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Nickel(ll) complexes of NsO-donor tripodal ligands, 2,4-di-tert-butyl-6-{ ([bis(2-pyridyl)methyljamino)methyl} phenol
(HtbuL), 2,4-di-tert-butyl-6-{ ([(6-methyl-2-pyridyl)methyl](2-pyridylmethyl)amino)methyl} phenol (HtbuLMepy), and 2,4-
di-tert-butyl-6-{ ([bis(6-methyl-2-pyridyl)methylJamino)methyl} phenol (HtbuL(Mepy),), were prepared, and [Ni(tbuL)-
CI(H.0)] (1), [Ni(touLMepy)CI] (2), and [Ni(tbuL(Mepy),)CI] (3) were structurally characterized by the X-ray diffraction
method. Complexes 1 and 3 have a mononuclear structure with a coordinated phenolate moiety, while 2 has a
dinuclear structure bridged by two chloride ions. The geometry of the Ni(ll) center was found to be octahedral for
1 and 2 and 5-coordinate trigonal bipyramidal for 3. Complexes 1-3 exhibited similar absorption spectra in CH;CN,
indicating that they all have a mononuclear structure in solution. They were converted to the phenoxyl radicals
upon oxidation with Ce(IV), giving a phenoxyl radical z—s* transition band at 394-407 nm. ESR spectra at low
temperature and resonance Raman spectra established that the radical species has a Ni(ll)-phenoxy! radical bond.
The cyclic voltammograms showed a quasi-reversible redox wave at E;, = 0.46—0.56 V (vs Ag/AgCI) corresponding
to the formation of the phenoxyl radical, which displayed a first-order decay with a half-life of 45 min at room
temperature for 1 and 26 and 5.9 min at =20 °C for 2 and 3, respectively. The radical stability increased with the
donor ability of the N ligands.

Introduction phenoxyl radical species by one-electron oxidation of the
Cu(Il) and Zn(Il) complexes of tripodal O ligands derived

The coordination chemistry of the phenoxyl radical has . \_functionalized 2-pyridylmethylamine with a pendent
been intensively studied in recent years due to its occurrence

in the active site of galactose oxidase (GOase), which (2) (a) Itoh, N.; Phillips, S. E. V.; Stevens, C.; Ogel, Z. B.; McPherson,

contains one copper ion and performs the oxidation of a M. J.; Keen, J. N.; Yadav, K. D. S.; Knowles, P. Rature 1991,
primary alcohol to the aldehyde in the presence of dioxygen.
We reported earlier the formation and stability of the
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Nickel(ll) —Phenoxyl Radical Complexes

2 Sl

tbuL tbuL(Mepy)
Figure 1. Structures of ligands.

sary!! Solvents were also purified before use by standard metfods.
The synthesis of ligands, HtbuL, HtbuLMepy, and HtbuL(Mepy)
(Figure 1), has been reported previousklectronic spectra were
obtained with a Shimadzu UV-3101PC spectrophotometer. Elec-
trochemical measurements were carried out in a conventional three-
electrode cell for samples (1 mM) dissolved in dry £CHl
containing 0.1 M tetraxbutylammonium perchlorate (TBAP). A
glassy-carbon electrode and a platinum wire were used as a working

. . . - and a counter electrode, respectively, with an Ag/AgCl reference
phenolate moiety with bulky substituerftShe stability of electrode used in all the experiments. The reversibility of the

the Cu(Ily-phenoxyl ra(_jlcal from the_ corr_lplexes depende_d electrochemical processes was evaluated by standard procedures
upon the donor properties of equatorial nitrogen atoms; With 4ng referenced against the ferrocene/ferrocenium redox couple.
weaker equatorial nitrogen donors, the phenoxyl radical was rozen-solution ESR spectra were acquired by a JEOL JES-RE1X
less stable and the potential of the phenoxyl radical formation X-band spectrometer equipped with a standard low-temperature
was higher. The reaction of Cu(CJjg-6H,0O with the NO,- apparatus. The spectra were recorded at 77 K by using quartz tubes
donor ligands containing a phenol moiety with two bulky with a 4-mm inner diameter. Microwave frequency was standardized

tbuL(Mepy),

substituents gave the Cu(tphenoxyl radical species by
disproportionatiori,and we could isolate a Cu(Hphenoxyl
radical complex having ar-methoxyphenol moiety by

disproportionation. These results suggest that the formation

and stability of Cu(Il}-phenoxyl radical species depend on
the ligand field effect.

