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New proton and electron donors, M'(HL), (M = Ni, Pd, Pt; L = 5,6-diethylpyradzinedithiolate), as well as a proton
and electron acceptor, PtV(L),, were prepared and characterized. The pH-dependent cyclic voltammetry of the
M'(HL), complexes revealed a favorable Gibbs free energy (K.om > 1) for the proton and electron transfer reactions

from M'(HL), to MY(L),; i.e., the equilibrium for the following reaction lies to the right: M"(HL), + MV(L), == 2M"-
(HL)(L).
Introduction extending the conjugated syst&mand by introducing donor

Cooperative phenomena of proton and electron transfer

are of great interest not only from a scientific but also from
a new-material point of view.As previously reported, we

have investigated the cooperative proton and electron transfe
(PET) systems based on hydrogen-bonded charge-transfer

complexeg. Among these materials, hydroquinergenzo-

quinone systems showed unique solid-state properties that

originated from both proton and electron transfers under high

pressure, characterized by pressure-dependent IR and UV

spectr&® ¢ To generate the PET phenomena under milder
conditions, we have modified the conjugated rings by
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and acceptor grou@sto enhance the thermodynamic and
kinetic stabilities of the PET states. Although such molecular
designs certainly led to a new family of PET systems, a high

pressure was still required to observe the transition to the

PET state.
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The approach in our new design to stabilize the PET state
is the incorporation of transition metal atoms into molecular
conjugated systems for utilizing a variety of redox states of
metal atoms. We focus on transition metal complexes
equipped with dissociative protons. Such metal complexes
are known to exhibit pH-dependent metal-based redox
propertiess The pH dependency of the redox potentials
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Scheme 1. Synthesis ofl—42 ()
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a Conditions: (a) NaOH, MeOH, #D, 28%; (b) Bg, pyridine, AcOH,
72%; (c) POCY, pyridine, 81%; (d}-BuSH, NaH, DMF, 79%; (e) NiBx
PdCb, or KzPtCly, concentrated HCI, MeOGIEH,OH; (f) NaOH, BuNCl,
H,0, quantitative; (g) DDQ, CkCl,, 79%.

suggests the cooperativity between the proton and the
electron. Since our ultimate aim is to understand the effects
of dynamic proton displacement on solid-state propetfties,
we have decided to focus our work on square planar
complexes of the Ni group. Related complexes with similar
structures have been shown to possess desirable electrocon-
ductive properties in the solid steté\s a first step, we have
estimated the thermodynamic stability of the proton and Figure 1. ORTEP drawings ofl with thermal ellipsoids drawn at 50%
electron transfer state of the designed molecules in solution.probability: (a)1-2DMF; (b) 1-2DMAC. DMAC molecules are disordered.
In this study, we present the synthesis and the equilibrium
constants for the proton and electron transfer reactions of The Ni complex1-:2DMF gives an intrachelate-SNi—S
(pyrazinedithiolato)metal complexes with a planar structure. angle of 92.75(3)and almost identical NiS bond lengths
(2.1680(9) and 2.1714(9) A). These-N\s bond lengths are
very close to those of [Ni€.Me,),]>~ with Ni(ll) formula-
Synthesis, Structure, and Properties of Proton and  tion (2.179(4) A)’ The S-C and N-C distances of-2DMF
Electron Donors 1—3. Metal complexed—3, which were exhibit some differences on the-NH and N side. A similar
expected to behave as proton and electron donors, werdrend is also observed in the case D2DMAC. These
prepareélaccording to the procedure outlined in Scheme 1. differences in bond lengths, i.e., bond alternation, suggest a
All the metal complexesl—3 gave X-ray-quality single  large contribution of the following monoanionic structure
crystals fromN,N-dimethylformamide (DMF) oN,N-dimeth- to the electronic structure of the ligand:
ylacetoamide (DMAC) solutions. These compounds showed
a square planar coordination and formed hydrogen bonds
between an N-H site and an oxygen atom of the solvents.
Two ligands of Ni complex1l adopted trans and cis
configurations incorporating DMF and DMAC, respectively
(Figure 1). Pd and Pt complexe®,and 3, adopted a cis N
configuration for the two ligands solvated with DMAC. The 1322 1728
bond lengths and angles far-3 are listed in Table 2. The
almost identical dissymmetric ligand geometry with respect ~ Thus, the oxidation state of the Ni atomDfs +II. Such
to the N-H and N side betweeri-DMF and 1-DMAC characteristics in the geometry of the ligands are also found

