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Paramagnetic Zinc(ll) Complexes of a Bis(catechol): Dependence of Product Spin State on

Tautomerization of the Bis(catechol) Ligand
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Receied September 10, 1998

We report the preparation and characterization of zinc(ll) hydrotris(3-cumenyl-5-methylpyrazolyl)ddZate (
complexes(LZn) ;1'-H and(LZn) 71, of a bis(catechol) ligand. The formation @fZn) ;1'-H, anS= %, complex,
rather thar(LZn) ,1, anS= 1 complex, is observed due to tautomerization of a reaction intermediate. The biradical
complex,(LZn) ,1, can be prepared froifi.Zn) ,1'-H by oxidation, a conversion that is accompanied by a blue-
green to red-purple color change and an increase in spin %ot 1. The frozen solution EPR spectrum of the
biradical complexLZn) ;1 exhibits zero-field splitting and Ams = 2 transition characteristic of a triplet state.

The temperature dependence of the EPR signal intensity is consistent with high-spin coupling of the unpaired

electrons of the ligand.

Introduction

In addition to preparing molecular magnets with ever-higher

ordering temperatures, there is considerable interest in coupling
magnetism to optical, redox, mechanical, and other properties.

A central issue for designing such materials is identifying

Transition metal complexes of semiquinones have been shown
to exhibit numerous interesting electronic and exchange coupling
properties’®102538 \We recently reported the synthesis and
characterization of several bis(semiquinone) ligands to be used
for the construction of extended soli#fs*2 Our biradical ligands

molecular fragments that trigger changes in magnetic properties20) Research Frontiers in Magnetochemis®/Connor, C. J., Ed.; World

upon irradiation with light, upon electron transfer, or as a
consequence of a chemical reactioi*
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E-mail: shultz@chemdept.chem.ncsu.edu. Fax: (919) 515-8920. Web:
http://www2.ncsu.edu/ncsu/chemistry/das.html.

(1) Cheesman, M. R.; Oganesyan, V. S.; Sessoli, R.; Gatteschi, D.;
Thomson, A. JChem. Commurl997, 1677.

(2) Sato, O.; lyoda, T.; Fujishima, A.; Hashimoto, 8ciencel996 272,
704.

(3) Adams, D. M.; Li, B.; Simon, J. D.; Hendrickson, D. Angew. Chem.,
Int. Ed. Engl.1995 34, 1481.

(4) Gilich, P.; Hauser, A.; Spiering, HAngew. Chem., Int. Ed. Engl.
1994 33, 2024.

(5) Nagai, K.; lyoda, T.; Fujishima, A.; Hashimoto, Bynth. Met1997,
85, 1701.

(6) Sato, O.; lyoda, T.; Fujishima, A.; Hashimoto, 8ciencel996 271,
49

(7) Sedo, J.; Ventosa, N.; Ruiz-Molina, D.; Mas, M.; Molins, E.; Rovira,
C.; Veciana, JAngew. Chem., Int. EA.998 37, 330.

(8) Gilich, P.; Dei, A.Angew. Chem., Int. EA.998 37, 2734.

(9) Garcia, Y.; van Koningsbruggen, P. J.; Bravic, G.; Guionneau, P.;
Chasseau, D.; Cascarano, G. L.; Moscovici, J.; Lambert, K.; Micha-
lowicz, A.; Kahn, O.Inorg. Chem.1997, 36, 6357.

(10) Roux, C.; Adams, D. M.; ltied. P.; Polian, A.; Hendrickson, D. N.;
Verdaguer, M.Inorg. Chem.1996 35, 2846.

(11) Attia, A. S.; Pierpont, C. GInorg. Chem.1995 34, 1172.

(12) Michalowicz, A.; Moscovici, J.; Cucourant, B.; Cracco, D.; Kahn, O.
Chem. Mater1995 7, 1833.

(13) Armand, F.; Badoux, C.; Bonville, P.; Ruaudel-Teixier, A.; Kahn, O.
Langmuir1995 11, 3467.

(14) Hendrickson, D. N.; Adams, D. M.; Dei, A.; Rheingold, A.L.Am.
Chem. Soc1993 115, 8221.

(15) Hendrickson, D. N.; Adams, D. M.; Dei, A.; Rheingold, A.Angew.
Chem., Int. Ed. Engl1993 32, 391.

(16) Buchanan, R. M.; Pierpont, C. G.Am. Chem. S0498Q 102 4951.

(17) Ishiguro, K.; Ozaki, M.; Sekine, N.; Sawaki, ¥. Am. Chem. Soc.
1997 119 3625.