On the other hand, only two types of Ni(Hphenoxyl
radical species have been reportétWe have reported that
oxidation of a low-spin # Ni(ll) —salen complex having
salicylidene moieties with two bulky substituents led to a
temperature-dependent tautomerism between the Ni(ll)
phenoxyl radical and Ni(llF-phenolate states with the same
S = 1/2 spin staté.In contrast, oxidation of the high-spin
d® Ni(Il) complexes of 1,4,7-triazacyclononane macrocyclic
ligands with a pendent phenol ring yielded NitHphenoxy!
radical species, which had &~ 3/2 ground state with the
ferromagnetically coupled Ni(ll) and phenoxyl radical elec-
trons1® The properties of Ni(Il-phenoxyl radical complexes

against a Mn(ll) marker. Resonance Raman spectra were measured
with a JASCO NR-1800 triple polychromator equipped with a
liquid-nitrogen-cooled Princeton Instruments CCD detector. Raman
shifts were calibrated with acetone, the accuracy of the peak
positions of the Raman bands beitig cn2. Variable-temperature
magnetic susceptibility data were measured for a polycrystalline
sample of compleX with a HOXSAN HSM-D SQUID suscep-
tometer in the temperature range 300 K with an applied field of
5000 G. A diamagnetic correction, estimated from Pascal's
constants, was subtracted from the experimental susceptibilities to
give the molecular paramagnetic susceptibilities.

Synthesis of Complexes. [Ni(tbuL)CI(HO)] (1). To a solution
of HtbuL (0.417 g, 1.0 mmol) in methanol (10 mL) was added
NiCl,+6H,O (0.238 g, 1.0 mmol), and the resulting solution was
mixed with a few drops of triethylamine and left to stand for a few
days at room temperature. The pale blue microcrystals obtained
were recrystallized from C4CN. Yield: 0.266 g (50%). Anal.
Found: C, 61.46; H, 6.899; N, 8.039. Calcd fos/E83gNz0,CINi:
C, 61.33; H, 8.68; N, 7.95.

[Ni(tbuLMepy)CI] (2). This complex was prepared in a similar

are therefore expected to be dependent on factors such amanner in 74% yield. Anal. Found: C, 64.03; H, 6.993; N, 8.018.

the ligand field and temperature.

We now studied synthesis of the Ni(Hphenolate com-
plexes of a series of §D-donor tripodal ligands containing
a phenolate moiety with bulky substituents (Figure 1),

chemical and electrochemical generation of the one-electron

oxidized phenoxyl radical species in @EN, and charac-
terization of their electronic structure by absorption, ESR,

Calcd for GgH3sNsOCINi: C, 64.09; H, 6.91; N, 8.01.
[Ni(tbuL(Mepy) 2)CI] (3). This complex was prepared in a

similar manner in 76% yield. Anal. Found: C, 64.59; H, 7.148; N,

7.761. Calcd for gH4oN3OCINi: C, 64.65; H, 7.11; N, 7.80.
X-ray Structure Determination. The X-ray experiments were

carried out for the well-shaped single crystals of compleke8

on a Rigaku RAXIS imaging plate area detector with graphite-

monochromated Mo & radiation ¢ = 0.710 73 A). The crystals

and resonance Raman spectroscopies. We further investigategiere mounted on a glass fiber. To determine the cell constants

the influence of the ligand donor ability on the nickel site
structure and formation and stability of the phenoxyl radical
species.

Experimental Section

Materials and Methods. All the chemicals used were of the

and orientation matrix, three oscillation photographs were taken
for each frame with the oscillation angle of and the exposure
time of 3 min. Reflection data were corrected for both Lorentz and
polarization effects. The structures were solved by the heavy-atom
method and refined anisotropically for non-hydrogen atoms by full-
matrix least-squares calculations. Each refinement was continued
until all shifts were smaller than one-third of the standard deviations

highest grade available and were further purified whenever neces-of the parameters involved. Atomic scattering factors and anomalous

(6) Shimazaki, Y.; Huth, S.; Hirota, S.; Yamauchi, Bull. Chem. Soc.
Jpn 200Q 73, 1187.