supports the cis/trans assignment of the protonation sites inin the other complexes such dsand3. Therefore, we can
1-DMAC. assign the oxidation state &gl for Pd and Pt. To confirm

the assignment, a quantum chemical calculatiorl efas
(4) Mitani has reported the fascinating function for hydrogen-bonded performed by the DFT method (RB3LYP/|_ANL2DZ),

charge-transfer complexes, i.e., proton motion with a high frequency, . : .
guantum proton fluctuation, and strong protalectron interaction. Figure 2 shows the molecular orbital d'agram bhlong

See: Mitani, T.; Inabe, T. Idvances in Spectroscopglark, R. J. with that of Ni'' (HL)(L) and NiV(L). The natural population

\|_/18I H;;‘%r’s 391'5_-'35;’5-? John Wiley & Sons: Chichester, U.K., 1993, gnalysis based on DFT calculations gives 9.07 electrons on
(5) Robertéon, N.; Cronin, LCoord. Chem. Re 2002 227, 93—127.
(6) Becher, J.; Stidsen, C. E.; Toftlund, H.; Asaad, F.INbrg. Chim. (7) Lim, B. S.; Fomitchev, D. V.; Holm, R. Hinorg. Chem.2001, 40,

Acta 1986 121, 23—26. 4257-4262.

Results and Discussion
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Cooperatve Proton—Electron Transfer in M(Hdepdt)

Table 1. Crystallographic Data fot—3

1-2DMF 1-2DMAC 2:2DMAC 3-2DMAC
formula GooHz6NsS4NIO2 Co4HaoNeNIO2S4 Co4HaoNePdOSy CosHaoNePtOS4
fw 603.51 631.57 679.26 767.95
color and habit brown, block brown, prism red, prism violet, block
cryst system triclinic monoclinic monoclinic monoclinic
space group P1 (No. 2) C2/c (No. 15) C2/c (No. 15) C2/c (No. 15)
a(A) 8.1157(5) 16.0698(2) 16.016(3) 15.91(2)
b (A) 9.1057(8) 12.2833(5) 12.251(4) 12.227(9)
c(A) 10.794(1) 15.6376(2) 15.786(2) 15.75(1)
o (deg) 72.092(2)
B (deg) 68.350(2) 97.771(3) 97.11(1) 97.07(3)
y (deg) 88.225(4)
V (A3) 702.4(1) 3058.4(1) 3074(1) 3040(5)
z 1 4 4 4
T(°C) —73 23 23 23
u(Mo Ka) (cm™?) 1.019 0.939 0.907 4.923
Dcalcd (g cN73) 1.427 1.372 1.468 1.678
reflcns measd 6074 13902 3516 3475
reflens used 2446 2081 2278 2485
params 160 186 186 186
R1, wR2 ] > 20(1)] 0.066, 0.165 0.051, 0.116 0.034, 0.088 0.037, 0.067
GOF onF? 0.999 1.003 0.966 0.850

irreversible redox waves. The lack of reversibility in the first
redox wave (Table 4) appears to be related to the coupling
of the proton transfer process and the redox process. This is

Table 2. Selected Bond Lengths and Angles for3
1-2DMF 1.2DMAC  2:2DMAC  3-2DMAC

M—S(1) 2.1680(9)  2.181(1) 2.306(1) 2.305(2) - > dlld )
M—S(2) 2.1714(9) 2.174(1) 2.289(1) 2.285(2) because the corresponding dianionic spedi#s{3?~) show
S(1)-C(1) 1.705(4) 1.706(3) 1.703(3) 1.705(5) i ior i iani i

B-C 1.728(4) 1736(3) 1736(3) 1731(3) fully reve_rrsk:bli behay.glor. in the d|§m|ogxlnjonc|>anr|]on rhedox
c(1)-Cc(2) 1.416(5) 1.420(5) 1.433(5) 1.423(6) process. e first oxidation potentla& , Imply that the
C(1)-N(1) 1.345(5) 1.347(4) 1.344(4) 1.344(5) electron donor abilities ol—3 are comparable to that of
C(2-N(2) 1.322(5) 1.321(4) 1.319(4) 1.322(5) ; 1 i inility i

N(D-O(1) 2685(4) 2 765(4) 2736(4) 2751(2) tetrathiafulvalene (TTF)! The irreversibility in the second

redox process could be caused by the intrinsic instability of
highly oxidized species because the diarlién-3?- species
the 3d orbital of the Ni atom, indicating & donfiguration gave irreversible redox waves in the monoanion/neutral redox

with a charge transfer from the ligands to the nickel métal. Process.

