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The tppz-bridged diruthenium(ll) complex [(dpk)(CHRu"(u-tppz)Ru'(CI)(dpk)](ClO4)2, [2](ClO4);, and mononuclear
[(dpk)(CI)Ru"(tppz)](ClO,), [1](ClO4) [tppz = 2,3,5,6-tetrakis(2-pyridyl)pyrazine, dpk = 2,2'-dipyridylketone], have
been synthesized. The 260 mV separation between successive one—electron oxidation couples in [2]?* translates
to a relatively small comproportionation constant, K;, of 2.5 x 10* for the intermediate. It is shown how electrochemical
data (Eox, Ered, Ke) reflect the donor/acceptor effects of ancillary ligands L in a series of systems [(L)CIRu(u«-tppz)-
RuCI(L)]", particularly the competition between L and tppz for electron density from the metal. According to EPR
(g1 = 2.470, g, = 2.195, and g5 = 1.873 at 4 K) the intermediate [2]** is a mixed-valent Ru"Ru" species which
shows a rather narrow intervalence charge transfer (IVCT) band at 1800 nm (¢ = 1500 M~* cm™1). The width at
half-height (Av1,) of 700 cm~? of the IVCT band is much smaller than the calculated value of 3584 cm™, obtained
by using the Hush formula Avy;, = (2310E,p)"2 (Eqp = 5556 cm™2, energy of the IVCT transition) which would be
applicable to localized (Class Il) mixed-valent Ru"Ru™ systems. Valence delocalization in [2]** is supported by the
uniform shift of the vc—o band of the N,N’-coordinated dpk ligands from 1676 cm~! in the Ru"Ru" precursor to
1690 cm~! in the Ru?®Ru?® form, illustrating the use of the dpk acceptor to act as reporter ligand via the free but
sr-conjugated organic carbonyl group. The apparent contradiction between the moderate value of K; and the narrow
IVCT band is being discussed considering “borderline” or “hybrid” “Class II-III" concepts of mixed-valency, as well
as coordination aspects, i.e., the bis-tridentate nature of the sr-acceptor bridging ligand. Altogether, the complex
ions [1]* and [2]?* display four and five successive reduction processes, respectively, involving both tppz- and
dpk-based unoccupied sz* orbitals. The one-electron reduced form [2]* has been assigned as a tppz*~ radical-
anion-containing species which exhibits a free-radical-type EPR signal at 4K (g, = 2.002, g = 1.994) and one
moderately intense ligand-based low-energy band at 965 nm (¢ = 1100 M~t cm™?).

Introduction RU(NH3)s]®".2 This interest is partially due to the fact that
such studies extend the basis towards the design of molecular
electronic devices such as molecular wires and swifches
besides their potential relevance for bioinorganic chenfistry
and for theoretical aspects of electron-transfer mecharfisms.
Mixed-valent species are frequently categorized into classes,
based on criteria put forward by Robin and Daglass I

*To whom correpondence should be addressed. E-mail: lahiri@ d€notes a situation where the valence configurations of the

The bridging ligand-induced intermetallic electronic cou-
pling in mixed-valent polyruthenium systems has been the
focus of continuous scrutifgince the discovery of pyrazine-
mediated strong electronic coupling between thé-Rru"
centers in the CreutzTaube ion, [(NH)sRu(u-pyrazine)-

ChETrm-iin-aC-in_(G-K-L.); kaim@iac.unistuttgart.de (W.K.). metal ions are in localized, e.g., RUL)Ru™D+ states.
. Sgi'j‘grs'ﬂgt'ts‘ﬁtggleCh”O'OWBombay' Frequently, such systems exhibit moderate comproportion-
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In Ko = nF(AE)*). Class Il systems typically exhibit
relatively broad and solvent-dependent intervalence chargeYaues Depending on L in Complexes [(L)Reppz)Ru(L)"™
transfer (IVCT) transitions, often in the near-IR region. On
the other hand, completely valence-delocalized Class Il
systems such as RY¥L)Ru™95 show often higherK,

values and typically solvent-independent narrow IVCT
transitions in the NIR region. Mixed-valent species with
narrow IVCT bands as typical for Class Ill systems despite
relatively low K. (<1CP) values have been designated in
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Table 1. Variation in Oxidation Potentialsand Correspondingc

