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Adduct complexes of ruthenium(IL ) pivalate dimer with pyridyl nitronyl nitroxide radicals, [Ruz(02CCMes)a(L)2]-
X (L = 2-(3-pyridyl)-4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazolyl- 1-oxyl 3-N-oxide (m-nitpy) and 2-(4-pyridyl)-4.4,
5,5-tetramethyl-4, 5-dihydro- 1 H-imidazolyl- 1-oxyl 3-N-oxide (p-nitpy); X = BF4 and BPhy), have been prepared and
characterized. The dimeric cores, which are axially coordinated by the pyridy] nitrogen atoms of the radical ligands, not
by the nitroxide oxygen atoms, have been crystallographically confirmed for complexes with m-nitpy (X = BF4) and p-
nitpy (X = BPhy) using an X-ray diffraction method. The magnetic interactions between the radical and Ru(ILHI) dimer

2499

through the pyridyl group and the radicals of the neighboring cation units through the space are weak.

Nitronyl nitroxide radicals have shown great abilities in
combination with paramagnetic transition metal complexes
to produce ferro- and ferrimagnetic materials by coordi-
nation through their N-O groups.! We prepared a nitrox-
ide chain complex of ruthenium(IL,III) pivalate cation dimer
[Ru;(0,CCMes)4(nitph)],(BF4),, nitph = 2-phenyl-4,4,5,5-
tetramethyl-4,5-dihydro-1H-imidazol-1-oxyl 3-N-oxide, with
an expectation for the ferrimagnetic behavior which origi-
nates from an alternated arrangement of the radical § = 1/2
spin and the ruthenium(IL,II) S = 3/2 spin. However, the
magnetic moment decreased constantly with lowering the
temperature, which was accounted for in terms of an unsuit-
able axial Ru-O-N bond angle for the maganetic interaction.”
Our efforts to obtain the ferrimagnetic behavior in this com-
bination of Ru(IL,Ill) dimers and nitroxide radicals have all
been in vain until now.? Pyridyl nitronyl nitroxide radicals
have Jately been used in combination with transition-metal
complexes, and have presented many interesting results by
giving an additional magnetic pathway through the pyridyl
group.* This approach could be applicable to our system.
We started research concerning Ru(II,IIT) carboxylate cation
dimers coordinated by the pyridyl groups of the nitroxde
radicals. As a part of this work, we reported a ferromag-
netic chain complex, [Ru,(0,CCMes)4(p-nitpy)].(BEs), (p-
nitpy is defined below), with axial coordinations of one of
the two N-O groups and the pyridyl group, in which the
spin interaction (J = 20 cm™') through the N-O group is
much larger than that (J' = 0.45 cm™!) through the pyridyl
group.® In this study, bis-adduct ruthenium(ILIII} complexes,
[Ruy(0,CCMes)4(L),1X (L = 2-(3-pyridyl)-4,4,5,5-tetra-

methyl-4,5-dihydro- 1 H-imidazolyl- 1-oxyl 3-N-oxide (m-
nitpy) and 2-(4-pyridyl)-4,4,5,5-tetramethyl-4,5-dihydro-1H-
imidazolyl-1-oxyl 3-N-oxide (p-nitpy); X = BF,; and BPhy),
were newly prepared and investigated for the magnetic in-
teraction through the coordinated pyridyl group.

Experimental

Preparation of Complexes. The starting materials,
[Ru2(02CCMe3)a(H20),]BF4 and [Ru2(02CCMes)a(H20),]BPh,
were prepared according to a method described in the literature.
The axial water molecules of [Ruz(0,CCMes)s(H20),1BFs were
removed before use by heating under a vacuum. The radicals m-
nitpy and p-nitpy were also obtained according to a method de-
scribed in the literature.”

[Ruz(02CCMe;3)s(m-nitpy):1BF4 (1). A 20 mg (0.027 mmol)
water-coordinated starting material, [Ruz(02CCMe3)4(H,0);1BFq,
was employed for a reaction with the radical m-nitpy (14 mg, 0.060
mmol) in CHCl, (3 cm®) under argon. Onto the reacted solution of
[Ru,(0,CCMes)4(H,0):1BFs and m-nitpy was slowly added hex-
ane (15 cm?); the resulting solution was kept quiet at room temper-
ature for several days. Formed blackish-green crystals were filtered
off, washed with hexane, and dried under a vacuum. The yield
was 23 mg (73% based on [RU2(OzCCMe3)4(H20)2]BF4). Anal.
Found C, 45.19; H, 5.94; N, 7.14. Calcd for C4sHezsBF4NcO2Rus:
C,45.47,H,590; N, 7.23%.

