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Do S,S'-Coordinated o-Dithiobenzosemiquinonate(1-) Radicals Exist in
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The square planar, light-green, diamagnetic complex [N(n-Bu),JJAu"(LtB4),] (1) reacts with iodine in acetone affording
the neutral paramagnetic species [Au(L'™8Y)] (1a) (S = /,) where Hy[L'"BY] represents the ligand 3,5-di-tert-butyl-
1,2-benzenedithiol. The corresponding complexes containing the unsubstituted ligand Ha[L], 1,2-benzenedithiol,
namely [N(n-Bu)sH]J[Au(L);] (2) and [Au(L),] (2a), have also been prepared and characterized by X-ray crystallography;
the structure of the latter has been reported in ref 10. 1”Au Mdsshauer spectra of 1 and 1a clearly show that the
one-electron oxidation is ligand-centered and does not involve the formation of Au(IV) (d”). The spectroscopic
features of the ligand mixed-valent species la were determined by UV-vis, EPR, and IR spectroscopy which
allows the detection of S,S-coordinated 1,2-dithiobenzosemiquinonate(1-) radicals in coordination compounds.

Introduction Scheme 1
2

The coordination chemistry of O)@oordinatedo-ben- _‘3’9 % 9.0\ mﬁ‘ < qa,o\
zosemiquinonateft) s radicals is well established and :’Z,{ M = Lz /M
understood.A variety of typical structural and spectroscopic 139~ o/ L~ 0
features have been identified which allow the unequivocal . 2
detection and characterization of such species in a given .\.\5 2 @O\
coordination compoungiProbably the most reliable single L’-
feature in this respect is the metrical parameters of such a L 00/

species as shown schematically in Scheme 1 for the three

differing oxidation levels of O,0-coordinated (i) catecholate- evidence for its presence has been presented for paramagnetic
(2-), (ii) benzosemiquinonatetd), and (iii) benzoquinone.  square planar [Pd(bpy){tBY)]* (S = %) for which an

The situation is not so clear for the correspondirgjthio electronic spectrum and an EPR spectrum have been recorded
derivatives. Thus, the existence of S,S-coordinated  which are compatible only with the presence of an
dithiobenzosemiquinonate{) radical anions (rather than dithiobenzosemiquinonate) radical® (L'"BY)?" represents
their closed-shell, aromatio-dithiolate(2-) dianions) has  Sellmann’s 3,5-dtert-butylbenzodithiolate(2) ligancf and
been suggested to occur in some complétrs,it has more (L)? is the unsubstituted 1,2-benzenedithiolate(@ianion.
recently been explicitly ruled odt.Clear experimental Recent DFT calculations have convincingly shéwimat
the spectroscopic oxidation state of the central nickel ion in
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The [AU" (1,2,-GH4S;),]1° Couple

Scheme 2 do not allow an unambiguous assignment of the ligand as
o-dithiolato(2-) dianion? Interestingly, the crystal structure
Ni™ (L“B ) )0 of [Au"(L),] has also been published (as Au(IV3%.This
error : £0.01 A (30) structure is of medium quality and appears to imply the
Ni presence of one-dithiobenzosemiquinonate{) radical. In

a subsequent paper, it has been shfwihat the neutral
complex [Au(L)] is diamagnetic in the solid state and that
the square planar units form nearly uniform stacks of [Au-
(L)2] molecules with a weak superstructure due to dimer
formation. Ab initio calculations on isolated [AWL),]
molecules have suggested that “the highest occupied and
singly occupied molecular orbitals (HOMO and SOMO) are
almost the pure bonding and antibonding combinations of
INi™ (L") (L) the ligand HOMOs * This requires a diamagnetic Au(lll)
ion with a & electron configuration. No experimental data
have been reported to date which prove this point.

We will show here that the electronic structure of the
paramagnetic, new neutral species [Auft),] can only be
understood in terms of a Au(d®, S= 0) ion S,S-coordinated
to one o-dithiolato dianion (Y2~ and an o-dithioben-
zosemiquinonate() x radical, (L'"B*)!" yielding anS =
Y, ground state. The twdert-butyl groups per S,S-
coordinated ligand effectively prevent stacking interactions
between [Au(lt"BY),] molecules in the solid state.