ancillary
ligands (L) E°(ox1)/V E°(0x2)/V  AE/mV Ke ref
(NHg)s? 0.81 1.31 500 3. 10 9a
dpa, CI 0.68 1.06 380 2% 10F 9b
V-trpy 1.36 1.72 360 1.%10° 9c
trpy 1.40 171 310 1% 100 9c
ttrpy 1.40 1.70 300 12106 9od
bpy, CI 0.96 1.25 290 8.% 10* 9e
L2 CI- 0.95 1.23 280 5.6¢100 99
LY CIm 0.92 1.19 270 3.&10* 99
L4, CI- 0.78 1.04 260 26100 99
L3, CI- 0.43 0.69 260 2.6¢100  9g
dpk, CI- 1.04 1.30 260 2.5 10" present
work
pap, CI 1.28 151 230 7.% 100 of

a|n CH3CN unless noted otherwiseln DMF.

recent years as “borderline” or “hybrid Class-lI"; 2<the
opposite, i.e., very higK. values for species with only very
weak IVCT bands, has also been obser&dThis report

will point to the structural and electronic requirements for

such seemingly “deviant” behavior.

Though a large number of pyrazine- or substituted pyra-
zine-bridged diruthenium(ll)/(11l) complexes under the cat-

egories of Class Il or Ill have been studfednly a limited
number of diruthenium complexes [(L)Rufpp2)Ru(L)]"™"

of the bis-tridentate nonplanar bridging ligand 2,3,5,6-
tetrakis(2-pyridyl)pyrazine (tppz) have been reported sb far

(Tables 1 and 2). The mixed-valent HRuU" states of [(L)-
Ru(u-tppz)Ru(L)]" with L = NHjz, %2 dpa® (2,2-dipyridyl-
amine), V-trpy© (4'-vinyl-2,2:6',2"-terpyridine), and ttrp%?

(4'-tolyl-2,2":6',2"-terpyridine) have been defined as delo-
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Table 2. Variation in Potentials Corresponding to the First Two
One-Electron Reductions and Correspondiigvalues Depending on L

in [(URu(u-tppzRu(L)]™* 2

ancillary
ligands (L) E°(redl)/V E°(red2)/V AE/mV Ke ref
LS, CI- —0.84 —1.37 530 9.6x10° 9g
dpa, CI —0.76 —1.27 510 4.4< 10° 9b
L? CI- —0.59 —1.10 510 4.4<108  9g
tirpy —0.35 —0.85 500 2.9x10° 9d
bpy, CI- —0.60 —1.10 500 2.9%10®  9e
V-trpy -0.41 —0.90 490 2.0x 100 9c
L4 CI~ -0.71 —0.19 480 1.4<10° 9g
trpy —0.39 —0.86 470 9.2« 10° 9c
LY CI- —0.63 -1.10 470 9.2<10 99
dpk, CI- —0.62 —-1.01 390 4.1x10°  present
work
pap, CI —0.44 -0.81 370 1.9x106  of

a|n acetonitrile solution.
H
N
X X AR _
0 O
D QO
dpa bpy pap
N N N N
QD QD TR0 OO
0 — s — N — T —
CHjy
2

! L I 4

Q"\\N@

ttrpy

trpy v-trpy

calized Class Ill systems, primarily based on their rather high
K. values & 1) along with narrow and intense IVCT bands.
The complexes with = bpy®® (2,2-bipyridine), paf (2-
phenylazopyridine), and pyridyl/azofésvhich, despite their
moderateK, values (18—10%, exhibit narrow IVCT bands
were associated with a Class-lll borderline situation.

The above observations of the influence of the electronic
nature of ancillary ligands (L) on the mixed-valence char-
acteristics of tppz-bridged diruthenium complexes initiated
the present study of dealing with the complex [(L)Ru(
tppz)Ru(L)]'" where L= 2,2-dipyridylketone= dpk. This
ligand is a goodr acceptor involving potentiallyr-conju-
gated pyridine and spectroscopically valuabke=Q@ func-

2+
c \7/ /,\_|+ cl \ - (/N)\ ;l
SR A e
_C N/\f\/ = “\/\_ N/\C'\l
° D WS )\ «
[1](C1O4) [2)(C1O4)2

precursor complex [(CARU" (u-tppz)RU'(Cl)5] with 2,2'-
dipyridylketone (L) in a molar ratio of 1:2 in the presence
of excess LiCl under a dinitrogen atmosphere, followed by
conversion to the perchlorate salt and by chromatographic
separation using a neutral alumina column. Apparently,
partial dissociation on the column or incomplete conversion
have produced the mononuclear compound.

