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The chelating nitroxide ligands 2-(2-pyridyl)-4,4,5,5-tetramethyl-4,5-dihydtariidazolyl-3-oxide-1-oxy (NITPy,

1), 2-(2-imidazolyl)-4,4,5,5-tetramethyl-4,5-dihydrétdimidazolyl-3-oxide-1-oxy (NITImH,2), and 2-(2-benz-
imidazolyl)-4,4,5,5-tetramethyl-4,5-dihydrd43imidazolyl-3-oxide-1-oxy (NITBzImH,3) and some of their
transition metal complexes (Mn(ll), Ni(ll), Zn(ll)) have been prepared and characterized by X-ray diffraction
techniques and magnetic susceptibility measurements. All complexes are four- (or three-) spin systems where
the metal coordination sphere is free of ancillary ligands because of the chelate effect which enforces the
coordination of the oxyl group. Thiac or mer nature of these species depends on the metal ions and on the
steric demand of the ligand. It has been found that crystal packing is an important driving force towfad the
modification when steric requirements are not important. Crystal packing is probably also the cause of the
noncentrosymmetric space group observed for the derivatives of NITPy. For the Zn(ll) complex of NITImH, a
moderate inter-nitroxide interaction within the metal coordination sphereldf cnt?! is estimated. However,

due to the modification of the spin distribution upon complexation, this interaction does not play a major role in
the other complexes, where strong antiferromagnetic meitoxide interactionsif = —2J5-S§, —111 < J <

—53 cnml) are operative. The derivatives of NITImH are precursors of extended species which would be obtained
by deprotonation of the ligand.

Exceptional stability;> ease of chemical modificatioh? and 0 0 0
o . o . ; / / /

versatility in their coordination properti&s$ have made nitrox- jN N jN i-,N
ide free radicals one of the most attractive spin carriers for the N)\© N»\(h N)\(L\@
design of molecular magnetic materials. In nitroxigeetal | | mN | mN
complexes, exchange interactions ranging from strongly ferro- o o o
to strongly antiferromagnetic have been characterizétbw- 1 3
ever, the donor properties of the nitroxyl group are Seord Figure 1. Chemical structures of the ligands NITPY),(NITImH (2),
this is a strong limitation for obtaining structures of high and NITBzImH @).
dimensionality since coordination of the nitroxyl group occurs
only to crowded metal centers carrying electron-withdrawing
groups.

A strategy aimed at overcoming this limitation was recently

2

bring more versatility to the design of all types of molecular
magnetic materials, not only of multidimensional exchange-
coupled species.

d ibed which Initroxid ) high-spi In a first attempt along this line, we prepared and studied
escribed which uses polynitroxides possessing a hign-spin g, yiexes of nitroxide ligands where the coordination of the

ground state and metal hexafluoroacetylacgtoriﬁtgmwever, spin density rich oxyl group is enforced by the chelate effect.
we thought that metal centers free of ancillary ligands would 11 ase studies involved 2-(2-pyridyl)-substituted nitronyl ni-
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characterize complexes where the metal coordination sphere igadiation. The unit cell parameters were obtained by a least-squares
fully occupied by three chelating nitroxide ligands. Interest in fit of the automatically centered settings from 25 reflections; they are

these complexes relies on three features: (i) TR¥zdonor reported in Table 1, along with pertinent details regarding the structure
set in these octahedral species gives rise to stereo- and enantiOQetermlnatlon. Intensity data were corrected for Lorentz and polariza-

isomerism. Thus, structural and magnetic properties may be 1 &ffects but not for absorption. .