NI (LB) 5 %
error : +0.01 A (36) error : +0.015 A (30)

diamagnetic, square planar [Nift] is +I1 (d®), and the two
equivalent ligands are therefocedithiobenzosemiquinon-
ates(t-).” The complex [Ni(L""BY),] has been characterized
by X-ray crystallography as have its mono- and dianionic
counterpartg? The latter complex [Ni(Lt"BY),]2~ contains
undoubtedly two dithiolato(2) ligands. The established
structural features shown in Scheme 2 f@dithioben-
zosemiquinonates{d) and o-dithiocatecholates(2) allow,

in principle, again unambiguous assignment of the oxidation
level of'ano-dithiolate ligand in a givgn comp!ex provided Experimental Section

that a high-quality crystal structure with experimental errors

for the C—C and C-S bond lengths of maximally-0.01 A The ligand 3,5-dkert-butyl-1,2-benzenedithiol, L'~ has
(=301) is available. Many crystal structures of bis(dithiolato)- Peen prepared as described in the literafute2-Benzenedithiol,
metal complexes have appeared in the literature which do2L): is commercially available.

not meet this quality criterioh. Therefore, the correct [N(n-Bu)aJ[Au™ (L'"E),] (1). Sodium metal (0.069 g; 3.0 mmol)

. . was added to a solution of [N{Bu),]Br (0.161 g; 0.5 mmol) and
electronic structures of many of these complexes remain tOHz[LI*BU] (0.25 g: 1.0 mmol) in absolute ethanol (10 mL). A

be established. o solution of Na[AUCH]-2H,0 (0.20 g; 0.5 mmol) in ethanol (8 mL)
T.h'.s problem IS even ampllfled n Complexes_ .Where was slowly added to the above solution at ambient temperature. A
o-dithiobenzosemiquinonate ligands and, in addition,  green precipitate formed within 30 min which was collected by

dithiolates are bound to the same metal ion. The structuralfiltration, washed with diethyl ether, and air-dried. The crude
differences between the two ligand types are siiaind product was recrystallized from GBI, solution yielding shining
therefore, statical disorder problems may hamper their light-green microcrystals ofl (0.34 g, 72%). Anal. Calcd for
identification by crystallography. CaaH76SNAU: C, 55.97; H, 8.11; N, 1.48. Found: C,55.9;H, 8.3;
On the other hand, it is also often possible to establish N 1-5- Electrospray mass spectrum (Ch solution): m'z=700.7

- +
the d' electron configuration of the central transition metal M3, 2?723'3{'\/'} X : :
ion by spectroscopic methods (electronic, EPR, arigdvio [Au(L =3)2] (1a). To a light green solution af (60 mg; 0.063

LN . ... mmol) in dry acetone (5 mL) under an argon blanketing atmosphere
bauer spectroscopy, etc.) which in turn defines the oxidation was added dropwise a solution of iodine (31 mg: 0.12 mmol) in

level of the ligands. acetone (5 mL) with stirring at 20C. A yellowish-green micro-
Here, we establish the electronic structure of theddis( crystalline solid precipitated immediately. During addition, the
dithiolato)gold(lll) anion and its one-electron oxidized neutral solution must be rigorously stirred. We have not found a suitable
form which has been described as a Au(lV) species implying solvent in whichlais stable and, therefore, have not been able to
thereby a @ electron configuration of the central gold ion. recrystallize the material. Yield: 21 mg (50%). Anal. Calcd for
A number of low-quality crystal structures of salts containing

I - i (10) (a) Rindorf, G.; Thorup, N.; Bjornhom, T.; Bechgaard, Kcta
the [Au (L)z] monoanion have been report‘édut these Crystallogr., Sect. @99Q C46, 1437. (b) Schigdt, N. C.; Bjgrnholm,

T.; Bechgaard, K.; Neumeier, J. J.; Allgeier, C.; Jacobsen, C. S;

