Ed.Engle., 37.330 (1998). A. Caneschi, D. Gatteschi, P. Rey, and R. 
Sessoli, InorgChem 30,3936 (1991). K. Nakayama, T. Ishida, R. Takayama, D. Hashi- 
zume, M. Yasui, E Iwasaki, and T. Nogami Chem. Left. 497 (1998) 0. Kahn, in Mug- 
netic Moleculur Murerials edited by D. Gatteschi, 0. Kahn, J.S. Miller and F. Palacio, 
Kluwer Academic Publishers, 1991, 

(121 B. Bleaney and K.D. Bowers, Proc. R. Soc. London Ser. A 214,451, (1952). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

22
 1

7 
A

ug
us

t 2
01

2 




