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Redox-active paramagnetic ligands are promising to play an

increasing role in molecular magneti$malence tautomerisit?
and perhaps single-molecule magrfetsin addition, cross-
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describe the spectroscopic and electrochemical changes that
accompany its unusual conversion to a new mixed-valent anion
(LZn) 1~ and biradicallLZn) »1.

Complex(LZn) ,1'-H was prepared as described previously,
and the structure is shown in Figure 1 (cumenyl groups have been
omitted for clarity). Selected geometric parameters are given in
the Table 1 along with analogous values for semiquin@&1@) (
and catecholateGat) complexes for comparisdid:2°

Complex (LZn),1'-H is of approximateC, symmetry as a
propeller-shaped conformation, with average dioxolene ring
torsion angles of 22%6and phenol ring torsion of ca. 3&lative
to the plane made by atoms C4, C53, C99, and C100. The C4
C99 and C53C99 bond lengths suggest delocalization between
dioxolene rings.

Dioxolene bond lengths have been used as the structural
criterion for distinguishingsQ from Cat.2% Typical C—O bond
lengths forSQ and Cat are 1.29 and 1.35 A, respectively. As

conjugated redox-active molecules are uniquely suited for cor- can be seen in Table (L.Zn),1'-H has two quite different €O

relating exchange coupling in biradical oxidation stateith spin/
charge delocalization in mixed-valent oxidation st&tés.

bond lengths: ca. 1.28 A and ca. 1.32 A. The shorte@bonds
are para to C99 and are in accord with partial double bond

Recently, we reported several redox-active, exchange-coupledcharacter as demanded by tMSQ formulation, while the

bis(semiquinone}3 % and a few of their dinuclear metal com-
plexest®1”One such bis(semiquinone) complexXli¥n) ,1, shown
below (L = tris(cumenyl-methylpyrazolyl)borate), prepared from

(LZn),1 (LZn),I’-H

(LZn),1"

the unique complef.Zn) ,1'-H by oxidationi® The new radical
dianionic ligand of(LZn) ,1'-H, Quinone-Methide-SemiQuinone
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Quinone-Methide-SemiQuinone (QMSQ'2'):
A Delocalized, S = 1/2 Radical Dianionic Ligand

longer C-O bonds are intermediate between thoses@f and
Cat.

In addition to C-O bonds, C+C6 bond lengths are also used
to distinguishSQ (1.45 A) fromCat (1.40 A). From Table 1, the
average value fofLZn) ,1'-H is 1.50 A—considerably longer than
eitherSQor Cat. In fact, the bond length pattern in the dioxolene
rings confirms the quinoidal structure {bzZn),1'-H (see Sup-
porting Information), again consistent with tRMSQ formula-
tion.

The phenol group imparts unique properties(t@n) ,1'-H:
H-atom abstraction gives a biradic¢élvhile deprotonation gives
a mixed-valent anion. The electrochemical and spectroscopic
manifestations of these tranformations are shown in Figure 2.

The cyclic voltammogram (CV) ofLZn),1'-H is shown in
Figure 2A (top left), and consists of a single reversible one-
electron reduction wave at0.63 V vs Ag/AgNQ that we assign
to the (LZn) ,1'-H/(LZn) ,1'-H~ (QMSQ/QMCat) couple.

Figure 2B (middle left) shows the CV recorded after stirring
(LZn) ,1'-H with PbG;, for 10 min to produce biradicgl.Zn) ;1,
and is comprised of two reversible reduction waves @58 and

(13) Shultz, D. A.; Boal, A. K.; Driscoll, D. J.; Farmer, G. T.; Hollomon,

(QMSQ), is semiquinone-like and the unpaired electron and two M. G.; Kitchin, J. R.; Miller, D. B.; Tew, G. NMol. Cryst. Lig. Cryst1997,

negative charges are delocalized over both rings as illustrated
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Figure 1. 50% ORTEP for (Zn),1'-H. Cumenyl groups have been
omitted for clarity.