(8) (a) Eisenberg, RProg. Inorg. Chem197Q 12, 295. (b) Holm, R. H.; Thorup, N.Phys. Re. B 1996 53, 1773.
O’Connor, M. J.Prog. Inorg. Chem1971, 14, 241. (11) Spek, A. LPlaton 99 for WindowsUtrecht University: Utrecht, The
(9) Crystal structures of salts containing the [Al),] ~ anion: (a) Mazid, Netherlands, 1999.
M. A.; Razi, M. T.; Sadler, P. Jnorg. Chem.1981, 20, 2872. (b) (12) ShelXTL V.5Siemens Analytical X-ray Instruments, Inc.: Madison,
Nakamoto, M.; Koijman, H.; Paul, M.; Hiller, W.; Schmidbaur, H. WI, 1994.
Anorg. Allg. Chem1993 619 1341. (c) Davila, R. M.; Staples, R. J.; (13) Goossens, A.; Crajdd. W. J.; van der Kraan, A. M.; Zwijnenburg,
Fackler, J. P., JrActa Crystallogr., Sect. Q994 C50, 1898. (d) A.; Mackkee, M.; Monlijn, J. A.; de Jongh, L. Catal. Today2002
Gimeno, M. C.; Jones, P. G.; Laguna, A.; Laguna, M.; Terroba, R. 72, 95.
Inorg. Chem.1994 33, 3932. (e) Staples, R. J.; Fackler, J. P., Jr.; (14) Schigdt, N. C.; Sommer-Larsen, P.; Bjgrnholm, T.; Nielsen, M. F.;
Davila, R. M.; Albreit, T. E.Z. Kristallogr. 1995 210, 383. Larsen, J.; Bechgaard, Knorg. Chem.1995 34, 3688.

Inorganic Chemistry, Vol. 42, No. 13, 2003 4083



Table 1. Crystal Data and Structure Refinement r

formula GoaHzsNS:AU
fw 663.74

T 100(2) K
wavelength, A 0.71073
cryst syst triclinic
space group P1

unit cell dimensions

a=7.5989(3) A
b= 13.0465(6) A
c=14.7616(6) A

o = 68.04(1y
p=76.53(1y
y = 85.24(1}

V,Z 1319.91) R, 2

D (calcd) 1.670 Mg m?

abs coeff 5.901 mmt

F(000) 660

cryst size 0.53< 0.42x 0.23 mn?

6 range for data 3.05-31.03

collection

index ranges —11<h=<11
—18=<k=18
—21=<1=<21

refins collected 42351

indep reflns

max and min transm

refinement method full-matrix least-squaresrn

data/restraints/params 8385/0/281

GOF onF? 1.097

final Rindices R1=0.0214, wR2= 0.0562
[1 > 20()]

Rindices (all data)

largest diff peak
and hole

8385R = 0.0445)
0.344 and 0.146

RE 0.0239, wR2= 0.0575
2.459 and-2.525 e A3

CogHacSsAU: C, 47.92; H, 5.74. Found: C, 47.8; H, 5.75. El mass
spectrum:m/z = 701{M}".
[N(n-Bu)sH][Au(L) 2] (2). To a solution of the ligand #L] (0.14
g; 1.0 mmol) in absolute ethanol (5 mL) was addea84Ho)3
(0.37 g; 3 mmol). A solution of Na[AuG}-2H,0 (0.20 g; 0.5 mmol)
in ethanol (5 mL) was added dropwise atZDwith stirring under
an Ar blanketing atmosphere to the described solution. A green
solid precipitated immediately and was collected by filtration. Single
crystals of2 suitable for X-ray crystallography were obtained by
recrystallization of the crude product from a 1:1 mixture (volume)
of CH,Cl, and toluene within 2 days. Anal. Calcd fopE3sNSs-
Au: C, 43.43; H, 5.47; N, 2.11. Found: C, 43.3; H, 5.5; N, 2.0.
[Au(L) 7] (2a). This complex has been prepared electrochemically
in ref 10. Its crystal structure has also been reported.