(7) Shimazaki, Y.; Huth, S.; Odani, A.; Yamauchi, @ngew. Chem.,
Int. Ed. 200Q 39, 1666.

(8) Shimazaki, Y.; Huth, S.; Hirota, S.; Yamauchi, lBorg. Chim. Acta
2002 331, 168.

(9) Shimazaki, Y.; Tani, F.; Fukui, K.; Naruta, Y.; Yamauchi, D Am.
Chem. Soc2003 125, 10513.

(10) Muller, J.; Kikuchi, A.; Bill, E.; Weyherniller, T.; Hildebrandt, P.;

Ould-Moussa, L.; Wieghardt, Kinorg. Chim. Acta200Q 297, 265.

dispersion terms were taken from the literattfrelydrogen atoms
except for the water were located at the calculated positions and
were assigned a fixed displacement and constrained to ideal
geometry with G-H = 0.95 A. The thermal parameters of calcu-
lated hydrogen atoms were related to those of their parent atoms

(11) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. Rurification of
Laboratory Chemica; Pergamon Press: Elmsford, NY, 1966.

(12) Ibers, J. A., Hamilton, W. C., Edé$nternational Tables for X-ray
Crystallography Kynoch: Birmingham, U.K., 1974; Vol. IV.

Inorganic Chemistry, Vol. 43, No. 24, 2004 7817



Table 1. Crystal Data for Ni(ll) Complexed—3

Shimazaki et al.

1 2 3
;\cl)vrmula C27H36N302NiC| C28H36N30NiCI C29H38N30NiCI
528.75 524.76 538.79
color pale blue green brown
cryst size/mm 0.1k 0.27x 0.07 0.15x 0.10x 0.07 0.11x 0.10x 0.05
cryst system monoclinic monoclinic orthorhombic
space group P2,/c P2i/a Pbca
a(h) 14.8708(7) 10.475(4) 10.7377(3)
b (A) 9.9638(4) 18.482(6) 15.1861(3)
c(A) 17.9492(9) 13.785(6) 35.4669(9)
£ (deg) 92.2701(8) 100.06(1)
V (A3) 2657.4(2) 2627(1) 5783.3(3)
z 4 4 8
(Mo Ko (cm™1) 8.59 8.65 7.88
F(000) 1120.00 1112.00 2288.00
20max (deg) 55.0 55.0 54.9
no. of reflcns obsd 24 266 25204 35419
no. of reflens used 6042 6005 6558
no. of variables 307 307 316
R[I = 20(1)] 0.061 0.051 0.059
Ry 0.140 0.064 0.151
Table 2. Selected Bond Distances (A) and Angles (deg) of Complexes /Q
13 O N@3)
1 2 3 S5
Distances
Ni(1)—CI(1) 2.406(1) 2.4118(8) 2.295(2)
Ni(1)—CI(1)* 2.479(1)
Ni(1)—O(1) 2.066(3) 2.017(2) 1.954(4)
Ni(1)—0(2) 2.061(3)
Ni(1)—N(1) 2.106(4) 2.143(3) 2.125(4)
Ni(1)—N(2) 2.119(4) 2.091(2) 2.046(5)
Ni(1)—N(3) 2.070(4) 2.096(3) 2.134(5)
CI)-Ni(L)—CI(1)* Ades s es@) Figure 2. ORTEP view of [Ni(tbuL)CI(HO)] (1) drawn with the thermal
CI(1)—Ni(1)—0(1) 96.70(9) 92.67(6) 140.1(1) ellipsoids at the 50% probability level and atomic labeling scheme.
CI(1)—Ni(1)—0(2) 92.89(9) ; ide i i i
CIL-NI(1)—N(L) 93.8(1) 106.06(7) 91.0(1) complexes with one chloride ion coordinated to the Ni center.
CI(1)-Ni(1)~N(2) 171.2(2) 172.34(7) 123.5(1) The structure ofl has an octahedral geometry formed by a
CI(1)—Ni(1)—N(3) 95.4(1) 93.35(8) 95.2(1) phenolato oxygen, two pyridine nitrogens, a tertiary nitrogen,
g:g;z:m:gg:g&; 1g96é27((g)) a chloride ion, and a water oxygen (Figure 2). Three nitrogen
CI(L)*—Ni(1)-N(2) 91.25(7) atoms of 1 assume afac-configuration with the Ni
Cl((l))*—lzli()l)—l(\l()S) » 88.80(7) O(phenolate) and NiN bond distances, NiO(1) = 2.066(3),
O(1)-Ni(1)—0(2 86.5(1 i — ; — ;
O Ni(L)—N(1) 167.7(1) 90.41(8) 93.8(2) Ni—N(1) = 2.106(4), N|—N(2)_— 2._119(4), and N+.N(3)
O(1)-Ni(1)-N(2) 91.4(1) 92.52(9) 96.3(2) =2.070(4) A, the Ni-N(2)(tertiary nitrogen) bond distance
O(1)-Ni(1)=N(3) 90.6(1) 92.46(9) 92.8(2) being slightly longer than the Nipyridine nitrogen distances.
8%:“:8;:“% gﬁﬁg Complex2 has a dinuclear structure bridged by two chloride
0(2)-Ni(1)-N(3) 171.5(1) ions, where each nickel site has an octahedral geometry
N(1)=Ni(1)=N(2) 78.6(1) 79.54(10) 79.2(2) formed by a phenolate oxygen, two pyridine nitrogens, a
“gg:“:&;:“g 2‘1‘:8% 128:?;88; 1321;:((22)) tertiary nitrogen, and two bridged chloride ions (Figure 3).

