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Synthesis and Structure of a Complex Having a Quartet Ground State with Three Entirely
Different Spin Carriers: Nitronyl Nitroxide, o-Semiquinone, and CUi
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A “spin diverse”S = 3/2 ground-state complex, NN-SQCUFpMe has been prepared. The thige= 1/2 spin

carriers are nitronyl nitroxide (NN)-semiquinoned-SQ), and cupric ion. The solid-state structure of thé Zn
derivative, NN-SQZnTpU™Me (CseHgosBNgO4Zn), was determined: monoclini®2(1)lc, a = 12.5781(12) Ab

= 17.7408(17) A.c = 24.440(2) A,a. = 90.00, 8 = 98.240(2}, y = 90.00, Z = 4. The results of X-ray
structural characterization of the Zderivative suggest substantial interaction between the two spin carriers NN
ando-SQ. Indeed, strong intramolecular exchange coupling has been determined by variable-temperature magnetic
susceptibility studies. Intraligand ferromagnetic exchange is considerably greatkT tlsach that only the triplet

state is populated at 300 K, and 'Gtligand exchange is ferromagnetic, wilh= +75 cnt™.

An attractive feature of molecule-based magnetic matérials  diverse, ground-stat€ = 3/2 complex (NN-SQCuTg™M¢
is that they can be comprised of multiple, entirely different spin comprised of ferromagnetically coupled linear assembly of
carriers, including paramagnetic metal ions, coordinated and nitronyl nitroxide (NN), o-semiquinone (SQ), and cupric ion.
unbound organic radicals, and redox-active radical ions. This In addition, the structure of the Zrderivative, NN-SQZnT-
“spin diversity” allows the coexistence of physical properties pc™Me is reported.
associated with each constituent functionality, and opens the
door for different properties due to synergistic relationships
among organic and inorganic components.

These new materials and properties include magnetic conduc-
tors8 magnetic liquid crystalg10valence tautomerisi, pho-
tomagnetism?13and the photomechanical efféé¢tCertainly, ® )
even more new properties will emerge as additional molecules G0-F# -0
and materials are prepared through rational design and discovery. ’)—P
Herein, we report the preparation and properties of a spin
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Table 1. Crystallographic Data for NN-SQZnFynMe

Figure 1. ORTEP of NN-SQZnTf"™Me Cumenyl groups have been
omitted for clarity.

characterization of #-SQ-NN aniont® The p-SQ portion of
the latter biradical was introduced by sodium metal reduction
of the corresponding-quinone-NN radical. Along these lines,
we reported the EPR spectra of a8Q-nitroxide biradical?

but to our knowledge we are currently reporting the first example
of a three-spin system composed®m8Q, NN, and Cli.

Our synthesis, shown in Scheme 1, begins with the prepara-
tion of a nitronyl nitroxide catechol, NN-Catti° following an
analogous procedure used by VecidhaVe added thetert-
butyl group to the catechol ring to preclude bridging in metal
complexe¥ and as steric protection of SQ spin density. We
used Vahrenkamp’s T™Me ancillary ligand® complexed to
Zn" and CU, following the work of Pierporit and previous
work in our group?® Thus, both NN-SQZnT@™Me and NN-
SQCuTFY™Me are obtained in good yield by reaction of
TpCumMaVIOH with NN-CatH,.

Ferromagnetic coupling within the biradical ligand of NN-
SQMTUm™Me js assured by covalently linking an SQ atom
having positive spin density with an NN atom with negative
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chemical formula

GsHeoBNgO4Zn

alA 12.5781(12)
b/A 17.7408(17)
c/A 24.440(2)
o/deg 90.00
pldeg 98.240(2)
yldeg 90.00

VIA3 5397.3(9)

z

formula weight 994.37
space group monoclinic
T/°C —115

MA 0.71073
Pealedd CNT 3 1.224
ulem 5.07

Re[F? > 20(F 3] 0.0952
WR2 (F ?) 0.1770

aR = I||Fy| — |Fdl/s|Fol. PWR = 1/[0%(F2) + (0.0470P} +
23.7979P], where B (F2 + 2F2)/3.