[Ruz(0,CCMes)s(m-nitpy),]BPh4-0.5CH,Cl; (2-0.5CH; Cl;).
The tetraphenyborate salt, [Ru2(0,CCMe;)4(H20):]1BPhs (20 mg,
0.021 mmol), and the radical m-nitpy (12 mg, 0.051 mmol) were
reacted in a 1: 1 solvent mixture of CH,Cl, (2 cm?) and hexane (2
cm’) under argon. Onto the reacted solution was slowly added hex-
ane (15 cm®); the resulting solution was kept quietat —1 °Cinare-
frigerator for several days. Formed blackish-green crystals were fil-
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tered off, washed with haxane, and dried under a vacuum. The yield
was 23 mg (76% based on [Ruy(O,CCMes)4(H,0);]BPhs). Anal.
Found C, 57.64; H, 6.26; N, 6.15. Calcd for Ces sHsgBCINsO12Ruz:
C, 57.25;H, 6.24; N, 5.85%.

[Ruz(0:CCMe;)4(p-nitpy):]BFy4 (3). This compound was
obtained as blackish-green crystals by employing 21 mg (0.029
mmol) of [Ruy(0,CCMe3)4(H,0),]BF4 and 16 mg (0.068 mmol)
of p-nitpy for a reaction in a similar manner to that of 1. The yield
was 30 mg (89% based on [Ruz(0,CCMes3)4(H20)2]BF,). Anal.
Found C, 45.30; H, 5.96; N, 7.07. Calcd for C4sHesBFsNO,Ru;:
C,45.47; H, 590; N, 7.23%.

[Ruz(02 CCMes)4(p-nitpy):]BPhs (4).  This compound was
obtained as blackish-green crystals by employing 20 mg (0.021
mmol) of [Ruy(0,CCMe3)s(H,0),]1BPhy and 16 mg (0.068 mmol)
of p-nitpy for a reaction in a similar manner to that of 2-0.5CH,Cl,.
The yield was 16 mg (55% based on [Ruy(O,CCMes)s(H,0)2]-
BPhs). Anal. Found C, 58.36; H, 6.17; N, 5.92. Calcd for
CesHggBNgO12Ru;: C, 58.56; H, 6.36; N, 6.03%.

Measurements. Elemental analyses for carbon, hydrogen, and
nitrogen were carried out using a Perkin—Elmer Series II, CHN/O
Analyzer. Infrared spectra (KBr pellets) and electronic spectra were
measured with JASCO IR-700 and Shimadzu UV-3100 spectrom-
eters, respectively. The magnetic susceptibilities were measured
over the 2—300 K temperature range on a Quantum Design MPMS-
5S SQUID susceptometer operating at a magnetic field of 0.5 T.
The susceptibilities were corrected for diamagnetism of constituent
atoms using Pascal’s constant.® The effective magnetic moments
were calculated from the equation pes = 2.828/yT, where y is the
magnetic susceptibility per Ru(Il,IT)—(nitroxide), unit.

X-Ray Crystal Structure Analysis. Crystals of
[RUZ(02CCMC3)4(m- nitpy)z]BF4 (1) and [RUz(OzCCMC3)4(p-
nitpy), ]BPh4-0.5CH,Cl; (4-0.5CH;Cl) were suitable for a single-
crystal X-ray structure determination. Diffraction data were col-
lected on an Enraf-Nonius CAD4 diffractometer using graphite-
monochromated Mo Ko radiation at 25+1 °C. The lattice con-
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stants were determined by a least-squares refinement based on 25
reflections with 20<26<30°. The intensity data were corrected
for Lorentz-polarization effects. The structures were solved by
direct methods. Refinements were carried out by the full-matrix
least-squares method. The non-hydrogen atoms were refined with
anisotropic thermal parameters. The methyl groups of pivalate
ions and the solvent CH>Cl; molecule for 4-0.5CH,Cl, were re-
fined isotropically. There were disorders at carbon atoms of the
t-butyl groups of 1 and 4-0.5CH,Cl, and the CH,Cl; molecule
of 4:0.5CH;,Cl,, and hence their positions were divided with the
same or different weights. Hydrogen atoms were fixed at their
calculated positions. The weighting scheme, w = 1/[0(|Fo|) +
(0.02|Fo|)* +1.0], was employed. The final discrepancy factors,
R = S|Fol —|Fel|/S|Fol and Ru = [Sw(Fol - [Fel /o[ 117,
are listed in Table 1. All of the calculations were carried out on a
VAX station 4000 90A computer using a MolEN program package.’
The relevant bond lengths and angles for 1 and 4-0.5CH>Cl; are
summarized in Table 2. The anisotropic thermal parameters of
non-hydrogen atoms and atomic coordinates are deposited as Doc-
ument No. 73062 at the Office of the Editor of Bull. Chem. Soc.
Jpn. Crystallographic data have been deposited at the CCDC, 12
Union Road, Cambridge CB2 1EZ, UK and copies can be obtained
on request, free of charge, by quoting the publication citation and
deposition numbers CCDC 149030, 149031.