by U(H) = 1.2U(C). The hydrogen atoms of the water molecule
of 1 were located from the difference Fourier maps. All the calcu-
lations were performed by using the TEXSAN program package.

Three nitrogen atoms & assume aner-configuration with
the Ni—=N bond distances, NiN(1) = 2.143(4), Ni=N(2)
= 2.091(4), and NiN(3) = 2.096(4) A, and the NiO(1)
distance, 2.017(2) A. Compleg differs from the Cu(ll)

Summaries of the fundamental crystal data and experimental complex of the same ligand, which has a square-pyramidal
parameters for structure determination are given in Table 1.

Results and Discussion

Crystal Structures of Ni(ll) —Phenolate ComplexesThe

ORTEP views of complexeb—3 are shown in Figures-24, T D .
respectively, and the selected bond lengths and angles ar@f 2-methylpyridine moiety ir2. The structure o8 (Figure

listed in Table 2. All the complexes were phenolate

(13) Crystal Structure Analysis Packagdolecular Structure Corp.: The

Woodlands, TX, 1985, 1999.
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structure with the 2-methylpyridine nitrogen at an apical
position® The Ni—O(phenolate) bond length (2.017(2)
A) is slightly shorter than that ofl, but the Ni-N(2-
methylpyridine) distance (2.143(4) A) is longer than that of
1, probably due to the steric hindrance of the methyl group

4) differs significantly from that ofl and 2 as it has a
distorted trigonal-bipyramidal geometry formed by a phe-
nolato oxygen, two 2-methylpyridine nitrogens, a tertiary
nitrogen, and a chloride ion with the distances;-i(1) =
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Figure 5. Thermal dependence of th@T for 2. The solid line represents
the fitted curve.

A). This tendency has been observed for the Cu(ll) com-
plexes of the same ligand serfeslowever, the geometry
of the Cu(ll) complex corresponding t® has a square-
pyramidal structure with equatorial phenolate coordination,
which is different from the geometry &

Magnetic Susceptibilities of Ni(ll)-Phenolate Com-
plexes.The Ni(ll) complexesl—3 were paramagneticéd
high-spin Ni(ll) species, since the effective magnetic moment
(uer) Oof the monomeric complexelsand3 at 287 K is 3.01
and 3.16ug (1.13 and 1.25 emu K mot), respectively, and
no sharp'H NMR spectra were observed in the diamagnetic
region. Figure 5 shows the temperature dependence of the
observed magnetic susceptibility,y, of the dinuclear
complex2, whose observeguT value of 2.60 emu K mol
at 300 K is in good agreement with the values of two isolated
nickel spin center calculated f@ = 1 andg = 2.28. A
gradual increase in thgyT value was observed as the
temperature was decreased from 300 to 7 K, indicating the
presence of a ferromagnetic interaction within a molecule.
The value reached its maximum of 3.54 emu K mait 7
K, which is closer to the theoretical value 6= 2 resulting
from the ferromagnetic coupling of tw&; = 1 centers
Figure 4. ORTEP view of [Ni(touL(Mepy))Cl] (3) drawn with the thermal through the bridged chloride ions. The experimental data for
ellipsoids at the 50% probability level and atomic labeling scheme. 2 was fitted by using eq 1, which was derived from the
isotropic spin HamiltoniaH = —215-5,:16