compared in related compounds. (i) Complexes of the three Structure determinations were performed using the heavy-atom

i d h f . in which th . id method included in the SHELXTL package, and the absolute structure
Igands are three- or four-spin systems in which three nitroxide ¢ yhe crystal used was established as described by Ffagke non-

ligands are located in close proximity. Depending on the sign pygrogen atoms were located in subsequent Fourier difference maps
and magnitude of the different possible interactions, one can and refined anisotropically. In the last refinement model, hydrogen
obtain a large variety of magnetic behaviors. (iii) Finally, some atoms were included in fixed and calculated positions with isotropic
of these systems are precursors of more extended structureshermal parameters proportional to those of the connected carbon atoms.
which might be obtained by deprotonation of the ligand. Selected bond lengths and angles are found in Table 2. Summaries
We report the structural and magnetic properties of five Of the crystal data and experimental parameters, atomic positional
complexes of ligandd—3 with nickel(ll) and manganese(ll) parameters, complete bond lengths and _angles, and anl_sotroplc thermal
along with a complex of zinc(ll) specially prepared to obtain parameters for compounds-9 are deposited as Supporting Informa-

insight into the inter-nitroxide interactions within th dina- o™
InSignt Into the Inter-nitroxide interactions within the coordina- Magnetic Measurements. Magnetic measurements were performed
tion sphere of the metal. Most of the complexes have been

. =Y ! on samples checked for stereoisomeric purity by powder X-ray patterns.
characterized as tHeC-6-21 (mer)modifications; in one case,  magnetic susceptibility data were collected by use of a Quantum Design
however, both isomer€C-6-21 andOC-6-22 (ac), of related SQUID susceptometer working at a 0.5 T field strength in th&@0
ligands have been characterized. In addition, two of these K temperature range. The SQUID outputs were corrected for the
compounds crystallize in a noncentrosymmetric space group andcontribution of the sample holder, and the magnetic susceptibilities were
exhibit the interesting properties of being pure enantiomers. corrected for the diamagnetic contribution of the constituent atoms by
Finally, ionization of the imidazole fragment in ligan2 use of Pascal constants.
affording a bis-chelating spin carrier will be discussed in Results and Discussion
connection with the synthesis of extended structures.
Synthesis. As already observel, the use of nitroxide
Experimental Section chelating ligands affords complexes where the nitroxyl oxygen
is coordinated. From the synthetic point of view, the only
Syntheses of the Ligands.The nitroxide ligand4—3 were prepared special feature stems from the possibility of obtaining the
as previously described:'® different stereoisomeric modification®C-6-21 (mei) andOC-
Syntheses of the ComplexesAll complexes were obtained using  6-22 fac), which are possible for an Mg¥'3 coordination
the same procedure: A 5 10~* mol (~100 mg) sample of ligand  pattern. Worthy of note is the fact that two modifications of
gnd 1.5x 104 mol of the appropriatg metal perchl_orate were dissolved the same complex have only been obtained for Mn(NITIgH)
e, eyt o s o (C109: and one ofthem, threr some, was obiained a5 a
P ) ys Y side product in one experiment when the synthesis was

dried under vacuum. The vyield of tris(2-midazoki-4,4,5,5- d d usi d imed desiani 1D .
tetramethyl-4,5-dihydroH-imidazolyl-1-oxy«O-3-oxide)metal(ll) per- conducted using a procedure aimed at designing Species.

chlorate was generally close to 50%60 mg). Anal. Calcd (found) Unfortuna_tely, only a few CW_Sta|S of this compound COl_J|d be
for Mn(NITImH)3(ClO4)2-fac, 4, CaoHasClaN1201aMn: C, 39.01 (39.23); characterized and its magnetic properties were not studied. For
H, 4.91(4.82); Cl, 7.58 (7.79); N, 18.22 (18.12); Mn, 5.96 (6.11). Calcd all other ligands and metal ions, only one modification was

(found) for Mn(NITBzImH)(ClOy),(EtOH)-mer, 5, C44H57CIoN1015 structurally characterized. Therefore, using the procedure
Mn: C, 47.22 (46.98); H, 5.14 (5.21); Cl, 6.25 (6.38); N, 15.03 (14.91); described in the Experimental Section, the complexes were
Mn, 4.91 (5.02). Calcd (found) for Mn(NITPY(CIOs)>-mer, 6, CagHag- obtained in a pure stereoisomeric form which depends on the

CloNgOwMn: C, 45.23 (45.28); H, 5.06 (4.92); CI, 7.32 (7.56); N, 13.19  natyre of the nitroxide ligand and of the metal ion.