Results and Discussion

The elemental-analytical data demonstrated that the de-
sired bis-adduct complexes, [Ruy(O,CCMes)4(L):]1X (L =
m-nitpy and p-nitpy; X = BF; and BPhy), were formed
when more than two-times as much as the nitroxide radi-
cals to the Ru(ILIII) salts were employed, though the reac-
tion using an equimolar amount of Ru(Il, ) salts and the
radicals gave the 1:1 complexes presumed to be the chain
complex [Ruy(02CCMe;3)4(m- or p-nitpy)],(BF,),.° The data

Table 1. Crystal Data and Data Collection Details

1 4-0.5CH,Cl,
Formula C4aHgsBF4sNgO12Ru, Ces.5sHgoBCINgO12Ru;
EW. 1162.20 1437.10
Crystal system triclinic monoclinic
Space group P1 P2/n
a/A 11.305(5) 16.705(3)
b/A 14.370(6) 13.902(2)
c/A 9.597(4) 17.707(3)
al® 103.81(2) 90
B/° 102.99(2) 110.40(1)
y/° 71.59(4) 90
V/A® 1417(1) 3854(1)
z 1 2
D./gcm™? 1.36 1.30
Dp/gcm™ 1.34 1.28
Crystal size/mm 0.60 x 0.39 % 0.35 0.40 x 0.38 x 0.20
uMo Ka)lcm™' 5.90 4.83
26 range/° 1.0—50.0 1.0—50.0
No. of reflections measured 4986 7071
No. of unique reflections with 4340 4155
1>30()
R 0.026 0.052
R. 0.033 0.067
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Table 2. Relevant Bond Lengths (A) and Angles (°) with
the Estimated Standard Deviations in Parentheses for 1
and 4-0.5CH:Cl,

¥ 4-0.5CH,CL)

Ru-Ru’ 2.276(1) Ru—Ru’ 2.282(1)
Ru-0O1 2.018(2) Ru-O1 2.019(4)
Ru-02’ 20202)  Ru-02' 2.018(4)
Ru-03 2.017(3) Ru-03 2.009(5)
Ru-04' 20153)  Ru-0O4 2.007(5)
Ru-N3 2.269(3) Ru-N3 2.282(6)
05-NI 1273(4)  O5-N1 1.27(1)
06-N2 1.274(4)  O6-N2 1.27(1)
Ru’-Ru-N3 176.5(1) Ru’-Ru-N3 173.9(2)

a) Primes refer to the equivalent positions (—x, —y, —z). b) Primes
refer to the equivalent positions (1 ~x, —y, —z).

concerning selected IR bands, electronic absorptions in the
reflectance spectra, and magnetic moments at 300 K are
summarized in Table 3 for the obtained complexes and their
parent complexes, [Ru;(0,CCMe;),(H,0),]X (X = BF, and
BPh,).'° The stretching carbonyl modes of the parent com-
plexes in the 1500—1400 cm™~! region were observed for
complexes 1—4 in the same region. The predominant bands
due to the BF; ion are shown around 1050 cm™' for com-
plexes 1 and 3.!" The N-O stretching bands (1368 cm™~! for
free m-nitpy and 1362 cm™! for free p-nitpy) can be seen at
ca. 1370cm™! for complexes 1—4. In the diffuse reflectance
spectra, the bands observed for the Ru(II,II) cationic dimer
(270, 305(sh), 430, 545 (sh), 985(br) nm for the tetrafluo-
roborate salt; 265, 305(sh), 430, 545(sh), 1000 nm for the
tetraphenylborate salt) are all shifted in their positions for
the present complexes. These IR and reflectance spectral
data support the formation of the desired bis-adduct Ru(ll,
IT) complexes.