The microanalytical data ofi](ClO,) and R](ClO,), agree
well with the calculated values, and the diamagnetic com-
plexes [L](ClO,) and R](ClO,), exhibit 1:1 and 1:2 conduc-
tivities in CH;CN, respectively (see the Experimental
Section). The formation ofl](CIO,4) and R](ClO,), has been
authenticated by their electrospray mass spectral data (Figure
1); [1](CIOy4) and R](ClO,), exhibit molecular ion peaks at
709.05 and 1130.75, correspondind f@](ClO4) — ClO4} *
(calculated mass= 709.08) and{[2](ClO4); — ClO4}*
(calculated mass- 1128.96), respectively.

The v(C=O0) stretching frequency of free 2-@ipyridylke-
tone ligand appears at 1683 chin a KBr disk which is
shifted to lower values at 1666 crhon complexation in
[1](ClO,) and to even lower energy at 1630 chon second
metalation in ](ClO,).. The presence of only on€C=0)
band in P](CIOy). in corroboration with a single RuCl
vibration band at 335 cnt signifies a single isomer, most
probably the trans compound, with respect to the position
of two chloride groups. The preferential formation of the
trans geometry has also been reported in the analogous
complexes with L= 2,2-bipyridine¢ 2-phenylazopyridiné,
2,2-dipyridylamine?® and 2-(2-pyridyl)azole® The per-
chlorate vibrations appear at 1090/622 and 1088/626'cm
for [1](ClO,4) and RJ(ClOy),, respectively.

The *H NMR spectrum of {]* in (CD3),SO shows the
partial overlapping expected for 24 signals in the “aromatic”
region (Figure 2a, see the Experimental Section). The
appearance of 32 such severely overlapping signals from
[2]?" (Figure 2b, see the Experimental Section) illustrates

tions; its chelating ability to form not necessarily planar six- eijther a lack of symmetry due to the nonplandfitf tppz,
membered rings is, however, less advantageous for metallas well as dpk ligand®,or the presence of a mixture of two

ligand interaction.

diastereoisomeric forms in solutidh.

The present contribution thus covers the synthesis and Ejectrochemistry, Spectroelectrochemistry (UV-Vis—

characterization of mononuclear [(L)(Cl)Rtppz)]" [1]* and
dinuclear [(L)(C)RU(u-tppz)RU(CI)(L)]?" [2]2" complexes.
The mixed-valence characteristics 8ff" have been inves-
tigated via spectroelectrochemistry and EPR studies.

Results and Discussion

Synthesis and Characterization.The mononuclear [(L)-
(CHRU'(tppz)](CIQy), [1](ClO4), and the dinuclear [(L)(CI)-
RU'(u-tppz)RU (CI)(L)](ClO4)2, [2](ClO4),, have been syn-
thesized via the reaction of ethanolic solutions of the

NIR, IR), and EPR. The quasi-reversible Ri+-Ru' couple

for [1]" in CHCN appears at 0.88 V vs SCE (couple I,
Figure 3a) which is about 100 mV more positive than that
of the corresponding mononuclear derivative having=L
2,2-dipyridylamine® Thus, the Rl state is destabilized
substantially on switching from & 2,2-dipyridylamine to
2,2-dipyridylketone in [L]* due to the effect of the-electron-
withdrawing conjugated €0 group in the framework of
2,2-dipyridylketone as opposed to thedonating amine
group in 2,2-dipyridylamine. Two successive reversible

Inorganic Chemistry, Vol. 45, No. 19, 2006 7957
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100 709.05 [1]* 100 1130.75 {[2]ICI04}*

(a) (b)

% %

0 : : ||!’ hl . 0 — .IlllI IE—
690 700 710 720 1110 1120 1130 1140
miz mi/z
Figure 1. Electrospray mass spectra of (a) [(dpk)(CIYRppz)](CIQy),
'[1]E:Crl|oc4)|\'1and (b) [(dpk)(CHRt(u-tppz)RU(CI)(dpK)I(CIOs)z, [2](CIO4).,
n 3 .