(12.97); M, 5.75 (5.88). Calcd (found) for Ni(NITIME(CIO,)>-mer, Structural Studies. Among the six compounds, boflac
7, CaoHasCINOWNI: C, 38.91 (38.75); H, 4.90 (4.97); C, 786 (7.32); 1 iieations of NITImH (Mn(1), 4; Zn(ll), 9) crystallize in

N. 18.16 (18.11); Ni, 6.26 (6.37). Calcd (found) for Ni(NITEIO,).- the P2,/n space group and bothermodifications of NITBzImH
mer, 8, CoeHasClNsOwNi: C, 45.08 (45.21); H, 5.05 (4.97); Cl, 7.30 "y ”l SP dgf N?TI LN, 7 illve in theCal
(7.52); N, 13.15 (13.02); Ni, 6.05 (6.27). Calcd (found) for zn(NITingH)  (Mn(ll), 5) and of NITImH (Ni(ll), 7) crystallize in c
(ClOy)-fac, 9, CaHusCloN120:14Zn: C,38.66 (38.77); H, 4.87 (4.68);  space group, while, for both NITPy derivatives (Mn(lB;

Cl, 7.51 (7.83); N, 18.05 (17.89); Zn, 6.87 (6.64). In an alternative Ni(ll), 8), the P2; space group is observed.

procedure, the same quantity of ligand was mixed vifghequiv of The molecular structures of the three different types of
M(II) (Mn or Ni) acetate in 10 mL of me.thanol. '_FheHs equiv of ' complexes are displayed in Figures2for [Mn(NITImH)3]2*-
M(CIO,)26H,O was added and the solution kept in the dark. Using f5¢ (421, [Mn(NITBzImH)3]2*-mer (521), and [Mn(NITPy}]?*-
ligand 1, both procedures gave identical compounds, while for ligands mer (62%), respectively.

2 and3, 1D complexes (described in the following paper) were obtained. . I

' . Although for all compounds the bond distances are within
However, in one experiment, the manganese(ll) complex Mn(NITnH) the e e?:ted ranae thg octahedral coordination sphere of the
(ClOy), was isolated41%) by hand-picking and identified as theer Xp ge, okl p

modification. Crystals suitable for X-ray diffraction studies were found Mn(Il) ions is highly distorted. Angles far from the ideal values
in all preparations. For compousdsatisfactory crystals were obtained ~ 0f 180 and 99 such as N3B-Mn—N3C = 157.0(2) and N3A-

only using ethanol as solvent which is included as solvate. Mn—N3C = 106.5(2} are found in5. These distortions must
X-ray Diffraction Studies. Crystals of approximate dimensions 0.2 be considered as upper limits because of the presence of the

x 0.1 x 0.1 mn? were mounted on an Enraf-Nonius CAD-4 four-  sterically demanding ligand NITBzImH, but the data concerning

circle diffractometer equipped with graphite-monochromatized Mo K the Ni(Il) and Zn(ll) compounds also show significant distor-

(12) Richardson, P. F.; Kreilick, R. W. Am. Chem. S0d977, 99, 8183. (14) (a)SHELXTL Version 5.030; Siemens Analytical X-ray Instruments:
(13) Fegy, K.; Luneau, D.; Ohm, T.; Paulsen, C.; ReyARgew. Chem. Madison, WI, 1994. (b) Flack, H. DActa Crystallogr.1983 A39,
1998 37, 1270. 876.
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Table 1. Crystallographic Data for Compounds-9