X-ray structural analyses were performed for [Ru,(O,CC-
Mej3)s(m-nitpy);]BF4 (1) and [Rua(0O,CCMes)4(p-nitpy):]-
BPhy-0.5CH,Cl, (4-0.5CH,Cl,). The bis-adduct structure
of 1 is depicted in Fig. 1. A crystallographic inversion cen-
ter is located at the midpoint of the Ru—Ru’ bond of the
Ru(IL, M) core. The Ru-Ru’ bond distance is 2.276(1) A,
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Fig. 1.
(BFs) (1), showing the atom-labeling scheme.

View of structure of [Ru2(O,CCMes)s(m-nitpy). -
Thermal
ellipsoids are at the 35% probability level. There are dis-
orders at carbon atoms on a ¢-butyl group, of which those
labeled with a are depicted for each of the pairs of the dis-
ordered atoms. BF, ions are omitted for clarity. Primes
refer to the equivalent positions (—x, —y, —z).

which is in the range of those (2.24—2.30 A) reported for
Ru(II, 1) carboxylate dimers.'” The axial positions of the
Ru(ILLIIT) core are occupied by the pyridyl nitrogen atoms
of the two nitronyl nitroxide molecules with a separation
of 2.269(3) A. The Ru'~Ru-N3 angle is 176.5(1)°. The
two N-O bond lengths (1.273(4) (N1-05) and 1.274(4)
(N2-06) A) indicate that the nitronyl nitroxide exists as a free
radical.' The dihedral angle between the mean plane formed
by O5-N1-C11-N2-0O6 and the pyridyl ring is 30.4(2)°. The
angle is not unusual compared with those recently reported
for the nitroxide adducts of copper(Il) carboxylate dimers,
[Cuz(O,CCMes)a(p-nitpy)2] (9.47(23)°), [Cuz(02CMe)a(p-
nitpy)z] (26.08(12)°), [Cup(O,CCH,Ph)4(m-nitpy),] (28.76
(9)°), and [Cus(0,CMe)4(m-nitpy)], (29.5 (3)°).*™* The
closest contact distances between the nitroxide N-O groups
of two m-nitpy molecules of neighboring catonic units are as
follows: 06---06" = 3.981(4) A and N2.--06" = 3.836(4)
A (the double primes refer to the equivalent positions (-x, -
y-1, -z)). This kind of close contact has been reported for
other pyridyl nitroxide complexes.'™ The bis-adduct cation
unit of 4-0.5CH,Cl, is shown in Fig. 2. The crystallographic

Table 3. Infrared and Electronic Spectral Data and Magnetic Moments at 300 K.

IR/cm™! Amax/nm Heit/B.M.
0CO NO BF, (300 K)
1 1482, 1451, 1419 1369 1051 280(sh), 375, 600, 4.72
1115(br)
2.0.5CH,Cl, 1483, 1450, 1420 1370 225(sh), 290, 375, 605, 5.04
650, 1120(br)
3 1483, 1453, 1418 1371 1057 275, 360, 450(sh), 585, 4.79
640, 1040(br)
4 1485, 1455, 1421 1373 320, 380, 460(sh), 4.76
630, 1030(br)
[Ruz(0,CCMes)a(H,0), 1BE, 1486, 1456, 1425 1056 270, 305(sh), 430, 4,31
545(sh), 985(br)
[Ruz(0,CCMe3)4(H20)2 1BPhy 1485, 1448, 1423 2635, 305(sh), 430, 4.28

545(sh), 1000
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Fig. 2. View of structure of [Ru,(0,CCMe;)s(p-nitpy),]-
(BPhy4)-0.5CHCl; (4-0.5CH,Cl,), showing the atom-label-
ing scheme. Thermal ellipsoids are at the 35% probability
level. There are disorders at carbon atoms on a t-butyl
group, of which those labeled with a are depicted for each
of the pairs of the disordered atoms. BPh; ions are omitted
for clarity. Primes refer to the equivalent positions (1 —x,
-y, —27).

inversion center is located at the midpoint of the Ru—Ru’
bond, of which the distance is 2.282(1) A. The pyridyl group
of p-nitpy coordinates to the dimer unit with a distance of
2.282(6) A. The Ru'-Ru-N3 angle is 173.9(2)°. The N-O
bond lengths are 1.27(1) A (for N1-O5 and N2-06), indicat-
ing that p-nitpy exists as a genuine radical.'’® The dihedral an-
gle between the mean plane formed by O5-N1-C11-N2-06
and the pyridyl ring is 34.2(8)°, which is comparable to
that for 1 and larger than the uncoordinated one (22.8(1)°."3
The closest distance between the nitroxide oxygen atoms of
the neighboring cationic units O5---05” is 3.79(1) A (the
double prime refers to the equivalent position (3/2 —x, vy,
1/2—z)). The contact mode is different from that in 1, which
is schematically shown in Fig. 3.