(a)

20 10 00 10  -20
E/V

Figure 3. Cyclic voltammograms-{) and differential pulse voltammo-

s grams ¢ —) of (a) [(dpk)(ChRU (tppz)](CIQy), [1](CIO4), and (b) [(dpk)-
(CHRU"(u-tppz)RU' (CI)(dpk)](CIOs)2, [2](ClO4),, in CHsCN/O.1IM Et-
NCIOs.

effect has only been observed for the analogous complex
with L = 2-phenylazopyridine (pag)comparable behavior
to dpk was found for pyridyl/azole-containing ancillary
ligands (Table 1¥9
In principle, tpp2 and dpKR® can accept two electrons each
in the electrochemically accessible region by populating the
LUMO; thus, reductions by four and six electron equivalents
can be expected for the mononucledt]{) and dinuclear
([2)?*) complex ions, respectively. Four and five successive
one-electron reduction waves are indeed observedlior |
and ]?" within the experimental potential limit of2.0 V
o5 90 85 80 75 70 65 vs SCE (Figure 3, Table 2). Considering the strongc-
S /ppm ceptor characteristics of tppz, the first two reduction steps
Figure 2. 1H NMR spectra of (a) [(dpk)(C)RUtppz)](CIO), [1](CIO), are associated with the tppz ligand, i.e., [tppz][tppz]~
and (b) [(dpk)(CRU(u-tppz)RY (CI)(dpk)](CIO4)2, [2](ClO4)2, in (CDs)s- and [tppz]~ = [tppz>". The subsequent reduction processes
S0. probably involve the dpk ligand(4). The less negative
couples were observed for the dinuclear compB%{(Table ~ Potential of the reduction oP]** as compared tal| * arises
1, Figure 3b). The presence of the second metal io@]ft | from the difference in overall charge2 vs+1. This confers
increases the stability of the Reenter by 160 mV, and the ~ additional stability to ther*(tppz) orbitals in PJ**. The
stability of the ruthenium(lll) state varies, depending on both difference in electronic nature and charge of the ancillary
the charge and on the electronic donor/acceptor nature ofligands is also reflected by the shifts of the reduction
the ancillary ligands L (Table 1). The 260 mV separation in Potentials (Table 2). The potential difference between the
potential AE) between the successive oxidation couples first two tppz-centered reduction waves and the correspond-
translates to a Comproportiona’[ion constankKef= 2.5 x Ing K. values diminish on inCI’eaSing theacceptor character
10* (RTIn K. = nF(AE)'?) at 298 K. Thus, an appreciable ©f the ancillary ligand L, reflecting once more the competi-
decrease in electrochemical coupling has taken place ontion between L and tppZor the metal electron density.
changing the ancillary ligand from the-donor-containing A moderately intense Reto-s*(tppz) MLCT transition
2,2-dipyridylamine to the correspondingacceptor ketone  has been observed fat][' at 569 nm in CHCN in addition
dpk (Table 1). Ther-electron-withdrawing effect of 2,2 to multiple strong intraligand transitions in the UV regibn
dipyridylketone in P]?" in essence reduces the capacity of (see the Experimental Section). The spectral features of the
themr-accepting tppz bridge to mediate electron-transfer-type dinuclear complex Z]"" in different accessible oxidation
valence exchange procesdeA. stronger ancillary ligand  statesii =0, +, 2+, 3+, 4+) have been studied in the UV

96 92 88 84 80 76 72

(b)
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Figure 4. UV—vis—NIR spectroelectrochemistry of the conversions (a)
(27— [23*, (b) [2]3*—[2]**, (c) [2]**— [2]", and (d) P]*—[2] in CHs-
CN/0.1M BwuNPFs.

vis—NIR region using an OTTLE ceftt Spectra are shown

Table 3. UV—vis—NIR Data of2" [n = 0, 1, 2, 3, 4] from
Spectroelectrochemisfy

complex Amax (M) (€ (M~Icm™1))

2 1115 (3300), 783 69, 586 (7400), 408 (16 400),
356 (17 400), 372 2915, 266 (17 000), 244 (17 100)