X-ray Crystallography Data Collection and Refinement of
the Structure of 2. A transparent green crystal @ was coated
with perfluoropolyether, picked up with a glass fiber, and mounted
in the nitrogen cold stream of a Nonius-CCD diffractometer.
Intensity data were collected at 100 K using graphite monochro-
mated Mo k. (1 = 0.71073 A) of a rotating anode source working
at 50 kV/50 mA. Data collection was performed by taking 1299
frames &5 s exposure and 1.0@otation inw. Final cell constants
were obtained from a least-squares fit of 42351 reflections. The
semiempirical absorption correction routine MulScanAbgs used
to account for absorption. The ShelX®Lsoftware package was
used for solution, refinement, and artwork of the structure which

was readily solved by Patterson methods and difference Fourier

techniques. All non-hydrogen atoms were refined anisotropically.
Hydrogen atoms bound to carbon were placed at calculated position

S

Ray et al.

Physical MeasurementsMdssbauer spectra have been recorded
in transmission geometry. The appli€dAu gamma ray sources
were obtained by irradiating enriched platinum powder (97:2)
with thermal neutrons for 24 h. This results in a 200 MBq
Mdssbauer source due to the reacti8iPt + n — 197Pt, followed
by 197Pt— 197Au + 8~ + 7. + 0.6 MeV. Thef decay process has
a half-life of 18.3 h and determines the half-life of tA®Au
Mossbauer source. THE’Au nucleus, left behind in an excited
state, decays to the ground state by emission of the 77.3)keV
photon that is used for Misbauer spectroscopy. Both source and
absorber were cooled to a temperature of 4.2 K. The source velocity
has been calibrated by a Michelson interferométekll isomer
shift values are given according to this (absolute) scale. For
detection of the transmitted photons, a high purity Ge detector has
been used. Electronic spectra of complexes in solution were
recorded on a scanning double beam-UXs—NIR spectropho-
tometer (Perkin-Elmer, Lambda 19) in the range 22000 nm.
Cyclic voltammograms and coulometric measurements were per-
formed by using an EG&G potentiostat/galvanostat (model-273A).
Temperature-dependent298 K) magnetization data were mea-
sured on a SQUID magnetometer (MPMS Quantum design) in an
external magnetic field of 1.0 T. The experimental susceptibility
data were corrected for underlying diamagnetism by use of tabulated
Pascal’s constants. X-band EPR spectra were recorded on a Bruker
ESP 300 spectrometer. The Fourier transform infrared spectra (KBr
disks) were recorded on a Perkin-Elmer 2000 FT-IR instrument.

Results and Discussion

The reaction of disodium (3,5-dert-butyl-1,2-benzene-
dithiolate), Na[L'BY], with half an equivalent of Na[At!-
Cly]-2H,0 in ethanol affords the light-green anion [Au
(L*BY),]~. Microcrystalline light-green [N{-Bu)4J[Au-
(L*BY),] (1) has been isolated in 72% yield after addition of
[N(n-Bu)4]Br. Complex1 is as expected diamagnetis €
0) since it contains a Aliion (cf) in a square planar .S
ligand field.

Figure 1 displays the electronic spectrumlah CH,Cl,
which exhibits two d&-d transitions in the visible at 415-
(227) and 618 nme(= 80 M~* cm ) of low intensity. This
is in perfect agreement with other known diamagnetic square
planar complexes of Aliwith a f electron configuratiof?

By using the unsubstituted ligand 1,2-benzenedithiolate
in this reaction and adding tri{butyl)amine, the salt [NH-
(n-Bu)s][Au'"(L)] (2) has been prepared, and single crystals
suitable for X-ray crystallography have been obtained. The
structure of the oxidized product, namely [Auf],)has been
reported in ref 10.