Figure 3. ORTEP view of [Ni(tbuLMepy)CI] ) drawn with the thermal
ellipsoids at the 50% probability level and atomic labeling scheme.

1.954(4), Ni-N(1) = 2.125(4), Ni-N(2) = 2.046(5), and
Ni—N(3) = 2.134(5) A, respectively. The relative extent of NGZB? |- 30 exp(GIKT) + 6 exp(2/KT)

the trigonal-bipyramidal distortion is indicated by an index y, =
7 representing the degree of trigonality within the structural 3K(T = ®)|-5 exp(@KT) + 3 exp(2/kT) + 1,

continuum between square-planar and trigonal-bipyramidal @
structures? The t value of the Ni center 08 is calculated
to be 0.35 according to the equatiors (5 — a)/60, where

+ No

Here J is the intradimer exchange interactio®, is the
interdimer exchange interaction, aMd. is the term of the

o = CI(1)—Ni(1)—0O(1) (140.1(1)) and = N(1)—Ni(1)— : :
. temperature-independent paramagnetism (TIP). The param-
N(3) (161.1(2}). As 7 is 0 and 1 for a perfect square-planar eters for the best fit werg = 2.25, 2 = 5.35 cnt, and®

and a perfect trigqnal geometry, respectively, the structure _ —0.49 cntl, respectively, and the theoretical curve is
10_];13 rrt1ay b2e defr::rllbeqda}s dIS'F;)I’ted square-glana:jr gfometzy'represented by a solid line in Figure 5. Detailed analysis of
€ wo c-methylpyridine nirogens are bound at axial y, . magnetic properties of dinuclear Ni(ll) complexes
positions, since the donor ab|_||ty of 2-m_et_hy|pyr|d|ne moiety normally requires the calculation by the Ginsberg equation,
folr?r\:\éirt.tohnantgza&oééjnﬁgﬁ;gg)egoaﬁ'?e'rgetﬂ?ig“;;g: din which takes into account the axial anisotropy and zero-field
the ordeira ’(1 953(3) E)< 2 (2.017(5) A)E 1'(2 054(4) ! splitting effects'” However, these parameters were not
' ' ' explicitly considered in the present calculation, since the

(14) Addison, A. W.; Rao, T. N.; Reedijk, J.; von Rijn, J.; Verschoor, G.

C.J. Chem. Soc., Dalton Transl984 1349. (16) O’Connor, C. JProg. Inorg. Chem1982 29, 203.
(15) Nagao, H.; Komeda, N.; Mukaida, M.; Suzuki, M.; Tanakalrirg. (17) Ginsberg, A. P.; Martin, R. L.; Brookes, R. W.; Sherwood, RInGrg.
Chem 1996 35, 6809. Chem 1972 11, 2884.
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Table 3. Properties of the Ni(ll), Cu(ll), and Zn(ll) Complexes and Their Phenoxyl Radical Species

AmadNM? redox potential E1/2/V) decay const/s'
complex (e/M~1em1) of phenolate/phenoxyl (half-life/min, temp?C) ref
[Ni(tbuL)CI(H20)] (1) 405 (2500), 457 (1100), 495 (1200), 0.46 24804 this work
660 (500), 1120 (400) (45, 20)
[Ni(tbuLMepy)CI] (2) 407 (2000), 462 (1000), 734 (350), 0.49 43804 this work
1110 (100) (26;-20)
[Ni(tbuL(Mepy))CI] (3) 394 (2000), 479 (1000), 739 (350), 0.56 10803 this work
1140 (100) (5.97-20)
[Ni(tbu-salcn)] 311 (9100), 374 (7200), 430 (3500), 0.88,1.22 not determined 9
881 (1000), 1103 (3000)
[Cu(HtbuL)CIICIO, not determined 1.17 not determined 6
[Cu(tbuLMepy)Cl] 418 (3500), 666 (420) 0.56 1.8610* 6
(65,—20)
[Cu(tbuL(Mepy})CI] 406 (2000), 664 (410) 0.61 1.2810°3 6
(9.0,—40)
[Zn(tbuL)CI] 405 (3200), 678 (400) 0.69 131104 6
(88,—20)
Cu(ClQy)2:6H,0 + H,LP 410 (4000), 422 (3800), 672 (1000) not determined BB 7
(12.4,—20)
[Cu(MeOL2)L(ClOa),° 478 (4500) 0.35 3.76 105 8
(315, 20)