[2]* 1200, 965(1100), 785 698, 635 (9600), 499
415 (17 600), 357 (19 700), 302 (18 900), 267 (19 600),
241 (17 700)

[2]2* 636 (14 500), 453 388, 359 (21 000), 304 (20 000),
267 (18 900), 242 (17 100)

[23+ 1800 (1500), 613 (9100), 420367 (18 600), 304 (18 800),
267 (17 900), 243 (16 600)

[2]4+ 606 (3300), 514 (7000), 397371 (18 300), 302 (18 200),

268 (17 800), 243 (16 700)

aMeasurements in C#€N/0.1M BwNPF; (OTTLE spectroelectro-
chemistry).? Shoulder.

based MLCT band is replaced by a 'Rbased LMCT
transition at 514 nm (Figure 4Bj.The width at half-height
(Avy) of the IVCT band at about 700 crhis much
narrower than the calculated value of 3584 ¢mbtained

in Figure 4, and the data are listed in Table 3. The complex by using the Hush formulav, = (2310E,p) Y2 12214(Ey, =

ion [2]?* exhibits an intense Reto-7*(tppz) MLCT transi-
tion at 636 nm in CHCN (Figure 4a), bathochromically
shifted in comparison tol]*. On oxidation to the mixed-
valent RURU" state in P]*", the intensity of the Ruto s*-
(tppz) MLCT transition decreases from 14500 to 9100'M
cm ! due to the reduction in number of Rdonor centers.
Moreover, a moderately intense 'Rt~ RuU" intervalence

5556 cn1?, energy of the IVCT band), which is applicable
to localized Class Il mixed-valent RRU" systems. For a
weakly coupled valence-localized Class Il system, the
experimentalAvy, of the IVCT band is expected to match
the calculated value from the Hush approach. However, for
a strongly coupled delocalized (Class Ill) system, the
experimentally derived\v,,, is known to be much smaller

charge transfer (IVCT) band is observed in the near-IR region than the calculated value. Thus, on the basis of the IVCT

at 1800 nm¢ = 1500 M1 cm~1)L9%f9(Figure 4a). On further
one-electron oxidation to the isovalent \RRu" congener
in [2]** the IVCT band disappears completely and thé-Ru

(13) (a) Shirin, Z.; Mukherjee, KPolyhedron1992 11, 2625. (b) Murray,

K. S.; van der Bergen, A. M.; West, B. @ust J. Chem 1978 31,
203. (c) Rodman, G. S.; Nagle, J. Korg. Chim Acta 1985 105
205.

(14) (a) Chakraborty, S.; Laye, R. H.; Paul, R. L.; Gonnade, R. G.; Puranik,
V. G.; Ward, M. D.; Lahiri, G. K.J. Chem Soc, Dalton Trans 2002
1172. (b) Sarkar, B.; Kaim, W.; Klein, A.; Schwederski, B.; Fiedler,
J.; Duboc-Toia, C.; Lahiri, G. Klnorg. Chem.2003 42, 6172.

(15) (a) Lever, A. B. P. InComprehensie Coordination Chemistry
McCleverty, J., Meyer, T. J., Eds.; Elsevier: Amsterdam, 2003; Vol.
2, p 435. (b) Salsman, J. C.; Kubiak, C. P.; ItoJTAm. Chem. Soc.
2005 127, 2382. (c) Cheah, M. H.; Borg, S. J.; Bondin, M. |.; Best,
S. P.Inorg. Chem.2004 43, 5635. (d) Ashley, K.; Pons, SChem.
Rev. 1988 88, 673. (e) Kaim, W.; Bruns, W.; Poppe, J.; Kasack, V.
J. Mol. Struct.1993 292, 221.

(16) (a) Beley, M.; Callin, J.-P.; Louis, R.; Metz, B.; Sauvage, JJ-FAm.
Chem. Soc1991 113 8521. (b) Sutter, J.-P.; Grove, D. M.; Beley,
M.; Collin, J.-P.; Veldman, N.; Spek, A. L.; Sauvage, J.-P.; van Koten,
G. Angew. Chem., Int. Ed. Engl994 33, 1282. (c) Beley, M,
Chodorowski-Kimmes, S.; Collin, J.-P.; Lain®.; Launay, J.-P.;
Sauvage, J.-PAngew. Chem. Int. Ed. Engl994 33, 1775.