(18) Martin, V. V.; Keana, J. F. WJ. Chem. Soc., Chem. Comm@895
723.

(19) Gatteschi, D.Molecular Magnetic Materials Kluwer Academic
Publishers: Amsterdam, 1991.

10.1021/ic981092k CCC: $18.00

Scientific: Singapore, 1993.

(21) Kahn, O.Molecular MagnetismVCH: New York, 1993.

(22) Molecular Magnetism: From Molecular Assemblies to thevibes
Coronado, E., Delhaes, P., Gatteschi, D., Miller, J. S., Eds.; Kluwer
Academic Publishers: Dordrecht, The Netherlands, 1996; Vol. 321.

(23) Molecule-Based Magnetic Materials. Theory, Techniques, and Ap-
plications Turnbull, M. M., Sugimoto, T., Thompson, L. K., Eds.;
ACS Symposium Series 644; American Chemical Society: Washing-
ton, DC, 1996.

(24) Proceedings of the Fifth International Conference on Molecule-Based
Magnets, Osaka, Japan, 1996; Itoh, K., Miller, J. S., Takui, T., Eds.
Mol. Cryst. Liq. Cryst.1997, 305306

(25) Pierpont, C. G.; Lange, C. WProg. Inorg. Chem1994 41, 331.

(26) Gatteschi, D.; Dei, Alnorg. Chim. Actal992 198—200, 813.

(27) Pierpont, C. G.; Buchanan, R. M@oord. Chem. Re 1981, 38, 45.

(28) Lynch, M. W.; Valentine, M.; Hendrickson, D. N. Am. Chem. Soc.
1982 104 6982.

(29) Wesemann, J. L.; Chisholm, M. thorg. Chem.1997, 36, 3258.

(30) Adams, D. M.; Hendrickson, D. NI. Am. Chem. Socd996 118
11515.

(31) Pierpont, C. G.; Conklin, B. J.; Lange, C. Worg. Chem1994 33,
1276.

(32) Pierpont, C. G.; Hendrickson, D. N.; Fitzgerald, B. J.; Lynch, M. W.
J. Am. Chem. S0d.994 106, 2041.

(33) Adams, D. M.; Rheingold, A. L.; Dei, A.; Hendrickson, D. Alagew.
Chem., Int. Ed. Engl1993 32, 391.

(34) Pierpont, C. G.; Hendrickson, D. N.; Cohn, M. J.; Tuchagues, J.-P.
M.; Xie, C.-L. Inorg. Chem.1992 31, 5028.

(35) Pierpont, C. G.; Fox, G. Anorg. Chem.1992 31, 3718.

(36) Gatteschi, D.; Dei, A.; Pardi, L.; Benelli, org. Chem.1988 27,

2831.

(37) Kahn, O.; Reedijk, J.; Prins, R.; Thompson, Jirerg. Chem 1987,
26, 3557.

(38) Buchanan, R. M.; Claflin, J.; Pierpont, C. [Borg. Chem1983 22,
2552.

(39) Shultz, D. A.; Boal, A. K.; Driscoll, D. J.; Kitchin, J. R.; Tew, G. N.
J. Org. Chem1995 60, 3578.

(40) Shultz, D. A.; Boal, A. K.; Driscoll, D. J.; Farmer, G. T.; Hollomon,
M. G.; Kitchin, J. R.; Miller, D. B.; Tew, G. NMol. Cryst. Lig. Cryst.
1997, 305, 303.

(41) Shultz, D. A.; Farmer, G. T. Org. Chem1998 63, 6254.

(42) Shultz, D. A.; Boal, A. K.; Lee, H.; Farmer, G. T. Org. Chem.
1998 63, 9462.

© 1999 American Chemical Society

Published on Web 01/20/1999



592 Inorganic Chemistry, Vol. 38, No. 3, 1999

Scheme 1

(LZn)1'-H;
LZnOH, -Hzol 0,

Shultz and Bodnar

o]

OH

B I t-Bu

t-Bu tBu
(LZn),1"-H

are designed to be ground-state triplets by virtue of the catechol groups linked to a quinonemethide fragment in a

st-topologies of the spin coupling fragmen&Xin the structures
below).