Table 3 shows the electronic absorption bands of MgHL) In general, the redox reaction coupled to the proton transfer
All the neutral complexes gave intense bands in the rangeis referred to as the proton-coupled electron transfer
of 400-700 nm (Figure S1), which could be assigned to (PCET)P312The PCET reaction of many metaigand
the HOMO(yps2, by) — LUMO(yes, &) transition. The TD- systems having dissociative protons has been widely studied
DFT (RB3LYP/LANL2DZ) calculation for Ni(HL) sug- by pH-dependent cyclic voltammetry to estimate redox
gested a low-energy band with an oscillator strength of 0.282 potentials and acid dissociation constants. Therefore, the
at 550 nm corresponding to the HOM® LUMO transition. redox potentials ol—3 were monitored in the pH range of
The DFT calculation shows that the HOMO possesses large2—10 in 3:1 (v/v) acetonitrile-aqueous solution. Figure 3
coefficients on the ligands with a nonnegligible metal shows the Pourbaix diagram fbrThe cyclic voltammogram
contribution, whereas the LUMO localizes on the ligands. of 1 clearly revealed a pH dependence. The pH dependence
The distribution pattern of the frontier orbitals indicates that of these redox couples was fitted using the following
the low-energy intense band observed in M(Hcan be equations:
assigned to the MMLLCT (mixed metaligand to ligand
CT).2 These intense bands give the order of increasing energye, . = E u — 0.059“09«;“ +HT) -
as Ni~ Pt < Pd, which is in accordance with the behavior TR i 42
of the transition energies of the square planar M(SST) 10g(Kar Kaz' + Kag [HTT+HTTI] (1)
complexes?® The anomalous behavior of the Pd complexes
is also seen in the optical and electrochemical properties of
the M(bpy)(bdt) complexe¥.

Electrochemical Behavior of Proton and Electron
Donors 1—3. Cyclic voltammetry ofLl—3 in DMF gave two

S(1-M—S(2) 92.75(3) 92.15(3)  89.54(3)  89.63(7)

Ewv =E v + 0'059[|09Ka|“ + [H+])] (2

Here E °,y and E 'y are the formal standard redox
potentials of the Ni(Il)/Ni(lll) and Ni(llI)/Ni(IV) couples at
pH = 0, respectively, ani,,", KoJ', andKy" are the acid
dissociation constants for NHL),, Ni"(HL)(L) ~, and NI"-

(8) Bachler, V.; Olbrich, G.; Neese, F.; Wieghardt,IKorg. Chem2002
41, 4179-4193.

(9) (a) Paw, W.; Cummings, S. D.; Mansour, M. A.; Connick, W. B.;
Geiger, D. K.; Eisenberg, RCoord. Chem. Re 1998 171, 125- (11) The oxidation potential of TTF wa$0.08 V (vs Fc/F¢) in DMF.
150. (b) Cocker, T. M.; Bachman, R. Borg. Chem2001, 40, 1550~ (12) (a) Thorp, H. HChemtracts: Inorg. Chenl991, 3, 171-184. (b)
1556. Stubbe, J.; Nocera, D. G.; Yee, C. S.; Chang, M. CCfiem. Re.

(10) Forbes, C. E.; Holm, R. H. Am. Chem. S0d97Q 92, 2297-2303. 2003 103 2167-2201.
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Figure 2. Molecular orbitals of nonsubstituted 'NHL)2, Ni''(HL)(L), and NiV(L)2 based on the R(O)B3LYP/LANL2DZ calculation.