(17) (a) Kaim, W.Coord Chem Rev. 1987 76, 187. (b) Remenyi, C.;
Kaupp, M.J. Am. Chem. So@005 127, 11399.

(18) Patra, S.; Sarkar, B.; Mobin, S. M.; Kaim, W.; Lahiri, G. Korg.
Chem 2003 42, 6469.

(19) (a) Scheiring, T.; Kaim, W.; Olabe, J. A.; Parise A. R.; Fiedler, J.
Inorg. Chim Acta200Q 300302 125. (b) Glakle, M.; Kaim, W.;
Klein, A.; Roduner, E.; Hbner, G.; Zalis, S.; van Slageren, J.; Renz,
F.; Gtlich, P.Inorg. Chem 2001, 40, 2256.

(20) (a) Fletcher, N. C.; Robinson, T. C.; Behrendt, A.; Jeffery, J. C;
Reeves, Z. R.; Ward, M. D). Chem. Soc., Dalton Tran$999 2999.

(b) Ghosh, A. K.; Peng, S.-M.; Paul, R. L.; Ward, M. D.; Goswami,
S.J. Chem. So¢Dalton Trans.2001, 336. (c) Auburn, P. R.; Lever,
A. B. P.Inorg. Chem.199Q 29, 2551. (d) Heath, G. A.; Yellowlees
L. J.; Braterman, P. SChem. Phys. Lettl982 92, 646.

(21) Krejcik, M.; Danek, M.; Hartl, FJ. Electroanal Chem 1991, 317,
179.

band, the mixed-valent RRU" state in P]*" can be
considered as delocalized (Class IlI,’RRu?9) despite the
small electrochemical parametég of 2.5 x 10%.

Valence delocalization on the rather short time scale of
vibrational spectroscop¥is further supported by the shift
of the singlevc—o band of the N,N-coordinated dpk ligands
from 1676 cmtin [2]2" to 1690 cntin [2]3" (CH;CN/0.1
M BusNPF); the aryl-based band at about 1595 ¢érshows
no discernible shift (Figure 5). Whereas shifts of metal
carbonyl bands have been widely used to study the charge
and (de)localization situation in mixed-valent comple’gsgs
the example of Z]3" shows that uncoordinated carbonyl
groups of organic ligands such as the chelating ketone dpk
may also be used to monitor apparent valence averaging.
Thesr conjugation of the €O function with the coordinating
pyridyl groups in dpk helps to increase the necessary
sensitivity.

Discrepancies between the small charge-related electro-
chemical interaction parameteg and the significant, orbital
overlap-controlled electronic coupling have been observed
in other tppz-bridged diruthenium systems [(L)(Cl)Ru(
tppz)RYCI)(L)]"".%¢9 The mixed-valent RIRU" state in
those instances was defined as “hybrid ClasdlIl, i.e.,
the rate of intramolecular electron transfer may be on the
order of the relaxation time of the solvefit On the other
hand, the analogue with & dpa is a clear Class Ill case.
Small K, values in conjunction with intense narrow IVCT
bands have been reported previously fot Ru' complexes
with bis-tridentateacceptor bridg€é6other than tpp2;the
opposite response, i.e., weak IVCT features for Ru'
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Figure 6. EPR spectra of electrogenerated (a) [(dpk)(Ch@ttppz)
Ru'(Cl)(dpK)P**, [2]3*, and (b) [(dpk)(CHRU(u-tppz")RU'(CI)(dpK)T*,
[2]*, in CHsCN/0.1M BwNPFs at 4K.

intermediates with very high comproportionation constants
have been observed for systems whik- or tris-bidentate
bridges’ Obviously, the chelate coordination pattern can
determine electronic and electrochemical metaktal in-

1650 1600 1550

IR spectroelectrochemistry of the conversi@?{— [2]3" in CHsCN/0.1 M BuNPFR.

of localization of the unpaired spin, RRU" or R SR,
cannot be specified with confident®.