4 5 6
chem formula @3H45C|2N12014Mn C44H57CI2N12015Mn C36H4gCI2N9014Mn
fw 923.6 1119.9 956.7
cryst system monoclinic monoclinic monoclinic
space group P2:/n C2lc P2
T (K) 293 293 293
2 A 0.710 73 0.710 73 0.710 73
Pealca (g CMT3) 1.503 1.421 1.458
Pobsd (g cNT3) 1.48(3) 1.43(3) 1.47(3)
w(cm) 5.1 4.3 5.0
a(h) 15.832(3) 40.415(4) 10.587(2)
b (A) 10.346(3) 12.875(2) 14.766(3)
c(A) 26.029(4) 25.917(1) 14.603(3)
S (deg) 106.78(1) 129.09(1) 107.31(3)
V (A3 4082 10 468 2179
VA 4 8 2
R(Fo)? 0.051 0.062 0.052
R,(F?)P 0.133 0.187 0.136

7 8 9
chem formula @3H45C|2N12014Ni C35H43C|2N9014Ni 030H45CI2N12014Zn
fw 927.4 960.4 934.1
cryst system monoclinic monoclinic monoclinic
space group C2/c P2; P2:/n
T(K) 293 293 293
A 0.710 73 0.710 73 0.710 73
Pealed (g €n3) 1.386 1.486 1524
Pobsd (g cnT) 1.36(3) 1.50(3) 1.54(3)
u(cm™) 6.3 6.5 7.1
a(h) 23.773(2) 10.523(2) 15.788(2)
b (A) 11.391(2) 14.679(3) 10.364(2)
c(A) 33.356(3) 14.528(3) 26.013(4)
f (deg) 100.14(3) 107.00(3) 106.98(3)
V (A3) 8891.7 2146.0 4070.6
A 8 2 4
R(Fo)? 0.085 0.046 0.090
Ru(F?)P 0.239 0.127 0.161

AR(Fo) = X[IFol = IFcll/ZIFol. ® Ra(F?) = { T[W(Fo? — FAV Y [W(Fo)} Y2

tions. Within the series, complexes of NITImH are less distorted that this more symmetrical molecule (lo&J, symmetry) packs
than those of NITPy. In all complexes, the three nitroxide more compactly than theer molecule. This is illustrated by
ligands show the expected structural characteristics such as @he higher density values-(L.5) observed for the crystals 4f
slight elongation40.1 A) of the N-O bond of the coordinated  and9. Therefore, theneror fac nature of a complex depends
nitroxyl groug® and significant differences of the angle between on steric crowding related to the nature of the metal ion and
the two rings (Table 3). This twist angle seems to be the nature the ligand; it also depends on intermolecular
independent of the isomeric modification of the complex but is interactions which drive the compound toward the modification
much weaker in the NITImH derivatives than in the NITPy ones, which packs more compactly.
and in5, the ligand is almost planar. This fact is not consistent ~ From the magnetic point of view, bonding interactions are
with steric crowding of the coordination sphere since the more of importance, but in such crowded coordination spheres, it is
bulky ligand is the less twisted; it seems to be related to the worthwhile to consider also the intramolecular contacts between
more delocalized nature of the ligand NITBzImH. nonbonded spin carriers since, in all complexes, distances
Steric crowding, however, is expected to play an important between nitroxyl oxygen atoms as small as 2.95 A are observed.
role in stereoselectivity. Among the six complexes, only two In addition, intermolecular interactions may be important for
(4 and9) exhibit thefac configuration and both are derivatives understanding the magnetic behavior, at least at low temperature.
of NITImH, the less sterically demanding ligand. However, Although not isometric, the two complexes exhibitingaa
the third derivative of NITImH, the nickel(ll) complex, is arrangement4 and 9, are isomorphous and show several
found as thenea modification; the shorter bond lengths expected intermolecular short contacts resulting from a peculiar crystal
and observed for Ni(ll) compared to Mn(ll) are probably at the packing as shown in Figure 5. The perchlorate anions connect
origin of steric congestion, which results in a preferraedr the molecules through a net of hydrogen bonds involving the
arrangement. Such an influence of the size of the ligand is amino group of the imidazole fragments, which results in chains
illustrated by complex5, in which three bulky NITBzImH running along thé axis. In addition, two molecules belonging
ligands could not be accommodated around the metal ion in ato neighboring chains and related by the inversion center are
fac configuration. The same considerations hold for the close enough to bring one oxyl group (O2C) into contact (3.1(1)
derivatives of NITPy, a ligand which is fairly bulkier than A) with another one (O1A). Finally, in this pair of molecules,
NITImH. Following this line of arguments, however, theer stacking of two imidazole fragments is observed with a short
modification of complex4 should be highly probable, while it distance of 3.24(5) A. A similar arrangement is also observed
has been only obtained in poor yield and in special circum- in 5, but z-stacking involves phenyl groups at distances of
stances. Another driving force for stereoselectivity is found in 3.48(6) A. In addition, the molecule of ethanol is hydrogen-
crystal packing. Considering thfac modification, it is seen bound to an oxyl oxygen and an imidazole NH group belonging
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Table 2. Selected Bond Lengths (A) and Angles (deg) croc  CNC C2A 13
™ S S