We have determined the crystal structure2adit 100(2)

K by using Mo Ko radiation. Figure 2 shows schematically
the important structural features, and Table 2 summarizes
bond lengths. The [NH¢Bu)s]™ cation and two crystallo-
graphically distinct [Al'(L);]~ anions (each located on a
special position) are present2nOne of these anions is not
involved in hydrogen bonding contacts to the cation; only a
very weak sulfur-sulfur contact at 3.475(3) A between the

and refined as riding atoms with isotropic displacement parameters.,tWO anions  exists. The Other. anion forms two weak
Hydrogen atom H(20) bound to N(20) was located from the N—H-:+S bonds at 3.322(3) A. Figure 3 shows the structure

difference map and isotropically refined. Crystallographic data of Of the square planar anion which is not involved in hydrogen
the compound are listed in Table 1. bonding and gives the bond distances. It is important to note

4084 Inorganic Chemistry, Vol. 42, No. 13, 2003
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Figure 1. Electronic spectra of in CH,Cl, and chemically generateth in CH,CI, solution (0.10 M [N@-Bu)s]PFs). The insert shows the spectrum of
1 in the visible region.

Figure 2. Structure of the two distinct [Au(lz)~ anions and their [N{-Bu)sH]* cations in crystals of. The N-++S hydrogen contacts at 3.322(3) A and
the S-S contact at 3.475(3) A are shown as dotted lines.

Table 2. Selected Bond Distances (A) i

[Au"(L )] [Au™(L ),] ref.10

Aul-S1 2.3162(5) AuzS11 2.3051(6)
Aul-S2 2.3027(5) AuzS12 2.3139(5)
s1-Cc1 1.760(2) s1iC11 1.764(2)
s2-C2 1.768(2) s12C12 1.764(2)
C1-C6 1.398(3) C1%C16 1.402(3)
c1-C2 1.403(3) C1:C12 1.397(3)
c2-C3 1.403(3) C12C13 1.397(3)
C3-C4 1.383(3) C13C14 1.386(3)
c4-C5 1.397(3) C14C15 1.392(3)
C5-C6 1.386(3) C15C16 1.382(3)

that both G-S bonds in an (1 ligand are equidistant and
long at 1.764(2) A. The six €C distances of the phenyl
ring are also equidistant within experimental error. The
average CGC distance at 1.393(3) A is typical for an
aromatic phenyl ring. Interestingly, in [Ni{t®¥),]2-, the
corresponding metrical parameters of the coordinate@4jg-
ligand are very similar indedti(see Scheme 2). In particular,

Figure 3. Schematic representation of the anion without hydrogen bonding
contacts in crystals oR (non-hydrogen atoms are drawn at the 70%
probability level). The bond distances on the left-hand side of the molecule
are those o2 whereas those given in italics on the right-hand side are
those of the neutral molecule [Au@)reported for2a from ref 10.

the C-S bonds at average length 1.762 A are long and
indicate the presence of S,S-coordinated aromatic 1,2-

dithiolate ligands.

Inorganic Chemistry, Vol. 42, No. 13, 2003 4085
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Figure 4. X-band EPR spectrum of chemically generatedin frozen
CH_CI; solution at 30.1 K. Conditions: frequency 9.6355 GHz; modulation

10.0 G, power 504W. For simulation parameter¥\§ = 25.0,W, = 19,
W, = 35 Hz), see text.
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It is therefore significant that the geometrical parameters
of the S,S-coordinated ligands in [Aug@ly are different from
those in2. As shown in Figure 3, the neutral molecule is
also planar, but the average—S bond at 1.735(6) A is
significantly shorter and the-©C bonds show an alternating
pattern of two shorter €C bonds (av 1.380 A) and four
longer ones at av 1.408.Interestingly, the av Au-S bond
in 2 at 2.309 A is nearly the same as in [Auf.)2a) at
2.300 A. The observed distortions of the {L)igands in
[Au(L)] are the arithmetic average of those in [Ni(EY),]
and [Ni(L'"BY),]?>~ (Scheme 2) and are as observed in
[Ni"(LtBuw)(LtBY] =46 These observations represent clear
evidence that the neutral molecule [Auf]l_ ronsists of a
diamagnetic All ion () and one 1,2-dithiobenzosemi-
quinonate radical anion and one 1,2-dithiolate)2igand.
Note that crystallographically the two ligands are identical
which implies a delocalized mixed valent electronic structure
(class IlI).