Table 3. Electronic Transition Data fot—3 = exXp(—AG°,n/RT), where AG°:om = —NFAE°;m and
Ni(HL)» (1) Pd(HL. (2) Pt(HL). (3) AE®com = E”'unv — B :
299 (28 000) 277 (18 200) 337 (6400) H
S92 (11 300 502 (7600) 591 (5200) O I
527 (7700) BN STONTE BTN S 8T ONT E
Mi(HL), ML),
(HL)(L), respectively® The best fitting curves were obtained Proton Electron Donor Proton Electron Acceptor
with the values listed in Table B. According to the
equations, the potential of the Ni(ll) (red area)/Ni(lll) (green Keom
area) couple is dependent on pH below approximately 8 with H
an initial slope of—60 mV/pH unit. The slope gradually 2 B NS, SN B
increases to a maximum ef120 mV/pH unit near pH- 6 Et:[NIS/M\SI\NIEt
and remains constant until piH 4, where it decreases again MIHL)(L)

to approximately—60 mV/pH unit. On the other hand, the
potential of the Ni(lll) (green)/Ni(1V) (blue) couple exhibits The proton and electron transfer reaction betweeh Ni
a pH-independent behavior above pH and increases with  (HL), and NiV(L), favors the forward directionKom =
a slope of—60 mV/pH below pH~ 414 2500) at 25°C for pH < 4 in contrast to the backward
Equilibrium Constants for Proton and Electron Trans- direction found in the hydroquinorébenzoguinone systeth.
fer Reactions. The comproportionation equilibrium con-  This finding suggests that the charge-transfer complex
stants Keom, for the following PCET reaction were obtained between Ni(HL), and NiV(L), could transfer to the PET
from the difference in the standard redox potentials, Kem state under milder conditions in the solid state than in the
hydroquinone-benzoquinone system. The thermodynamic
(13) The differences in the oxidation potentials betwEgt} (in Table 4) ili —Ni'v
andE®,; (in Table 5) should arise from the differences of the solvent Stablllty of the PET state for the MH L)Z NI (L)2 SyStem
used in the CV measurements. The potential differences of-0.24 Was supported using DFT calculations, which indicate that
0.32 V are similar to those of the reported values of hydroquinones the proton and electron transfer reactions are exo- and
in various solvents. See reaction 6 in Table 1 of the following : P NIV
reference: Stallings, M. D.; Morrison, M. M.; Sawyer, D. [fiorg. endothermic for the N,(HL)Z Ni (L)Z system 610'5 kJ/
Chem.1981, 20, 2655-2660. mol) and the hydroquinorebenzoquinone system+-g1.1
(14) The pH-dependent CV was measured under the condition of 3:1 |k 3/mgl), respectively. Although the other complexes such
acetonitrile-water solutions of the complexes due to the solubility ! L . -
limitation of the complexes in aqueous solution. Because the glass @S2 and3 also exhibitKeom > 1, the thermodynamic stability
electrode pH meter gives a reproducibly Nernstian response to of the PET states is small in comparison with thatlofn

hydrogen ion concentration in agueous, acetonitrile, and their mixed . .
solutions, the apparent pH values obtained directly from the meter contrast to our results, Lappin reported the thermOdynam"
readings in 3:1 acetonitritewater solutions were referred to as pH.
See: Rondinini, S.; Mussini, P. R.; Mussini, Pure Appl. Chem. (15) Patai, S.; Rappoport, Zhe chemistry of the quinonoid compounds

1987 59, 1549-1560. Wiley: New York, 1988; Vol. 2, Part 1, p 719.
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Table 4. Oxidation Potentials of Neutral Speci&s-3 and Dianion Specie$? —32-2

1 2 3 12~ 22 3%
E, % -0.10 +0.13 —0.0# —0.6# —0.3%¢ —0.61
Ex%* +0.28 +0.28 +0.26 +0.2P +0.18 +0.10

2 See Experimental Section for measurement conditidEgs. © E.

Proton donor ability ofLl—3 can also be estimated from
the Pourbaix diagram. Acid dissociation constants obtained
from the curve fitting gave smallq," values, which were
consistent with the weak acid character of the doheB.

The almost identical acidity withii—3 indicates that the
metal redox ability has a small influence on the acidity of
the ligands. Spectrophotometric titration (Figure S2]-68
supported the acid dissociation constants obtained from the
Pourbaix diagram. At first glance, the invariance of tig p
values amond—3 seems to indicate that the redox process
is ligand-centered rather than metal-centered. However, this
idea is inconsistent with the difference in the redox potentials
of 1-3 and with the 26-27% metal character of the
molecular orbitals. Thus, the redox reactions should mainly
be ligand-centered with a small but nonnegligible contribu-
tion of metal atoms.