4 5 6
M—O1A 2.180(3) 2.181(3) 2.111(5) CEA
M-01B 2.134(3) 2.199(4) 2.107(5) X
M—01C 2.175(3) 2.142(4) 2.114(4)
M—N3A 2.209(4) 2.206(4) 2.231(5)
M—N3B 2.212(4) 2.257(4) 2.283(5)
M—N3C 2.227(4) 2.214(4) 2.255(5)
N1A—O1A 1.305(4) 1.291(5) 1.281(7)
N1B—-O1B 1.290(4) 1.294(5) 1.296(6)
N1C-0O1C 1.287(4) 1.305(5) 1.297(6)
N2A—-02A 1.275(5) 1.272(5) 1.274(8)
N2B—02B 1.269(5) 1.270(5) 1.273(7)
N2C-02C 1.271(5) 1.23(5) 1.262(7)
O1A-M-01C 175.2(1) 167.5(2)
O1A—-M—N3B 169.1(2)
81;_”_“32 169.5(2) 171.9(1) 173.3(2) Figure 3. M_olecular structure of [Mn(l}llTE&_zIml—i;]2+ (5%") showing
N3B—M—N3C 157.02) 160.6(2) the num_bermg scheme. Thermal ellipsoids are drawn at the 30%
01C—M—N3A 1723(2) probablllty level.
7 8 9
M—-01A 2.109(6) 2.012(4) 2.17(1)
M-01B 2.049(7) 2.047(4) 2.12(1)
M-01C 2.120(6) 2.059(4) 2.17(1)
M~—N3A 2.074(8) 2.060(4) 2.07(1)
M—N3B 2.096(8) 2.106(4) 2.08(1)
M~—N3C 2.052(8) 2.103(4) 2.11(1)
N1A—O1A 1.285(9) 1.292(6) 1.30(1)
N1B—-0O1B 1.252(10) 1.283(6) 1.28(1)
N1C-01C 1.288(9) 1.287(5) 1.28(1)
N2A—02A 1.276(10) 1.268(7) 1.27(1)
N2B—02B 1.268(11) 1.251(6) 1.28(1)
N2C-02C 1.264(11) 1.265(6) 1.32(1)
0O1A-M-01C 177.6(3) 176.8(2)
O1A—-M—N3B 166.1(5)
0O1B—M—N3A 176.1(3) 177.9(2)
(I\)L%E_m_mgg 174.0(3) 165.8(2) 166.3(5) Figure 4. Molecular structure of [Mn(NITPy)?" (62") showing the
O1C—M—N3A 175.0(6) Ir;lilrglbermg scheme. Thermal ellipsoids are drawn at the 30% probability

interactions. Close examination of the structural parameters for
6 and 8 provides no a clear understanding of this selectivity.