aValues for the radical specieBHoL = N-(2-pyridylmethyl)N,N-bis(2-hydroxy-3,5'-di-tert-butylbenzyl)amine¢ MeOL2 = N-(1-methyl-2-imidazolyl-
methyl)N-(2'-hydroxy-3,5'-di-tert-butylbenzyl)N-(2"'-hydroxy-3'-methoxylbenzyl)amine, deprotonated form.

3000 aminomethyl)phenol was reported to form a mononuclear
_ AN Ni(ll) —phenolate complex in aqueous solution, although
F20 X-ray crystal structure analysis showed that the complex
5_4_0 has a phenolate-bridged dinuclear structure in the solid
T state?! On the other hand, the absorption band at-4880

Time / 10* sec. nm (¢ = 900) is assigned to the phenolate-to-Ni(ll) charge
transfer (LMCT)?! Comparison of thel.ma values forl—3

1120 shows that the transition energy increases with the decrease

of the Ni—O(phenolate) bond distance in the ordér

e — (2.066(3) A) < 2 (2.017(2) A) < 3 (1.954(4) A). This
Wavelength / nm tendency has also been observed for the Cu(ll) complexes
Figure 6. Absorption spectral change dfafter one-electron oxidation ~ of the same ligands.

%Alf%]va?z%g(m "\"/th?ncie"” CHCN (5.0 x 1074 M). Inset: plot of One-Electron Oxidation. Addition of an equimolar
amount of (NH).Ce(NQG)s, a one electron oxidant, tb—3
zero-field splitting parameter calculated from this equation jn CH;CN at low temperature caused a color change from
was very small. pale brown to greenish brown. Oxidizddexhibited some
Characterization of Ni(ll) —Phenolate Complexes in new intense absorption bands at 4@»0 nm and broad
Solution. While 1-3 in the solid state were pale blue, peaks at 660 and 1120 nm (Figure 6) The absorption peaks
yellowish green, and yellowish brown, respectively, their of oxidized2 and3 were very similar to those of oxidized
solutions in CHCN gave the same ye”OWiSh brown color. 1 (Tabie 3) The intense transition band at 39497 nm may
The solutions exhibited an absorption peak at-4080 nm be parﬂy assigned to a—a* transition of the phenoxy|
and weak peaks in the range 645140 nM fmax (/M radical, and the spectral features are in good agreement with
cm): 1, 450 (sh, 900), 646 (45), 998 (50) nr3; 410  those of the Ni(ll}-phenoxyl radical complexes reportet.
(sh, 900), 677 (60), 995 (50) nn8, 400 (sh, 900), 656  The ESR spectra of all the oxidized species at 77 K exhibited
(90), 1134 (65) nm). The spectral similarity of the com- an isotropic Signa| af) = 2.23 (Figure 7) In generaS:
plexes in CHCN may be explained by formation of a 1/2 f low-spin Ni(lll) complexes show anisotropic signals
similar structure resulting from removal of the water at aroundg = 2.2 andg = 2.0922 but oxidized species of
molecule ofl and dissociation o into the monomeric 1—3 are not metal-centered oxidation productgi since no
species. Further, the two broad-d transition bands at
around 650 and 1000 nm are characteristic of 5-coordinate(18) Lever, A. B. PInorganic Electronic Spectroscopgnd ed.; Elsevier:
d® high-spin Ni(ll) structures. These results suggest that New York, 1984.

2000

¢/Mlem!