On one-electron reduction to [(L)(Cl)R@:-tppz~)RU'-
(CH(L)] " ([2]M), the intensity of the MLCT transition at 635
nm decreases as a consequence of the new half-occupied
sw*-acceptor orbital in tppz which was vacant in the tppz
state. Moreover, one new weak low-energy band appears at
965 nm (Figure 4c). That band can be tentatively assigned
as LLCT transition involving the tppz radical anion as
donor and the vacant* level of dpk?° The doubly reduced
species [(L)(CHRU(u-tppZ~)RU'(CI)(L)], [2]°, also shows
a low-energy band at 1115 nm which may then be assigned
as the LLCT transition from tpgz to thez* orbital of dpk
(Figure 4d). The MLCT band of2]° is further blue-shifted
to 586 nm with reduction in intensity. Similar LLCT features
involving reduced tppz have been observed for analogous
complexes with L= dpa, pap, and 2-pyridylazolé%'9 The
free radical-type EPR signal gt = 2.002 and g = 1.994
for [2]* (Figure 6b),[g0= 1.997, confirms ligand-centered
spir? on the tppz bridge?®f9

In summary, the tppz-bridged dinuclear complex [(L)(CI)-
RU'(u-tppz)RU(CI)(L)](ClO4)2, [2](ClO4),, and the corre-
sponding mononuclear derivative [(L)(C)Rtppz)](CIQy),

teraction in quite disparate ways, rendering simple correla- [1](ClOJ), incorporating 2,2dipyridylketone as ancillary

tions and criteria for the assignment of the Robin and Day
“Classes” as less useful.

The in-situ-generated one-electron oxidized spedgs |
displays a rhombic EPR spectrumth 4K in CH;CN with
well-separated components: ¢; = 2.470,g, = 2.195, and
gs =1.873, Figure 6a). Thg anisotropyg; — g3 = Ag =
0.597 is lower than that of the CreutZaube ion Ag =
1.453) despite the built-in nonplanarity of the tppz bridging
ligand in [2]3". The averagey factor of [g0= 2.193 as
derived from[gl= [1/3(g:®> + g2 + g:9)]*? confirms the
metal-centered spin corresponding to thé RS formula-
tion.r” The Ag and(gCvalues for the dpa derivative are 1.693
and 2.53, respectiveRy, reflecting a higher degree of
participation of the heavy metal with its high spiorbit

ligands (L) have been synthesized. The present work
highlights the following salient features: (i) The change from
L = 2,2-dipyridylamine to stronger-accepting L= 2,2-
dipyridylketone destabilizes the Ristate in [L]>" and 2]3"
substantially. (i) The coordination of the second metal
complex fragment to tppz in2[?" stabilizes thetr* (tppz)
orbital with respect to mononucleat]f. (iii) Characteristic
Ru" or free radical-type EPR spectra of one-electron
oxidized ]** or reduced 2]*, respectively, are evidence
that the unpaired spin is preferentially localized on the metal
in the former and on tppz in the latter. (iv) Both compro-
portionation constant&¢(+) andK(3+) for the [(L)Rufu-
tppz)Ru(L)] core decrease on introduction of dpk, reflecting
the competition of these ancillary ligands with the tppz

coupling constant at the spin distribution. Thus, on changing bridge forz-electron density from the metal. Tlkg for the

L from dpa to dpk in [(L)(C)RU(u-tppz)RY' (CI)(L)]3*, the
contribution from the metal ion at the singly occupied MO
decreases and that of the ancillary ligands incre&sés.

first two metal-centered oxidation processes of tppz-bridged
complexes decrease systematically with the increasing

However, in the absence of hyperfine information, the extent (22) Kaim, W.; Ernst, S.; Kasack, \0. Am Chem Soc.199Q 112, 173.
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acidity of the ancillary ligands (L). (v) The narrow Ru~ Synthesis of [(L)CIRU' (tppz)](ClO4), [1](ClO4), and [{(L)-
RuU'" IVCT band in the intermediate2[** implies Class IlI CIRu"}5(u-tppz)](ClO )2, [2](CIO.4)2. The precursor complex [63l
behavior (valence averaging) despite the relatively siall ~ RU" (u-tppz)Ru' Clg] (100 mg, 0.124 mmol) and the free ligand L
value. (vi) Support for this interpretation comes from IR = dpk (50.45 mg, 0.274 mmol) were dissolved in ethanol (15 mL)
spectroelectrochemistry: Just like directly metal-bonded and refluxed fo 5 h under dinitrogen atmosphere in the presence
COsbeethe G=0 function of organic carbonyl compounds of excess LiCl (54 mg, 1.3 mmol). The initial light-green solution

