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A series of dinuclear complexes of ruthenium(ll) have been synthesized in wkazlodiimineq such as azobis-
(2-pyridine), apy, and azobis(4-methyl-2-pyridine), ma@gct as the bridge and 2;Bipyridine (bpy) or 4,4
dimethyl-2,2-bipyridine (Mebpy) as the terminal ligands. The diastereoisomeric forms of each sgeties
(meso)and AA/AA (rac)} have been separated by cation-exchange chromatography and characterized by
NMR spectroscopy. Electronic spectral and electrochemical studies show there to be differences in inter-metal
communication between the diastereoisomeric forms in each case. Comparison of the spectroelectrochemical
behavior of the range of complexes has allowed unequivocal assignment of the site of the successive reduction
processes observed in dinuclear complexes of this type.

Introduction C
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The stereoisomeric complexity of ligand-bridged polymetallic D l
molecular assemblies based on tris(bidentate)metal centers has /
only recently been addresskd®. The number of isomers in I N

such species increases exponentially with nuclearity, and the \ ",,,, | \“Ni N
consequences of this sterecisomerism may well prove significant i N, u\‘ N, | "\\\\N
in terms of intramolecular electron and energy transfer processes. | N= /

In the simplest case of a dinuclear specigRU(pp)} 2(u- N N E/ 'Q“]
L)]*" (where L is a symmetrical bridging ligand and pp is a S
bidentate terminal ligand), an examination of the two diastere- /
oisomeric forms (Figure 1) shows a significant difference in A
the relative orientations of the terminal ligands “above” and c
“below” the plane of the bridging ligand. In the simplest case,
where the bridging ligand is 2:bipyrimidinel48 or azobis-
(2-pyridine) as in the present study, the “above plane” ligands
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Figure 1. Diastereoisomeric formsr(esoandrac) of [{ Ru(bpy}} >
azobis(4- methyl -2-pyridine) oy 4.4- dlmemy, 2,2 bipyridine (u-apy)ft and ring-numbering scheme used for NMR discussion.
Me,bpy

relative orientation of the metal centers, and influences through-
In addition to such stereochemical considerations, the bridging space electronic coupling and the degree of through-bond
ligand affects the degree of metahetal interaction in di- and  communication (via liganemetal orbital overlap}):2
oligonuclear complexes, as it determines the distance and Ligands possessing the azo functionality have extremely low-
lying z* orbitals and are stronglyt-accepting.~1> Moreover,
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dinuclear complexes in which ligands such as azobis(2-pyridine) Ligand Syntheses. Azobis(2-pyriding) apy, was prepared by
function as the bridge have comproportionation constafgs (  modification of literature method®2* The crude product was purified
in excess of 1®for the diruthenium case and hence exhibit a DY vacuum chromatography on silica gélising dichloromethane as
very high degree of metaimetal interactior:%13.16.17 Bridging eluent. Unreacted starting material eluted first, followed by the highly

ligands of this type also are found to enhance the structural colored major product band. Red needles were Sbtanngd gfter recrys-
differences between the diastereoisomers of such dinucIear;al(lgz;,%h,\fﬂr;:msaég(gglig ?"tth Zrégfgfgg';’.sf’fﬁ,\,lg)'(gg g'Ni'séz
species. 8.74 (5, d), 8.00 (M4, dd), 7.80 (H3, d), 7.64 (H*?, dd). The
Despite the intense interest in dimetallic polypyridyl com- H-NMR spectrum in CDGlwas consistent with a literature repét.
plexes, studies of their properties have been based almost Azobis(4-methyl-2-pyridine), mapy. A rapidly stirred solution of
exclusively on nonseparated isomeric mixtures so that reportedsodium hypochlorite (500 cin12.5% w/v) was chilled in an acetone/
data may be thought of as an average of the contributions of dry ice slush bath until solids began to precipitate. To this was added
each form. The high degree of metahetal interaction within ~ (all at once) a solution of 2-amino-4-methylpyridifé2.1 g in 1:1
a-azodiimine-bridged dinuclear complexes, coupled with struc- CHCN/H:0 (120 cnd)}. Stirring and cooling were continued for 4
tural dissimilarities between the diastereoisomeric pairs, prompted™n: after which the resulting orange solution was extracted rapidly
an examination of the spectral and electrochemical behavior ofWIth diethy! ether (4x 100 cmf). Between each extraction, the