S

HO C OH
HO ; ; OH
t-Bu t-Bu
SC = Spin Coupling Fragment

S
oL c 0(?@
L0 o
¢} o

t-Bu t-Bu
Dinuclear Complex of an
S =1, Bis(Semiquinone) Biradical

R
R i
o5
L=TpCum,Mo={N psz R
=N * \
N
R

RI

R= CHQ

In an effort to prepare metal complexes of our ligands and

correlate molecular structure with spispin interactions, we
found that these molecules for&= 1 complexes with zinc(ll)
hydrotris(3p-cumenyl-5-methylpyrazolyl)borate (Zntj Since

the ZnL species has an overall charge-of, semiquinone
complexes of this species are charge balanced.

One of our molecules]-H, (see Scheme 1), that has two

(43) Shultz, D. A.; Bodnar, S. H. Manuscript in preparation.

geminal fashion exhibits notably different coordination chem-
istry than other bis(catechols) we prepared. We report here the
preparation and characterization of zinc(ll) hydrotrig{8amen-
yl-5-methylpyrazolyl)borat¥ (LZn) complexes,(LZn)1'-H
and(LZn) 21, of this ligand. Initially, the formation ofLzZn) »1'-

H, anS= %, complex, rather thafL.Zn) 1, anS= 1 complex,

is observed due to tautomerization of a reaction intermediate,
(LZn)1-Hs. In addition, (LZn),1 can be prepared from
(LZn) 21'-H by oxidation, a conversion that is accompanied by
a blue-green to red-purple color change and an increase in spin
from 1/, to 1.

Results and Discussion

Our choice of coligandl, is based on the recent work of
Pierpont et al., who reported the synthesis of an analogous, stable
3,5-ditert-butylsemiquinone (DBSQ) compléX As shown in
Scheme 1, the procedure used for synthesid.@h) ,1'-H is
equivalent to that reported by Pierpont and consists of stirring
a 1:1 methylene chloride/methanol solution IoH4*2 with 2
equiv of LZNOH 44in air. After 12 h, the product, a blue-green
solid, was isolated by suction filtration. The room temperature
magnetic moment of the blue solid is Jug, consistent with a
single unpaired electron per complex.

The IR spectrum ofLZn) ;1'-H is devoid of G=0 and broad
O—H stretches of quinone or catechol functionalities, but
exhibits a stretch near 1470 cfrin agreement with the presence
of a semiquinoné® as well as a narrow stretch at 3635 ¢m
consistent with a non-hydrogen-bonde®H group, like that
of 2,6-ditert-butylphenol.

(44) Ruf, M.; Vahrenkamp, Hinorg. Chem.1996 35, 6571.
(45) Ruf, M.; Noll, B. C.; Groner, M. D.; Yee, G. T.; Pierpont, C. @org.
Chem.1997, 36, 4860.
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Figure 1. UV-—visible spectra recorded during the oxidation of
(LZn) 21'-H with PbQG, in THF solvent. Isosbestic points are visible
near 344, 460, and 540 nm.
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The fluid-solution EPR spectrum ¢fZn) ,1'-H recorded at 3200 , 3300 340
298 K exhibits unresolved hyperfine structure, while the frozen- Field (Gauss)
solution (77 K) EPR spectrum consists of a single line with a Figure 2. X-band EPR spectra of biradical compléxzn),1 as a
peak-to-peak width of ca. 7 @&. Thus, the spectroscopic  solution in 2-methyltetrahydrofuran at 77 K (top); simulation (bottom),
observations are consistent with 8 1/, radical complex. To using |D/hc| = 0.0093 cm* and |E/hc| = 0.0006 cm?, g = Gy =
our knowledge, this is the first report of a dinuclear complex 2.00232, and g= 2.00350. Inset:Ams = 2 region.
of a paramagnetic ligand like that {LZn),1'-H.

Reactions carried out in neat methylene chloride also gave
(LZn),1'-H, indicating the lack of a significant solvent-
dependent tautomerism bfH, to 1'-H,4 as indicated in Scheme
1. In fact,H NMR spectra of the ligand in bothsanethanol
and g-methylene chloride exhibit signals characteristic of only
1-Hs: no signals for the less-symmetric forrf-H, are
observed® Thus, the formation of thes = %/, complex is
consistent with monodentate complexation followed by tau-
tomerization and subsequent formation (bZn)1'-Hs being
faster than either oxidation (which should give sofb£n) ;1) N .
or coordination of a second zinc ion (which should also lead to o 005 o1 015
(LZn) 21), as shown in Scheme 1. -1

Exposure of a THF solution di.Zn)»1'-H to PbQ results 1/Temperature (K™)
in a color change from blue-green to red-purple, yielding Figure 3. Curie plot for doubly integrated\ms = 2 transition.
(LZn),1. This compound has a room temperature magnetic Temperature range: 60 K.
moment of 2.6ug, slightly greater than the value expected for
two unpaired electrons (2.4B). The oxidation can be followed  of the EPR signal (doubly integratexins = 2 transition) varies
by electronic absorption spectroscopy as shown in Figure 1. linearly with inverse absolute temperature, consistent with high-
Isosbestic points are observed near 344, 460, and 540 nm.  spin coupling of the unpaired electrons of the ligahd.