1000 7§

: P (19) Sacconi, L.; Mani, F.; Bencini, A. I€omprehensie Coordination
1and2 in CH:CN have a structure_3|mllar to that 8f The Chemistry Wilkinson, G., Ed.. Pergamon: Oxford, 1987: Vol. 5.
small differences of the absorption peaks for the com- Chapter 50.

plexes are considered to be due to the effect of the donor(20) (&) Orioli, P. L.Coord. Chem. Re 1971, 6, 285. (b) Morassi, R;
L . L . Bertini, |.; Sacconi, L.Coord. Chem. Re 1973 11, 343.
ability of the nitrogen atoms. However, it is difficult to 21y Berti, E.: Caneschi, A.; Daiguebonne, C.; Dapporto, P.; Formica, M.;

distinguish between trigonal-bipyramidal and square- Fusi, V.; Giorgi, L.; Guerri, A.; Micheloni, M.; Paoli, P.; Pontellini,
idal struct for Ni(ll the basis of ab ti R.; Rossi, PInorg. Chem 2003 42, 348.

pyramigal struc urgs or I( ) on the "’_‘SIS O_ absorption (22) Takvoryan, N.; Farmery, K.; Katovic, V.; Lovecchio, F. V.; Gore, E.
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Nickel(ll) —Phenoxyl Radical Complexes

Figure 7. ESR spectrum of one-electron-oxidiz&dn CHsCN at 77 K.
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Figure 8. Resonance Raman spectra of (4gnd (B) one-electron-oxidized
1. Measurements were made with 413.1 nm excitation using arlaser
(power: 50 mW at the sample point) at the sample concentration of 0.5
mM in CHsCN.
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signals aroundg = 2.0 were observed. From the spin
projection eq 2, an isotropgvalue of 2.23 can be calculated
by using a typicaby; value of 2.2 andphenoxyi = 2.0:
_4 1

Os=12= 139 ~ T5%adica (2
The calculated value ajs—1/, Of 2.27 is in good agreement
with the observations and therefore consistent with the
antiferromagnetically coupled system with tBe= 1 Ni(ll)
andS= 1/2 phenoxyl radical electrod8These results reveal
that one-electron-oxidizeti-3 have arS= 1/2 ground state
and that the phenoxyl radical is coordinated to Ni(ll).
However, the constant for the antiferromagnetic coupling,
—J(H = —JSS), could not be determined precisely owing
to large errors in curve fitting, a rough estimate beint00

for one-electron oxidation of [Zn(tbuL)Cf].This band is
assigned to the €0 stretching mode 14,), which is
characteristic of the phenoxyl radical speci€she observed
vzafrequencies of the Ni(ll) complexes agree well with those
reported for GOagéand the Cu(ll)- and Zn(ll)-coordinated
phenoxyl radicals of model compounti:-26

The difference between complexks3 lies in the stability
of their phenoxyl radical species. When the green solutions
of the oxidized complexe2 and3 in CH3;CN were left to
stand at room temperature under anaerobic conditions, they
instantly turned colorless, and accordingly the phenoxyl
radical 7—s* transition band at~405 nm disappeared
(Figure 6). On the other hand, oxidiz&dvas relatively stable
at room temperature. Plots of the absorbance atrithe*
band vs time at 20C indicated that the intensity decrease
was first-order as illustrated fdr(Figure 6, inset). The decay
constants obtained for the radicalslef3 and the calculated
half-life values are listed in Table 3. The half-life bfwas
45 min Kops = 2.48 x 1074 s71) at 20°C, while the values
for 2 and3 were 26.4 kops= 4.38 x 104 s1) and 5.9 min
(kobs= 1.95 x 103 s%) at —20°C, respectively, indicating
that the stability of the phenoxyl radicals frotnand 3 is
comparable with those for the Cu(ll) complexes with one
or two 2-methylpyridine coordinatiorfsSThe radical stability
can be related with the N-donor ability; the donor nitrogens
from the 2-methylpyridyl groups ir2 and 3 are probably
weaker than the pyridyl nitrogens affor steric reasons as
seen from the structurgradical stability relationship for the
corresponding Cu(ll) complexés hese results indicate that
the stability of the phenoxyl radical species is predominantly
influenced by the N-donor ability of the ligand stabilizing
the Ni(ll) state.