The effective magnetic moments (per Ru(Il, II)—(nitrox-
ide), unit) for complexes 1—4 at room temperature (4.72—
5.04 B.M. (Table 3)) are close to that (4.58 B.M.) expected
for noninteracting spins, one S = 3/2 (Ru(Il,IlI) core) and

1.27(1) A
NZ—QSG
92.9(2)° 3.84(1) A
06——N2

a) [Ruy(0,CCMeg)4(rm-nitpy)2]BF, (1)

1.27(1) A
M08

106.8(6)0 “\\3'79(1) A

05

N1

b) [Ru2(OZCCMea)4(p-nltpy)2]BPh4°05CHZC|2 (4’050H20|2)
Fig. 3. Contact feature of two NO groups for 1 and 4-0.5CH,Cl,.
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two S = 1/2 (m- or p-nitpy), which implies that the mag-
netic interactions between the paramagnetic centers are es-
sentially weak. The temperature dependence of the mag-
netic moments of 1—4 are displayed in Figs. 4—7. All of
the complexes show decreases in the moments with low-
ering the temperature due to the strong zero-field splitting

5 COTCOTOTUNY 00T OTOIT000 004

il |
0 100 200 300
TK

Fig. 4. Temperature dependence of magnetic moment per
Ru(JLII)—(m-nitpy), unit for 1. The solid line is drawn
with parameters listed in Table 4. In the inset, the variable
temperature dependence of magnetic moment is simulated
based on model B with parameters gm = 2.3, gair = 2.0,
D=50cm ", Ju_r =0cm~!,and Jr..x = —10cm™".

50 100 TK
0 Il I
o 100 200 300
K
Fig. 5. Temperature dependence of magnetic moment per

Ru(ILIN)—(m-nitpy), unit for 2-0.5CH,Cl,. The solid line
is drawn with parameters listed in Table 4. In the inset,
the variable temperature dependence of magnetic moment
is simulated based on model B with parameters gm = 2.3,
gnit =2.0,D=50cm ™!, Jyr =0cm ™!, and Jp..x = — 10
em™!,

0 1 1
0 100 200 300

TK
Fig. 6. Temperature dependence of magnetic moment per
Ru(ILIT)—(p-nitpy), unit for 3. The solid line is drawn with
parameters listed in Table 4.
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Fig. 7. Temperature dependence of magnetic moment per

Ru(II,IN—(p-nitpy) unit for 4. The solid line is drawn with
parameters listed in Table 4.

within the Ru(II,Il) dimeric core (e.g., D = 60 cm™! for
[Rus(02CCMes)s(H,0),]BE,). 1212 Also, there is an impor-
tant difference in the magnetic behavior below ca. 50 K be-
tween the p-nitpy and m-nitpy adducts. The decrease in the
magnetic moments of 1 and 2 begins at ca. 50 K when the
temperature is lowered, while the moments do not decrease
until ca. 5 K for 3 and 4. We thus analyzed the magnetic
behavior of the adducts while considering this difference.
The possible interactions in the present system are depicted
in Scheme 1, where the intramolecular radical-radical inter-
action (Jr—g) are not taken into consideration, and are set
at 0 cm~! because the interaction through the coordinated
pyridyl group is too weak (see below) to give the signifi-
cant radical-radical interaction. A quantum treatment based
on the spin Hamiltonian, however, is still too complicated
to introduce all of the other magnetic interactions into the
theoretical equation. Hence, we applied a molecular-field
approximation® to the weaker interaction (Jy—g or Jr...r)
on the condition that one of the J values is considerably
smaller than the other. In the case of |Jgr..r| < |/m—r|, the
intradimer interaction between the Ru(ILIII) dimer and the
radical is predominant, here being termed model A." In the
case of |Jy—r| < |Jr...x|- the interaction between the nitrox-
ide radicals of the neighboring cation units through the space
is predominant, here being termed model B.'>!¢ Because the
interactions are both essentially weak compared to the zero-
field splitting, we estimated the J values by fixing D = 50
cm™~!. This qualitative analysis was effective to explain the
difference between the m-nitpy and p-nitpy adducts at tem-