Figure 3. Pourbaix diagram of. Red, green, and blue areas correspond Synthesis an.d Properties of Pr‘?ton and EleCtgon
to formal Ni(ll), Ni(lll), and Ni(IV) oxidation states, respectively. Acceptor 4. Cyclic voltammetry of dianion M(Lf~ 1>~ —3*~
in CH,Cl, gave reversible and irreversible redox waves in

Table 5. Parameters for the pH-Dependent CV Measuremeitt the first and second redox processes, respectively (Table 4).

B E%wnv  Keom  PKar' pKad' pKd"  pKat'®  pKad'® The second oxidation potentia;*, imply that the electron
1 4022 +042 2500 65 76 36 6.1 7.8 acceptor ability of formal M(IV) oxidation states, i.e., neutral
2 +040 +044 48 60 73 36 58 78 MY(L),, should be comparable to that of 2,3-dichloro-5,6-

3 +0.20 +0.33 160 61 77 41 5.8 7.8 . . S
dicyanop-benzoquinone (DDQY The oxidation of the

aSee Experimente}l S_ecti_on for measurement conditibBetermined dianion specieiz‘—BZ‘ with 1 equiv of b afforded dark

by spectrophotometric titration df—3. . . . . .

green solutions showing intense ESR sigi&lhe aniso-

tropic g-values for these Ni, Pd, and Pt complexes were
cally favored disproportionation reaction of the'"NifH=* similar to those for most square planar dithiolate complexes
complex [L'H, = bis(oxime imine)[:° This discrepancy could  of M(IIl) formulation.2° This finding indicates that the one-
be attributed to the difference in the degree of spin delocal- electron oxidized species 4 —32~ are of M'(L),™ type.
ization onto the ligands. The unpaired electron on the Ni(lll) Further oxidation of M (L), is expected to give M(L)
atom of Ni"(HL)(L) can widely delocalize on the $jpased as a proton and electron acceptor. However, several attempts
ligand through LMCT and can minimize an excess positive to obtain NIV(L), and P& (L), have so far been unsuccessful.
charge on the Ni atom. Such a highly delocalized structure On the other hand, the oxidation of'Rt),2~ with excess
would lead to the thermodynamically favored compropor- DDQ successfully afforded dark blue microcrystalline pow-
tionation reaction in the MHL),—M"Y(L). system (Figure  ders. IR, FAB-mass spectroscopy, and elemental analysis
4). This valence bond picture is supported by the DFT supported the generation of'Rt.), (4). The UV spectrum
calculation of the Ni(lll) species indicating a wide-spreading of 4 in CH,Cl, exhibited deviations from Beer’s law, which
SOMO (pe2) on the entire molecule (Figure 2). Another is consistent with the formation of a dimer and partial
possible mechanism for the discrepancy between Lappin’sdissociation into the monomeric species (Figure 5). The TD-
and our system is the electrostatic differences between aDFT calculation for PY(L), predicts an intense absorption
thiolate ion and an pD, system. It is well-known that the  band at 734 nm derived from a HOM@QUMO transition,
stabilization of the high-oxidation Ni species requires ligands indicating that the band observed at 826 nm is an intramo-
with high electron densities. Most well-characterized Ni(lV) lecular transition of the monomeric "AiL),. The dimeric
complexes contain N, O, and F donor atoms. The thiolate character was also supported by the FAB-mass spectrum
ion can be regarded as a soft nucleophile, which less (Figure S4) of4, which gave additional peaks ofiz 985
stabilizes the Ni(IV) oxidation states than a harDhsystem

in the context of the softhard acid-base theory?’ (18) The reduction potential of DDQ was0.11 V (vs Fc/Ft) in CH.Cla.
(19) g-values observed in Gi€l; at —120 °C: Ni'"(L),~, 2.186, 2.046,
2.026; PH'(L)2~, 2.073, 2.041, 1.950; B{L),~, 2.225, 2.051, 1.979.