Magnetic Studies. At first sight, these systems are simple,
and interpretation of their magnetic properties is expected to
be straightforward. However, several interactions have to be
considered: large direct coupling between metal(ll) ions and
organic radicafs (except for 9) and through-space direct
intramolecular interactions within the metal coordination spheres
between the nitroxide ligands (O01B = 2.95(4) A, in4)
which are difficult to quantify but can be rather laré$ Both
interactions are expected to be antiferromagnetic.

An overall antiferromagnetic behavior is indeed observed,
as shown for comple® in Figure 6. At 300 K, the value of
xT is much weaker than that expected for independent spins
and, upon a decrease in temperature, reaches a plateau whose
value T = 1.02 cn? K mol~1) corresponds to a= 1 ground
spin state. Such a ground state of low-spin multiplicity and
antiferromagnetic metalradical interactions are confirmed by

to the same molecule; these contacts are not expected to havéhe magnetization which saturates in a field weakenthd at
significant influence on the magnetic properties. As mentioned 2 K to a value of 11 200 cfG mol (2.01 ug). A similar
before, the crystal packing is less effective in all other qualitative magnetic behavior is observed for compleke$
Comp|exesﬁ—8, which exist as thener modification. There- and 8; in the last hOWEVGI’, the ground spin state is a doublet
fore, much larger intermolecular distances are observed in thesecorresponding to a high-spin nickel(ll) ion antiferromagnetically
species so that, from the magnetic point of view, they will be coupled to three nitroxide groups. For the three other com-
considered as isolated four-spin systems. :

All other structural features need no further comments except (1) ganfrla9n9c3dfll=;agg§;, F. Luneau, D.; Laugier, J.; Re§, Rm. Chem.
for the presence of chiral selectivity in the complexes of NITPy, (4 p(;?" Y. Lang, A.; Bergerat, P.; Kahn, O.; Fettouhi, M.; Ouahab, L.
which is probably related to crystal packing and intermolecular Inorg. Chem.1996 35, 193.

Figure 2. Molecular structure of [Mn(NITImH?" (4?*) showing the
numbering scheme. Thermal ellipsoids are drawn at the 30% probability
level.
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Table 3. Structural Parameters Relevant to the Understanding of the Magnetic Properties (for Liga@Gjls A

o (deg) M—0O—N (deg) B (deg)
compd A B C A B C A B C
4 7.4(2) 12.1(3) 14.6(3) 125.4(2) 128.1(3) 129.1(3) 9.6(2) 31.3(4) 18.9(4)
5 2.9(1) 5.5(2) 10.5(3) 125.1(3) 122.6(3) 117.3(3) 23.9(2) 35.6(3) 40.6(3)
6 27.9(4) 24.2(4) 18.9(5) 123.7(5) 121.3(4) 114.4(3) 46.4(5) 44.3(4) 35.2(3)
7 15.6(2) 11.7(2) 7.7(3) 124.0(5) 124.4(6) 126.1(5) 24.1(3) 24.3(4) 11.9(4)
8 45.3(5) 16.2(3) 33.8(5) 121.3(3) 117.5(3) 114.6(3) 25.5(5) 43.8(6) 45.2(5)
9 16.4(7) 11.4(5) 3.8(2) 123.1(9) 123.4(9) 127.3(9) 18.2(6) 9.7(5) 13.7(7)

a Angle between the imidazole and the imidazoline rings in the nitroxide lig&naisgle between the MO—N plane and the imidazoline plane
for each ligand.