. L . . remaining aqueous layer was rechilled, since the continuing reaction
the different forms. By subtle variation of the bridge via of unreacted starting material with hypochlorite ion is exothermic. The

incorporation of ring substituents (e.g. methyl groups) the 4 ganic layers were combined and dried over anhydrou$®aand
electronic character of the resulting complexes may be probed.the solvent was removed to give an orange solid. The crude product
The photophysical and electrochemical effects of variations in was purified as for apy. An orange crystalline product was obtained
the terminal (nonbridging) ligands upon the bridge also warrant after two recrystallizations from petroleum ether (60 chp 60-80
examinatiof® and may be probed in a similar manner. °C). Yield 3.44 g (29%). Mp: 143:5145°C (lit.*® 149-151°C). 'H-

In the present work, we describe the synthesis of a series ofNC'\:LR (CD%): Ié %6|2 éHis d)'H7'8N2.(%3’ 3972'_7 (?;Od?j %‘éi
mono- and dinuclear complexes containingzodiimine ligands (CHs, ,S)' nal. Laica_ for @HiNe: C, 67.9; H, 5.70; N, 26.4.
. . . - Found: C, 67.3; H, 5.67; N, 26.2.
such as azobis(2-pyridine) and azobis(4-methyl-2-pyridine)

. . [Ru(pp)2L]?* (I). Mononuclear complexes were prepared from the
{abbreviated apy and mapy, respectijelgnd assess the appropriate [Ru(ppLl;] precursot* and an excess of the bridging

?nfluenc_e of the_ bri_d_ge on mgtrafnetal and als_o metaligan_d a-azodiimine?® In a typical reaction, [Ru(Mg@py)Cl;] (500 mg; 0.925
interactions. Significantly, differences in various properties of mol) and apy (511 mg; 2.77 mmol) were refluxed in 50% aqueous

the separated diastereoisomers ocghzodiimine-bridged di-  methanol (50 ci) for 1h under N. The solvent was removed, and
nuclear ruthenium(ll) complexes are observed. the solids were redissolved in methanol (53ror purification via

gel permeation chromatography using a column of Sephadex LH-20
Experimental Section as support and methanol as eluent. The major claret-red product band

eluted first, followed by a red-orange band of apy. The product band
Physical Measurements. Electronic spectra were recorded using was evaporated to dryness, the residue redissolved in water, the solution

a Cary 5E UV~vis—near-IR spectrophotometer. NMR spectra were filtered to remove any remaining solids, and the filtrate diluted to a
recorded on a Bruker Aspect AM3000 spectrometer. Electrochemical total volume of 150 cfh Saturated aqueous KpPBolution (8 cn)
measurements were made in a Vacuum Atmospheres drybox (Ar) usingwas added dropwise to the stirred solution, and the precipitated
a Bioanalytical Systems (BAS) 100A electrochemical analyzer. Cyclic hexafluorophosphate salt was collected via vacuum filtration, washed
and differential pulse voltammetries were carried out in a three-electrode with diethyl ether, and air-dried. Recrystallization was achieved from
cell using a platinum microdisk working electrode, with a platinum acetone/diethyl ether. [Ru(apy)(bpMPFs).:CsHeO: yield 210 mg
counter electrode. All potentials are quoted relative to an Ag/AgNO  (51%). Anal. Calcd for RugH3NsOPF12: C, 41.9; H, 3.20; N, 11.9.
reference electrode (0.01 M in GEN), which is 0.095 V cathodic of Found: C, 41.5; H, 2.87; N, 12.0:H-NMR (CDsCN): ¢ 8.58, 8.54,
the ferrocene/ferrocenium couple as an internal standard. Elemental8.40, 8.26 (Hqpy, d), 8.19, 8.12, 8.15, 7.94 k), dd), 7.52, 7.48, 7.47,
analyses were performed within the School of Molecular Sciences, 7.25 (Hopy, dd), 7.48, 8.03, 7.26, 7.52 Bk, d), 8.85, 7.52 (Fyy, d),
JCUNQ. The successive oxidized and reduced forms of the dinuclear8.24, 7.87 (Mapy, dd), 7.67, 7.35 (Fhpy, dd), 7.88, 7.89 (R, d).
species were selectively generated and charactariz by electronic [Ru(apy)(Mebpy)](PFs)2: yield 525 mg (60%). Anal. Calcd for
absorption spectroscopy using a cryostatic optically transparent thin- RuGHsNgPoF12: C, 43.3; H, 3.42; N, 11.9. Found: C, 43.8; H, 3.27;
layer electrochemical (OTTLE) c&llin conjuction with a Perkin-Elmer N, 11.7. *H-NMR (CDsCN): 6 8.43, 8.35, 8.24, 8.09 (deypy: S),