Complex 1 was chemically oxidized with iodine in
acetone. The obtained yellow-green, microcrystalline At
(1a) is paramagnetic, whereas sol&h is diamagneti¢®
Temperature-dependent{800 K) magnetic susceptibility

Ray et al.

Counts

-5 10

Velocity, mm s

Figure 5. 197Au Mdssbauer spectra dfandla at 4.2 K.

spin d electron configuration$, = /2). Note that the EPR
spectra of some mononuclear'A(d®, Sy, = Y/,) complexes
have been reported. For instance, the spectrum of([A]+
aneg),](BF4). has been reportédg; = 1.9888,g, = 2.0042,
05 = 2.0407 @iso = 2.0106) andA(17Au) = —35 x 1074,
A;=55x 1074 As= —43 x 104 cm ! (Aaf(*¥7Au) = —41
x 1074 cm). More relevant to the present investigation
are the EPR spectra of square planar'[@ont)]?~ where
mne€- represents 1,2-dicyanoethene-1,2-dithiolatg(® The
X-band EPR spectrumg{ = 1.9784,g9, = 2.0064, g,
2.0168;A(*7Au) = —39.6 x 1074, A(**Au) = —40.4 x
1074, A(*7Au) = —41.2 x 104 cmY) has been interpreted
in terms of a All' with a radical anion ligandl| but see ref
16b where the magnetic orbital has been analyzed to have
20% Au character in agreement with the lar§&Au
hyperfine coupling. The EPR spectrum bé is only in
accord with a formulation as Aluand an S,S-coordinated
o-dithiobenzosemiquinonate{) radical. This is in excellent
agreementwiththe EPR spectrum reported for [(bpy(IEPcP)]
where again no Pd hyperfine coupling has been observed
(g1 = 2.018,g, = 2.006,g5 = 1.993;giso = 2.0057)°

It is well established that’’Au Mossbauer spectroscopy
is a useful and sensitive tool for the elucidation of coordina-
tion numbers and oxidation states of gold ions in coordination
compounds® Therefore, we have recorded tHéAu Moss-
bauer spectra df andlaat 4.2 K (Figure 5) and established
the following Mssbauer parameters fbrisomer shiftd =
3.36 mm s?, quadrupole splittingA\Eq = 2.92 mm s?, and

measurements using a SQUID magnetometer in an externafor 1a, 6 = 3.20 mm s!, AEq = 3.06 mm s*. Thus, one-
magnetic field of 1.0 T indicated a temperature-independent electron oxidation ofl to 1a does not affect the Mgsbauer

(10—300 K) magnetic moment of 1.75 (S= /,) andg =
2.0 for 1a. This result immediately implies that the para-
magnetic neutral molecules ita do not pack in the solid

parameters greatly, and certainly, a change of thedattron
configuration from @in 1 to d’ (low spin) in lais clearly
not in accord with the data. In fact, the data nicely

state in a fashion giving rise to intermolecular spin exchange corroborate a AtiS, structure in both casés.

phenomena. In particular, no dimer formation as in [Au-
(L)2] is possible.

TheS= %, ground state foLais confirmed by the X-band
EPR spectrum of a frozen GAI; solution at 30.1 K shown
in Figure 4. This shows thdta does not dimerize, even in
solution. A rhombic signal witlg, = 2.0690,g, = 2.0320,

0, = 1.911 @isc = 2.0030) has been observed without
detectablé®Au (I = 3/, 100% natural abundance) hyperfine
splitting. This rules out the presence of aMion with low

4086 Inorganic Chemistry, Vol. 42, No. 13, 2003

Figure 6 displays the infrared spectra (KBr disks)lof
and 1a in the range 1508500 cmi™. The spectra are as
expected quite similar with the notable exception that

(15) Ihlo, L.; Kampf, M.; Bdtcher, R.; Kirmse, RZ. Naturforsch2002
57h 171.