as ancillary ligands can reflect the molecular symmetry and gradually changed to greenish-blue. A saturated aqueous solution
thus permit an estimate of the valence situation at the of NaClO, was then added to the concentrated acetonitrile solution

vibrational time scale of the product. The solid precipitate thus obtained was filtered and
’ washed thoroughly by cold ethanol followed by ice-cold water. The
Experimental Section dried product was then purified by using a neutral alumipa column.
The violet mononuclear complext][CIO,) and greenish-blue
The precursor complex [eRU" (u-tppz)RU!Clg] was prepared  dinuclear complexd](CIO.), were eluted by 5:1 CHCI/CH,CN
following the reported procedufe. 2,2-Dipyridylketone was and 5:2 CHCI,/CH;CN mixtures, respectively. Evaporation of
purchased from Aldrich. Other chemicals and solvents were reagentsqvent under reduced pressure yielded pure comple}esiQ.)
grade and used as received. For spectroscopic and electrochemical 4 PI(CIO.),, respectively. TJ(CIO,): Yield: 10 mg (10%). Anal.

studies, HPLC grade solvents were used. _ _Caled (Found) for GHClNsOsRu: C, 51.98(51.44); H, 2.99-
Solution electrical conductivity was checked using a Systronic (2.88): N, 13.86(13.62). Molar conductivit\y (@~ cm? M%)

conductivity bridge 305. Infrared spectra were taken on a Nicolet ;. - <ionitrile at 298 K- 116lmadnm (/M1 cm2) in CHsCN at

spectrophotometer with samples prepared as KBr peetSIMR — 5qq - 674 (711, shoulder), 569 (5339), 453 (1747, shoulder), 343
spectra were recorded for (GBSO solutions using a 300 MHz (21927), 284 (19702), 255 (17366, Should@ANMR [(CD3);SO

Varian FT spectrometer. UWis—NIR and IR spectroelectro-
. : . O0(J/Hz)]: 9.76(d, 5.4); 8.72(d, 4.8); 8.54(m); 8.32(d, 7.8); 8.22-
chemical studies were performed in EN/0.1 M BuNPF; at 298 (m): 8.13(d, 5.1): 7.99(d, 9.0): 7.92(t, 7.9, 7.5): 7.82(t, 8.7, 8.4);

g ptst gt e e s OTTE e (80 S a3y 5 5
P P PECUOPNO- 2 1 4(d, 5.4). 21(CIO.),: Yield: 46 mg (30%). Anal. Calcd (Found)

tometer and a Perkin-Elmer 1760X FTIR instrument, respectiiely. ) ] )
Cyclic voltammetric and coulometric measurements were carried for CagHa:ClaN1gO10R U G, 44'95(44;71)’ H, 2;63(,2'55)’ N, 11.40-
(11.17). Molar conductivity: Ay (21 cn? M~1) in acetonitrile

out using a PAR model 273A electrochemistry system. A platinum

wire working electrode, a platinum wire auxiliary electrode, and a 2t 298 K: 235.H NMR [(CD3),SO, 0(J/Hz): 9.79(d, 5.7); 9.71-
saturated calomel reference electrode (SCE) were used in a standarff: 6-0); 8.68(d, 4.8); 8.61(m); 8.21(m); 8.03(m); 7.87(t, 7.5, 6.0);
three-electrode configuration. Tetraethylammonium perchiorate /-80( 6.3, 6.9); 7.64(t, 4.5, 7.5); 7.31(t, 7.2, 7.8); 7.12(t, 7.5, 7.5);
(TEAP) was the supporting electrolyte, and the solution concentra- 6.89(d, 6.0); 6.57(d, 5.4).

tion was ca. 10° M; the scan rate used was 50 mWAsA platinum Ack led t Fi ial ¢ ived f th
gauze working electrode was used in the coulometric experiments. cknowledgment. Financial support received from the
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counter:? The elemental analyses were carried out with a Perkin- Sophisticated Analytical Instrument Facility (SAIF), Indian

Elmer 240C elemental analyzer. Electrospray mass spectra werepstityte of Technology, Bombay, for providing the NMR
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CAUTION: Perchlorate salts of metal complexes are generally
explosive. Care should be taken while handling such complexes! IC060887L
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