Table 2. Bond Lengths and Torsion Angle for NN-SQZrfrp:Me

bond R(A)
C1-01 1.267(6)
C6-02 1.286(6)
Cl1-C2 1.451(8)
Cc2-C3 1.350(7)
C3-C4 1.48(8)
C4-C5 1.389(8)
C5-C6 1.410(8)
C6-C1 1.481(8)
C4-C11 1.440(8)
C11-N1 1.359(7)
C11-N2 1.361(8)
N1-03 1.276(7)
N2—-04 1.268(7)
Zn—01 2.142(4)
Zn—02 1.979(4)
Zn—N3 2.058(4)
Zn—N5 2.177(5)
Zn—N7 2.048(5)

atoms torsion angle

C1-C6 7.9(4)
N1-C11-N2

spin density, in accord with principles of high-spin-molecule
construction-2% Ferromagnetic coupling between the SQ and
Cu' units is guaranteed by having orthogonal SQ and Cu
magnetic orbital§, as has been demonstrated for'Nand
CU'SQ specied*229 Thus, a linear, three-spin, ferromagneti-
cally coupled complex is obtained.
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R e T T Therefore, only a lower limit 0f~310 cn1? can be placed on
=S . the value of the exchange paramet&rConsistent with the
Rl s S S 1 insulating properties of the ancillary ¥™Me ligand, the
"""" 1 decrease ifyparal at very low temperatures due to intermolecular
15 [ T — i interactions is negligiblét _
= ' o] 2.0173| 6.0011342 ) The plot ofyparal VS T for NN-SQCuTEU™Mejs also shown
= s 9 (k) | -0.70145| 0.0081627 ] in Figure 2 and is consistent with the design principles described
? I Jem™| +75.613|  0.96696 1 above. The room temperatuygaral Value of 1.67 emuK/mol
g ] R| 099727 NA ’ is greater than both three uncorrelated spips{l = 1.125
o emuK/mol) and uncorrelate®= 1 andS= 1/2 speciesSyparal
; ] = 1.375 emeK/mol), suggesting both strong intraligand fer-
¢ 8 L | romagnetic coupling and ferromagnetic metiiand coupling.
5 : In fact, the coupling within the organic ligand is so strongly
0.5 . ferromagnetic that the susceptibility data can be accounted for
i 1 using the Heisenberg Hamiltonian:
H=-2J5S,
(1) SPEFEFENE ENIPEPIFS SIS SN EPEPIPE e with S, representing the spin operator of 8r= 1 ligand and
0 50 100 150 200 250 300 S representing the spin operator of e 1/2 cupric ion. Using
Temperature (K) this Hamiltonian to solve for the spin state energies and
. ) umMe determining the corresponding Weiss molecular field corrected
E'E.E’é%%u%ﬂ?&fat“re dependencexl for NN-SQznTF*m*and Heisenberg Dirac—Van Vleck expressidi®? for the suscepti-
bility permits a fit of the experimental data.
Crystals of NN-SQZnTg'™Me were obtained by diffusion NB2T |'15+ 1.5 exp-3J/KT)
of a methanol layer into a methylene chloride solution of the Xparal — BK(T — 9)l 2+ exp(3JkT)
complex, and an ORTEP is shown in Figure 1. Crystallographic P

data and important bond lengths and angles are given in Tables The fit shown in Figure 2 was achieved with, = 2.017,

1 and 2, respectively. The-SQ bond lengths deviate from  Jsg-cu = +75.6 cn?, andf = —0.70 K.

typical valueg230with a structural deviation parameteér|A| We prepared a biradical ligand having both a robust triplet
= 0.1925 In addition, the structural deviation from-SQ is ground state, and two quite different coordination sites. A full
toward a quinoidal structure, suggesting substantial interactionreport of the magnetic properties of the NN-Catldnd

of 0-SQ with NN. Moreover, the NN bond lengths differ ~paramagnetic metal complexes®5Q-NN will be reported in

somewhat from those of the corresponding NN-GatHagain due course.
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