The IR spectrum ofLZn) ;1 lacks the—OH stretch at 3635 )
cm* exhibited by(LZn) ,1'-H. The fluid-solution EPR spectrum ~ Conclusions
of (LZn),1 recorded at 298 K consists of a single line with a
peak-to-peak width of ca. 3 G. However, as shown in Figure 2,
the frozen-solution EPR spectrum recorded at 77 K in 2-me-
thyltetrahydrofuran exhibits fine structure characteristic of a
triplet state!”~4° Also observable near half-field is/&ms = 2
transition (inset). Both of these observations are consistent with
an S= 1 bis(semiquinone) biradical complex. Simulafi®of
the Ams = 1 region of the EPR spectrum gives zero-field-
splitting parameterfD/hc| = 0.0093 cnt! and|E/hc| = 0.0006
cm™1, values close to those of the bis(semiquinone) prepared
by bulk electrolysis? Finally, as shown in Figure 3, the intensity

Signal Intensity

In conclusion, we have presented the synthesis and spectro-
scopic characterization of a ne® = %/, radical complex,
(LZn) ,1'-H. This complex can be easily oxidized to &r= 1
bis(semiquinone) species, which has also been characterized
spectroscopically. The oxidation reaction consists of loss of a
hydrogen atom from the phenol group of the ligand and is
accompanied by a color change from blue-green to red-purple.
The frozen-solution EPR spectrum of the biradical complex
(LZn) 21 exhibits zero-field splitting and Ams = 2 transition
characteristic of a triplet state. The temperature dependence of
the EPR signal intensity is consistent with high-spin coupling
of the unpaired electrons of the ligand.

(46) See Supporting Information for spectra.
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Experimental Section Complex (LZn),1'-H. A flask containingl-H, (30 mg, 55 mmol),
LZnOH (76 mg, 110 mmol), and 15 mL of 1:1 methanol/&H, was

Unless noted otherwise, reactions were carried out in oven-dried _ . . : o
. stirred overnight. The blue-green solid was filtered off and air-dried to
glassware under an argon atmosphere. Methylene chloride and 2-me-

thyltetrahydrofuran were distilled from Catdnder nitrogen. THF was give 73 mg, 70% yield. IR (film): vmax 3635 (w), 3066 (), 2963,
diZtiIIed fr)(/Jm sodium benzophenone/ketyl prior to us%. Methanol was 2243 1562, 1525, 1478, 1441, 1366, 1179, 1057, 833, 788.¢imal.
used as received from Fisher Scientific. Other chemicals were purchased=@/cd for GiHisB2N1:0sZnz: C, 71.70; H, 7.13; N, 8.88. Found: C,
from Aldrich Chemical Co. NMR spectra were recorded on a Varian 71-40; H, 7.15; N, 8.86.

spectrometer at 300 MHz féH NMR either using deuteriomethanol Complex (LZn);1. A flask containing(LZn),1'-H (20 mg, 10.6

as solvent and referenced to protiomethanol at 3.34 ppm or using zmol) and Pb@ (24 mg, 10Qumol) in THF (5 mL) was stirred in the
deuteriomethylene chloride as solvent and referenced to protiomethyleneqark for 2 h. The red-purple reaction mixture was filtered through a
chloride at 5.32 ppm. Elemental analysis was performed by Atlantic p|ug of Celite, and the solvent was removed in vacuo to yield 20 mg,
Microlab, Inc., Norcross, GA. IR spectra were recorded on a BioRad 1000 of a red-purple solid. IR (film)vmax 3057 (W), 2963, 2543, 1562,

FTS-6000 SpeCtrOphOtOmer, and Samples were films formed by the 1525, 1478, 1441, 1357. 1179, 1056, 834. 787cMS: CuidH1382N1,0s-
evaporation of methylene chloride or THF solutions on a NaCl plate. 7. caled mass 1892.94 obsd 1892.97.

Electronic absorption spectra were recorded on a Hewlett-Packard

model 8452A spectrophotometer. Magnetic moments were obtained . .
from a Cahn Faraday balance, calibrated with Hg[Co(STX)}band Acknowledgment. This work was funded by the National
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