(16) Lappin, A. G.; Martone, D. P.; Osvath, Porg. Chem.1985 24, See also Figure S3.
4187-4191. (20) (a) Davison, A.; Edelstein, N.; Holm, R. H.; Maki, A. hhorg. Chem.
(17) (a) Pearson, R. GI. Am. Chem. Socl963 85, 3533-3539. (b) 1964 3, 814-823. (b) Lim, B. S.; Fomitchev, D. V.; Holm, R. H.
Pearson, R. G.; SongstadJJAm. Chem. S04967, 89, 1827-1836. Inorg. Chem.2001, 40, 4257-4262.
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Figure 4. Valence bond diagram for spin delocalization of'§HL)(L).
Experimental Section

All experiments with moisture- or air-sensitive compounds were
performed in anhydrous solvents under an argon atmosphere in well-
dried glassware. The solvents were dried and distilled according
to the standard procedures. The infrared and electronic spectra were
recorded using a Perkin-Elmer FT 1640 IR spectrometer and a
Shimadzu UV-3100PC spectrometer, respectively. THIeNMR
and ESR spectra were obtained using a JEOL EX-270 spectrometer
and a JEOL JES-FE2XG spectrometer, respectively.

The cyclic voltammetric measurements were performed with a

ALS-612A electrochemical analyzer using a glassy carbon working

electrode, a Pt counter electrode, and an Ag/AgNé€ference

electrode in DMF (forl—3) or CH,Cl, (for 4—6) containing 0.1

M BuyNCIO, as the supporting electrolyte at a scan rate of 100
Figure 5. Electronic absorption spectra of L), at various concentra- ~ MV/s. The Fc/F¢ couple was used as an internal standard. For
tions: green line, 1.64 10~° mol/L; orange line, 3.28< 10> mol/L; pH-dependent CV measurements, a glassy carbon working elec-
blue line, 1.64x 10~* mol/L. trode, a Pt counter electrode, and an Ag/Aghi€ference electrode

were used in CBCN/H,O (3:1, v/v) containing 0.1 M BINCIO,
and 1184 that originated from the [2M L + H]* and [2M as the supporting electrolyte at a scan rate of 100 mV/s. The Fc/
+ H]* species, respectively/ It is noted that dianion species Fct coupl_e was use_-d as an internal standard. The pH measurements
32 can lead to both a good neutral electron donor and g were carried out using a HORIBA F-24C pH meter. The parameters

good neutral electron acceptoranestep (protonation o8 of the pH-dependent CV measurements were determined by the
and oxidation of4, respectively) least-squares curve fitting on the basis of eqs 1 and 2.

Synthesis of M(HL), (1—3). The mixture of 2,3-diethyl-5,6-
Conclusion bis(2-methyl-2-propylthio)pyrazine (1 g, 3.2 mmol), metal source
. ) (1.6 mmol), and three drops of concentrated hydrochloric acid in
We obtained M(HL), (M = Ni, Pd, Pt) as a proton and  _methoxyethanol (25 mL) was refluxed for 12 h. The solvent was
electron donor and investigated the thermodynamic driving evaporated, and the resultant blue powders were washed with water.
force associated with the coupling of proton and electron Recrystallization from the DMF solution yielded dark violet crystals.
transfer. Furthermore, we also succeeded in the generatiorl: mp >300°C; IR (KBr, cm1) 2966, 2935, 1645, 1154, 1047,
of PtV(L), as a proton and electron acceptor. As expected, 675;H NMR (270 MHz, NaOD/BO/DMSO-dg) 6 1.017 (12H),
the proton and electron transfer state of th&(INL),—M V- 2.414 (8H);**C NMR (67.8 MHz, NaOD/BO/DMSO-s) 6 15.21,
comparison with that of the hydroquinonbenzoquinone  S»20.83. Calcd for %H%NﬁN'OZS‘*: (3’143'783 H,6.01 N, 13.93;
system. Currently, we are investigating the solid-state S,21.252. mp >300°C; IR (KB, cm %) 2966, 2935, 1645, 1154,

: 1047, 675;'H NMR (270 MHz, NaOD/RO/DMSO<ds) & 1.010
za(apgg'(el_s) of the charge-transfer complex betwe€(H)2 15 5 455 (g1)13C NMR (67.8 MHz, NaOD/BO/DMSO-d)
2.