4T /cem?® K mol”

0 T T T T T T
0 50 100 150 200 250 300
Figure 5. Scheme displaying the closest intermolecular contact in the T/K
fac complexesA and9. Figure 7. Temperature dependence;gf for complex9.
3.0 q value would be 0.375 cfiK mol~1. In contrasty T approaches
zero asT reaches 2 K. The crystal structure shows several
‘1 intermolecular short contacts (vide infra). Hydrogen bonding
through perchlorate anions is not expected to mediate any strong
2.0 magnetic interaction; in contrast, close inter-nitroxyl contacts

within the metal coordination sphere could be more efficient,
but since the nitroxyl groups involved in these contacts are
almost orthogonal, the resulting interaction is expected to be
rather weak? The last intermolecular coupling pathways would

involve neighboring molecules related by the inversion center:
sr-stacking of imidazole groups and contacts between uncoor-
dinated NO groups. In this pair of molecules, the imidazole
groups are oriented in such a way that sites of positive spin

%T/cm? K mol
1

_.
o
L

0 . . . . . density are in close contact with sites of negative spin deffity.
0 50 100 150 200 250 300 Polarized neutron diffraction experiments have shown that
T/K delocalization of spin density on an aromatic substituent in
Figure 6. Temperature dependence )df for complex4. nitronyl nitroxide is weak, and therefore, the reSUlting magnetic

coupling should also be wedk. More significant could be the

plexes, no such clear qualitative description of the ground stateinteractions between uncoordinated NO groups, but on examin-
is available. For Ni(NITImHYCIOy),, 7, the value ofy T below ing the structural parameters, one does not expect a large
50 K depends on the rate of cooling, and measurements are nogoupling. In a first attempt, the magnetic behavior was fit by
reproducible. The compound is probably subject to crystal- considering one intramolecular coupling constant between the
lographic modifications inducing changes of the bonding three nitroxide ligands and intermolecular interactions were
parameters within the coordination sphere and changes of themodeled in the molecular field approximatigh.A nitroxyl—
coupling interactions. No attempts have been made to determinehitroxyl interaction ofJ = —17(3) cm! and an unrealistic
a coupling constant from these data. intermolecular interaction afJ = —11(2) cnt! were obtained.

In contrast, for comple®, whose magnetic behavior is shown  This result and the monotonic temperature dependengd of
in Figure 7, the measurements are reproducible. This compound - - -
is very interesting since the three nitroxide ligands are coordi- 7) gﬁgﬁqs%qu.z;gFir?rgéo, F.; Gatteschi, D.; Rey, P.; Sessolndtg.
nated to a diamagnetic metal ion and one could expect to (18) McConnell, H. M.Proc. R. A. Welch. Found. Conf967, 11, 144.
determine the coupling between neighbor radicals within the (19) Zheludev, A.; Barone, V.; Bonnet, M.; Delley, B.; Grand, A.;
metal coordination sphere. Obviously, if this three-spin system ?SSZ"ffé‘ez’o'ig Rey, P.; Subra, R.; Schweized, Am. Chem. Soc.
could be considered as isolated molecules in the solid, the 0y Ginsberg, A. P.: Martin, R. L.; Brookes, R. W.; Sherwood, RIn@rg.
ground spin state would be a doublet and the corresponding Chem.1972 11, 2884.
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suggest that the inter-nitroxide interactions within the coordina- reported in the latter case which suggest that binding of the
tion sphere are not dominant and that, as suggested by the crystamidazole or pyridyl groups in a chelating mode substantially

structure, a model including two molecules should be consid- lessens the magnitude of the exchange coupling. From the
ered. Such a model of two exchange-coupled three-spin systemsnagnetic point of view, such a chelating mode is characterized

afforded an intramolecular nitroxylnitroxyl interaction ofJ
—14(3) cnm! and an intermolecular interaction df'
—24(4) cntl. Notably, the quality of the fitR = 3 (yobsd —
2calcd?Y (Yobsd? = 5.2 x 107°%) was much better.