Jr-R

* (nitpy)— (Ru-Ru)— (nitpy),

s=12 JMR S=32 JMR S=12
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peratures below 50 K. As shown in Figs. 4 and 5, the cryo-
magnetic behaviors of 1 and 2-0.5 CH,Cl, were sufficiently
simulated using an equation based on model A. An equation
based on model B was not able to well reproduce the behavior
at the low-temperature region (see the insets of Figs. 4 and
5). The obtained magnetic parameters are listed in Table 4,
in which gy and gy are the g factors of the Ru(Il,II) core
and the nitroxide ligand, respectively. The radical-radical
interaction (Jg...g) was estimated to be nearly zero based on
a molecular-field approximation. On the contrary, the mag-
netic behaviors of 3 and 4 could be explained by model B, as
shown in Figs. 6 and 7. The parameters used for the simula-
tion are listed in Table 4. Interestingly, the J values for the
Ru(IL,III)-radical interaction obtained by a molecular field
approximation are positive (0.8 cm™! for 3 and 1.4 cm™! for
4), which is responsible for well reproducing the plateau at
the low-temperature region. This result can be explained by
the spin-polarization mechanism® through the pyridyl group
by taking into account that the dihedral angle between the
pyridine ring and the ONCNO plane of m-nitpy and p-nitpy is
almost the same (ca. 30°) in 1 and 4.0.5CH,Cl,. In the case
of 3 and 4, there is an odd number of the atoms between the
paramagnetic Ru(II,I) core and the N-O group through the
n-system between two N—-O groups and that of the pyridyl
group in p-nitpy, while, in the case of 1 and 2-0.5CH,Cl,,
an even number of atoms exist between the Ru(ILIII) core
and the N-O group of m-nitpy. The chain complex of the
Ru(ILLII) dimeric cation [Ru;(0,CCMes)4(p-nitpy)],(BE,),
revealed a weak ferromagnetic interaction through the co-
ordinated pyridyl group (Jy—r = 0.45 cm™') between the

Table 4. Fitting Parameters for the Magnetic Data

1 2-0.5CH,Cl, 3 4
oM 23 23 225 2.09
Enit 2.0 2.0 20 2.0
Diem™ 50 50 50 50
JM—r —-10 -10 0.8% 1.4%
Jr—r 0 0 0 0
Jr..R 0 0 -5.0 -6.0
RI10° P 18 26 1.8 5.8

a) Estimated by a molecular field approximation.

b) R =3 (Xobsd — Xealed*/3_(Xobsa)*. Where y is the magnetic
susceptibility.

JR-R

“JReeR

(nitpy) — (Ru-Ru)— (nitpy)

S=12 JMR S=32 JMR S=12%
“JReeR

Scheme 1.
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Ru(IL,I) core and the radical.’ The difference in magnitude
of the through-space radical interaction (Jr...r) between the
m-nitpy adducts (0 cm~! for 1 and 2-0.5 CH,Cl,) and the
p-nitpy ones (—5.0 cm~! for 3 and —6.0 cm™! for 4) is
now unclear. Although this could be related to the different
way of contact between the uncoordinated nitroxide oxygen
atoms (Fig. 3), the observed contact for 1 should give an an-
tiferromagnetic interaction to some degree.!” At present, we
can not present any conclusive discussion on this problem,
and need to collect more data on many adduct complexes of
pyridyl nitronyl nitroxide radicals in combination with the
ruthenium(II,1T) carboxylate dimers.

In this study, we first successfully prepared bis-adduct
complexes of the ruthenium(IL,II) dimeric cation and the
pyridyl nitronyl nitroxide radicals [Ru;(0,CCMejs)4(L);]1X
(L = m-nitpy and p-nitpy; X = BF, and BPhy). It has been
crystallographically confirmed that the coordination of the
pyridyl groups occurs at both the axial sites of the Ru(ILIIT)
cation core by the X-ray diffraction method. Weak magnetic
interactions between the radical and Ru(IL,III) dimer through
the pyridyl group and the radicals of the neighboring cation
units through the space were observed. Our interest is now
directed to the use of the bis-adduct units as building blocks
by linkage of the uncoordinated N-O groups to the param-
agnetic metal ions to produce highly dimensional magnetic
materials. Such a study is under way in our laboratories.

The present work was partially supported by a Grant-in Aid
for Scientific Research (No. 10640547) from the Ministry of
Education, Science, Sports and Culture and by a grant from
the Mitsubishi Chemical Corporation Fund.
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