Table 1. Selected Geometric Paramefeiwr (LZn),1'-H,
Metal-Semiquinone Complexe$ISQ), and Metat-Catecholate
Complexes KCat)

structural parameter LgZn)1'-H MSQ MCat
C1-01 1.284(3) 1.270 1.3%
C50-03 1.276(3)

C6—-02 1.314(3) 1289 139
C55-04 1.325(3)

C1-C6é 1.496(4) 1.462  1.4C
C50-C55 1.503(4)

C4-C99 1.473(4)

C53-C99 1.442(3)

dioxolene ring torsions 21.2(2), 24.0(2)

phenol ring torsion 37.6(1)

aBond lengths in A, bond torsions in deAverage bond lengths;
values are for 5-coordinate 3,5-@irt-butylsemiquinone complexes
taken from ref 20a¢ Average bond lengths; values are for 6-coordinate
3,5-ditert-butylcatecholate complexes taken from ref 20b.

—0.82 V with AE;;» ~ 240 mV. The first redox wave is for the
(LZn) ,1/(LZn) 1~ (SQ-SQSQ-Caf) couple, while the second
redox wave is for thgLZn),17/(LZn) 1>~ (SQ-Cat/Cat-Cat)
couple, and the 240 mV wave splitting corresponds to a
comproportionation equilibrium constant of ca>10hus, cross-
conjugated(LZn) ,1~ is best described as having a Class llI
(delocalized) mixed-valent dinuclear ligafcf?

Finally, (LZn),1'-H was treated with an excess of potassium
hydride, and the CV of the resulting anion is shown in Figure
2C (bottom left?® As expected, this voltammogram is nearly
identical with that in Figure 2B indicating that “deprotonated
(LZn),1'-H" is part of the(LZn),1/(LZn),17/(LZn) ;1%~ redox

series. Thus, the mixed-valent anion can be created by either

deprotonation ofLZn) ,1'-H or one-electron reduction ¢£Zn) ,1,
as indicated below.

(LZn),1'-H

"

(LZn),1 === (LZn),1"

“He

(LZn),1%

Figure 2 also shows the electronic absorption spectra for

(LZn),1'-H (D, top right), Na(LZn) 1~ (E, middle right), and
K*(LZn) .1~ (F, bottom right). ComplexLZn),1'-H shows a
unique NIR absorption band at 6870 ci Deprotonation of
(LZn) ,1'-H using potassium hydride to give'LZn) ,1~ results
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Figure 2. Cyclic voltammograms (left) forlZn ),1'-H (A: top), (LZn )1

(B: middle), and K(LZn),1~ (C: bottom; prepared by deprotonation
of (LZn),1'-H) as ca. 1 mM solutions in THF. The supporting electrolyte
is tetran-butylammonium hexafluorophosphate (400 mM). Scan rate
50 mV/s. Electronic absorption spectra (right) faz().1'-H (D: top),
Na"(LZn);1~ (E: middle; prepared by reduction ofZn),1), and
K*(LZn),1~ (F: bottom; prepared by deprotonation &Zf),1'-H) as
solutions in THF.

in the disappearance of the band at 6870 tmvithout the
concomitant growth of a new band in the NIR region. The lack
of a new band at lower energy supports our contention that
(LZn),1~ is a Class Il mixed-valent ligan#.The mixed-valent
species was also prepared by reductioifLam) ,1 with sodium
amalgar?® and the resulting spectrum is nearly identical with that
of K*(LZn) ;1™ prepared by deprotonation @fZn),1'-H, again
demonstrating thalLZn) ,1'-H can enter a redox series by either
an oxidation/reduction sequence or deprotonation.

We have shown that the unique structure @@BISQ ligand
allows the preparation of a mixed-valent ligand through an
oxidation/reduction sequence or by simple deprotonation. Further
studies of oulQMSQ ligand are underway.
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