For the manganese(ll) analogu&, which is isomorphic
(although not isometric) witl®, the same model including an
additional Mn—nitroxyl interaction was not considered since
our program® cannot handle so many magnetic centers.
However, for a four-spin system, a metalitroxide interaction
of J= —53(2) cnT! andzJ = —1.4(3) cnT! were obtained by
fixing the intramolecular inter-nitroxide interaction to zero.
Interestingly, the quality of the fit and the valuebivere almost
independent of the value of the inter-nitroxide interaction. The
latter fact and the weak intermolecular interaction can be
understood by considering ti&= 1 total ground state where,
compared to that of the uncoupled spin carriers, the spin
distribution is strongly modified because the manganese
nitroxide interaction is dominant. Indeed, straightforward
calculations show that the contribution of each nitroxide ligand
to the magnetic moment of the ground spin state is erli
while that of the manganese ion 4s’/4. Thus, although the
intra- and intermolecular nitroxidenitroxide interactions are

by the presence of another coupling pathway through the
chelating nitrogen atom which could be the cause of the
observed weakening. However, as stated before, polarized
neutron data have shown that, in the phenyl-substituted nitroxide,
delocalization of the spin density on an aromatic substituent is
rather weak, suggesting that the new pathway is not highly
efficient. A consequence of such a chelating mode, however,
is reflected in structural parameters around the bound nitroxyl
oxygen atom. Indeed, if one considers that the antiferromagnetic
interaction results primarily from the overlap of the nitroxide
s* magnetic orbital and the metal orbital pointing toward this
ligand, the formation of a chelate ring results in a low value of
the M—O—N angle and a value of the angle between the MON
plane and the imidazoline ring far from 90 While the first
feature would increase the overlap between the metal and ligand
orbitals, the second feature is expected to result in a large
weakening of the overlap and of the exchange value. Another
consideration supports a weaker metadical exchange inter-
action. Compared to the previous examples, in compodnds

and 8 the metal center does not carry electron-withdrawing
groups. Therefore, the d metal orbitals involved in the
coordination of the nitroxyl oxygen is destabilized and the

expected to be of the same order of magnitude, their values arebinding is weaker. Thus, the exchange constant is expected to

probably much weaker than those observed%orTherefore,
in compounds4—8, where the metal ion is paramagnetic, the
magnitude of the antiferromagnetic metaitroxide interaction
minimizes the role of inter-nitroxide coupling. The following
metak-nitroxide coupling constants were determindgd:—53(2)
cm L 5, —79(5) cntl; 6, —88(5) cntl; 7, undetermineds,
—111(7) cnL. The function minimizedR = 5 (yobsd— Xcaicd?
> (xobsd? Wwas in the range 3.6« 104-2.4 x 1075 and
intermolecular interactions{) were weaker than 1.6 cmh

For both manganese(ll) and nickel(Il) complexes, the cou-
pling constants compare well with those observed for the
derivatives of NITPy with the corresponding metal chlorides,
—79(5) and—110 (11) cnT?, respectivelyt! In contrast, they

are much weaker than those observed for other species involving
metal hexafluoroacetylacetonates and nitronyl nitroxide ligands

that are bound only by the nitroxyl oxygen atofi33 Indeed,
exchange interactions 50% largéd| (=~ 150 cn1l) have been

(21) Belorizky, E.; Fries, P. H.; Gojon, E.; Latour, J.-Mol. Phys.1987,
61, 661.

(22) Caneschi, A.; Gatteschi, D.; Renard, J.-P.; Rey, P.; SessotipRy}.
Chem.1989 28, 2940.

(23) Belorizky, E.; Rey, PMol. Phys.1992 75, 563.

decrease.

Conclusion. Complexes4—9 show that, using chelating
ligands, it is possible to obtain metatitroxide species where
the coordination sphere is free of ancillary electron-withdrawing
groups. In these four-spin systems, the metdiroxide cou-
pling constant is weaker than that observed in derivatives of
metal hexafluoroacetylacetonates but still rather large.

The complexes of the imidazole-substituted nitroxide deserve
special mention since ionization of the imidazole substituent
will result in another chelating site; such an imidazolato-
substituted bridging ligand is expected to allow the preparation
of extended species where metal ions and nitroxide ligands
alternate regularly.
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