6 15.71, 27.02, 145.06, 170.16. Anal. Found: C, 40.37; H, 5.49;
. - N, 12.89; S, 19.51. Calcd forgH3gNsO-PdS;: C, 40.57; H, 5.57,
21) For characterization of a dimeric dithiolene complex, see: Balch, A. o, .
( ) L.: Dance, G. I.;: Holm, R. HJ. Am. Chem. SOd.%Ga 90, 1139 N, 12.90; S, 19.703: mp >300°C; IR (KBr, cm l) 2967, 2935,
1145. 1646, 1155, 1046, 676H NMR (270 MHz, NaOD/BO/DMSO-
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dg) 0 1.024 (12H), 2.453 (8H):3C NMR (67.8 MHz, NaOD/RO/
DMSO-dg) 6 15.32, 26.80, 143.70, 168.98. Anal. Found: C, 35.44;
H, 4.69; N, 11.28; S, 17.16. Calcd forfi3sNsO.PtS;: C, 35.71;

H, 4.90; N, 11.36; S, 17.34.

Synthesis of (BuN),Pt(L).. An aqueous solution of BMBr
(435 mg, 1.35 mmol) was added to a solution of Pt((3) (400
mg, 0.674 mmol) in an aqueous NaOH solution (1 mol/L, 15 mL).
The resultant vivid yellowish orange powder was collected by
filtration and washed with a small amount of water. Yield: 648
mg (89%). Anal. Found: C, 53.00; H, 8.48; N, 7.80. Calcd for
CugHooN6PtS;: C, 53.55; H, 8.61; N, 7.81'H NMR (270 MHz,
CRCOO0D)?26 0.923 (24H), 1.280 (16H), 1.386 (8H), 2.770 (8H),
3.087 (16H).

Synthesis of Pt(L) (4). The dianion species (BN),Pt(L), (255
mg, 0.237 mmol) and DDQ (210 mg, 0.925 mmol) were dissolved
in 10 mL of CHCl,. The mixture was stirred fo2 h atroom

temperature. After evaporation of the solvent, the resultant dark
blue powder was washed with acetone. Recrystallization from

benzene solution yielded a dark blue microcrystalline povacir
Yield: 110.9 mg (79%). Mp:>300 °C. IR (KBr, cnr1): 2970,
2933, 1495, 1444, 1360, 1299 1202, 1157, 1042. MS (FAB,
NBA): m/z591 [(M + H)*]. Anal. Found: C, 32.21; H, 3.42; N,
9.29. Calcd for GgH2oN4PtS;: C, 32.48; H, 3.41; N, 9.47. UV-
(CH.Cl,, nm): 344, 606, 826.

X-ray Crystallography. Data collection was performed using
a Rigaku RAXIS-RAPID Imaging plate diffractometer (MaxK4

(22) *H NMR of (BusN)2Pt(L), in CDCl; caused signal broadening due to
a trace amount of open-shell Pt¢L) which would be generated by
air oxidation. The solution of (BiN)2Pt(L), in CH.Cl; initially gives
the reddish orange color, which gradually turned to green in air. The
newly appeared band in the UV spectra is identical with that of Pt(L)
generated by one-electron oxidation of (Bl)pPt(L), with I5.

(23) ™H NMR (270 MHz, CDQCl,) of 4 gave two broad signals at1.09
and 2.57 in the temperature range frer80 to —50 °C.

=0.710 69 A) forl-2DMF, 1:2DMAC, and3-2DMAC and using

a Rigaku AFC5R (Mo K, 2 = 0.710 69 A) for2:2DMAC. The
structure was solved with direct methods and refined by the full-
matrix least-squares method (SHELX-97) &R. All the non-
hydrogen atoms were refined anisotropically. The hydrogen atoms
were placed in their calculated positions. The crystallographic details
are summarized in Table 1.

Computational Details. All the DFT calculations of the metal
complexes were performed at the BALYP/LANL2DZ level using
the Gaussian 98 prograthGeometry optimizations were carried
out with Cy, for Ni'"(HL),, Cs for Ni'""(HL)(L), and D, symmetry
for Ni'"V(L),. The time-dependent DFT (TD-DFT) calculation of
Ni"(HL), was done with the atom positions determined by the X-ray
crystallographic analysis. The TD-DFT calculation fol Rf), was
performed withD,n-optimized geometry.

Supporting Information Available: Figures showing UV, ESR,
and FAB-mass spectra and spectrophotometric titration and crystal-
lographic data in CIF format. This material is available free of
charge via the Internet at http://pubs.acs.org.
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