The cyclic voltammograms ofl—3 were recorded in
CH:CN under anaerobic conditions at a scan rate of 50 mV
s 1in the range 6-1.0 V (Figure 9). For compled, one
quasi-reversible redox wave corresponding to the transfer
of one electron was observed at 0.56 V vs Ag/AgRE(=
0.11 V), and a similar redox wave was also observed for
2 and 3 at 0.49 and 0.56 V, respectively. Electrolysis at
0.85 V of a solution ofl in CH;CN (0.1 M TBAP) at—20
°C showed a transfer of 0.9 electron/mol and a color
change to greenish brown. One electron oxidationlof
yielded an ESR active species with an isotropic signa at
= 2.23. The properties of the oxidized species were the same
irrespective of electrochemical oxidation and chemical

cm™*. Regarding the spin state of the complexes, Wieghardt gxjgation by Ce(1V). On the basis of these results, we assign

et al. reported that similar octahedral Ni(ll) complexes have
an S = 3/2 ground stat&? The present results may be
reconciled with their results by considering that com-
plexesl—3 have a 5-coordinate structure when dissolved in
CH3CN as described above.

Further evidence for the Ni(Hyphenoxyl radical bonding

has been provided by comparison of the resonance Ramaq

spectra for a Ni(ll}-phenolate complex and its one-electron-
oxidized species. The spectrabin the range 11001700
cm! obtained before and after Ce(lV) oxidation disclosed
that the bands observed fbdisappeared upon oxidation to
give an intense band at 1508 ch(Figure 8), which
corresponds well with the intense 1509 érband observed

the above oxidation step to the phenolate/phenoxyl radical
couple.

We reported earlier that the phenolate/phenoxyl radical
redox potential for the Cu(ll) complex corresponding3to

(23) Mukherjee, A.; McGlashen, M. L.; Spiro, T. G. Phys. Chenil995
99, 4912.

24) Sokolowski, A.; Leutbecher, H.; Weyheftieu, T.; Schnepf, R.; Bothe,

E.; Bill, E.; Hildebrandt, P.; Wieghardt, K. Biol. Inorg. Chem1997,

2, 444,

Sokolowski, A.; Mter, J.; Weyherriller, T.; Schnepf, R.; Hildebrandt,

P.; Hildebrandt, K.; Bothe, E.; Wieghardt, K. Am. Chem. So&997,

119, 8889.

(26) Halfen, J. A.; Jazdzewski, B. A.; Mahapatra, S.; Berreau, L. M,;
Wilkinson, E. C.; Que, Jr., L.; Tolman, W. B. Am. Chem. So&997,
119, 8217.

(25)
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[Ni(tbuL)(H,0)Cl]

[Ni(tbuLmepy)Cl]

[Ni(tbuL(mepy),)Cl]

0 02 04 06 08 1.0
E/V vs. Ag/AgCl

Figure 9. Cyclic voltammogram ofl—3in CHsCN (1.0 mM) containing
0.1 Mn-BusNCIO4. Conditions: working electrode, glassy carbon; counter
electrode, Pt wire; reference electrode, Ag/AgCI; scan rate 50 MV s

with two o-methylpyridine rings was higher than that
corresponding t® with one o-methylpyridine® This may

Shimazaki et al.

coordinated to Cu(ll) are equally effective in stabilizing the
radical.

Conclusion

We prepared and characterized a series of Ni(ll) complexes
with N3O-donor tripodal ligands containing one phenolate
moiety with two tert-butyl substituents and pyridine rings
with and without a methyl grouprtho to the nitrogen atom.

At low temperatures, one electron oxidation of all the Ni(ll)
complexes yielded the corresponding Nittphenoxyl radi-

cal species, whose decay constants have been determined.
The relationship between the structures of the complexes and
decay constants indicated that the Niiphenoxyl radical
species is stabilized by pyridine nitrogen donors. The redox
potential was lowest fot with unsubstituted pyridine rings
only and increased in the ordér< 2 < 3, indicating that

the radical formation is influenced by the number of the
2-methylpyridine moieties. The observed stability of the
radical species fo and3 may be comparable with that of
the corresponding Cu(ll) complexes previously repofted,
while the radical species of compleixis stable at room
temperature. Studies on the metphenoxyl binding are in
progress in our laboratory.
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