(16) (a) Van Reus, J. G. M.; Viegers, M. P. A.; de Boeraem. Phys.
Lett. 1974 28, 104. (b) lhlo, L.; Steser, R.; Hofbauer, W.; Bher,
R.; Kirmse, R.Z. Naturforsch.1999 54b, 597.

(17) Schlupp, R. L.; Maki, A. Hinorg. Chem.1974 13, 44.

(18) Parish, R. VGold Bull. 1982 15, 51.
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1 +e +e
S=7, S=0
Il t=Buy 12—

exhibits two strong new bands at 1085 and 1014 %tnoth AL (1)
of which are absent in the spectrum bfWe assign these S= l/2
sl predominIY(C—) Sl HeQUETISs S i th near e regon at 1452 2.7 10

' q ' s1) and, in addition, maxima at 400 nm (56 10 M~*

This is in acpord vy|th a resonance Raman investigation of cm1) and 1023 nm (2.2 10° M-t cm-Y). We tentatively
the phenylthiyl radicaP for which the predominantly(C= . ; .
: assign the intense band at 1452 nm to an intervalence

S) mode has been observed at 1073 &7, Wilson mode). transition of the type [A(LE8)(L-89] = [Au" (LEB¥)(L+-8+)]

. . . 1 .
These intense bands in the region 110000 cn! are Note that [AsPH[Ni "(Lt-B%)(Lt8%)] displays this interva-
spectroscopic markers for the occurrenceoedithioben- lence transition at 860 nme & 1.2 x 10° M—1 cmr):# it is

atn i i e t-B 20 . ’
zosemiquinonate radicals. Thus, in fNBu),][Co" (LBY),]%°, absent €700 nm) in [NE-Bu)[CoM (Lt-8%),].20

these bands ar@ot observed since it contains two- . .
o . . : In summary, we have established that the electronic
dithiophenolate(2) ligands and a cobalt(lll) ion, but in .

, 1 BT B : structure of complexeta and 2a cannot be described as
Sellmann’s complex: [N¢Bu)[Ni*(L=>)(LTB¥)], an in- species containing a central Au(lV) ion with a low spifh d
tense band at 1114 crhis observed??® The fact thatla lp " 9 Rather. th | P
displays two such bands may point to the existence of two © egtron con |gurat|or_1. at er,_t €se square planar paramag-

netic § = ¥,) species contain an S;8oordinated 1,2-

i Wl (] t—Bu t—Bue’ i
:2822:3 f;gﬁg (La cr)(sLtaI st)r]l;:ti?;ei:));,a\t/\rlzn;:r?gtaig/e dithiobenzosemiquinonatef) radical. Spectroscopic and
: 9 y P structural markers for such radicals are the following: (i)

th|s- point at present. , There are a short-€S bond at~1.72 A and a quinoid type
Figure 7 displays the cyclic voltammogram bin CH,- distortion of the six-membered ring giving rise to two
Cl2 solution containing 0.10 M [NtBu)JJPFs supporting o |atively short, alternating-€C bonds and four longer-€
electrolyte. The redox potentials are referenced versus thec bond distances. (ii) In the infrared, there is@€=S)
ferrocenium/ferrocene (Fd-c) couple. Two reversible one- stretching frequency a¢1100 cn™. (jii) In the near-infrared,
electron transfer processes are observed at 0'07%&28 ladisplays an intense ligand intervalence band at 1452 nm.
V versus Fé¢/Fc. Coulometric measurements established that (iv) The EPR signal ofLa does not exhibit Au hyperfine
the first process corresponds to a (ligand-centered) O”e'coupling nor coupling to the hydrogen atoms of the phenyl
electron oxidation ofl whereas the second is most likely a fing; it is characteristic of an S-centered radical.
metal-centered one-electron reduction, eq 1. ’ _

Cl, solution, we have been able to record the electronic ndustrie for financial support.

spectrum Oﬂ?Whi_Ch is shown in_ Figure 1. Itis i_nteresti_ng Supporting Information Available: Crystal data, final coor-
that this species displays a very intense absorption maximumdinates; temperature factors, distances, and angles for the crystal-
lographic study of. This material is available free of charge via
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