Lambda 9 U\-vis—near-IR spectrophotometer. 2.57, 2.52, 2.54, 2.44 (G¥eppy: S), 7.37, 7.28, 7.27, 7.05 fhbopy,
Materials. 2-Aminopyridine, sodium toluene-4-sulfonate, sodium d), 7.28, 7.78, 7.05, 7.28 (iestpy, d), 8.79, 7.51 (B, d), 8.20, 7.85
ditoluoyl-(+)-tartrate, 2,2bipyridine, 4,4-dimethyl-2,2-bipyridine (all (H*apy, dd), 7.65, 7.33 (Plpy, dd), 7.86, 7.92 (P, d). [Ru(mapy)-

Adrich), 2-amino-4-methylpyridine (Fluka), RuE3H;0 (Strem), and  (0PY)2l(PFe)2"0.5GHO: yield 388 mg (91%). Anal. Calcd for
commercial grade NaOCI (12.5% wiv, Swimfree pool chlorine) were RUGsssHziNeOosPoF1z: C, 42.3; H, 3.28; N, 11.8. Found: C, 42.9;
used as supplied. The electrolyte tetegutylammonium perchlorate ~ H. 3.06; N, 12.0.*"H-NMR (CD:CN): 6 8.57, 8.51, 8.40, 8.24 (i},
{[(n-C4Hg)aN]CIO4; purum, Fluka) was recrystallized from ethyl acetate/ d), 8.18, 8.11, 8.16, 7.92 (&}, dd), 7.57, 7.57, 7.47, 7.22 {hj,, dd),
hexane and dried at 6@ under vacuum. Spectral grade acetonitrile  7-48, 8.06, 7.27, 7.50 (i, d), 8.68, 7.31 (Fiapy d), 2.86, 2.33
(Sigma) was used for all spectroscopic and electrochemical measure{CHamapy S), 7.49, 7.15 (Phapy dd), 7.69, 7.74 (Fhapy d). [Ru(mapy)-

ments. All other reagent grade solvents were used without further (Me20pyk](PFe):  yield 350 mg (78%). Anal. Calcd for
purification. RuGsgH3eNgPoF12: C, 44.5; H, 3.73; N, 11.5. Found: C, 45.1; H, 3.58;

N, 11.2. *H-NMR (CDCN): ¢ 8.42, 8.35, 8.24, 8.09 (deypys S),
2.57, 2.52, 2.54, 2.43 (Glilesopys S), 7.36, 7.27, 7.26, 7.03 Brtkyopy,
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d), 7.26, 7.83, 7.05, 7.26 (e,opy, d), 8.65, 7.36 (Fhnapy d), 2.67, 2.32 exchange chromatographyBy use of this chromatographic
(CHamapy ), 7.49, 7.13 (Phapy dd), 7.67, 7.76 (Fhapy d). technique, the diastereoisomers of all five dinuclear compounds

[{Ru(pp)2}2(u-L)]** (I11).  Typically, 1 mol equiv of [Ru(ppiClz] were separated within a 20 cm column length, considerably less
and 1.5 mol equiv of [Ru(pp)]*" were dissolved in a 50% aqueous  than the column length required for the separation of compounds
methanol solution unde_rjxl The mixture was refluxe_d for at least 5 in which 2,2-bipyrimidine (bpm) and 2,3-bis(2-pyridyl)pyrazine
days. AgNQ (2 mol equiv) and [Ru(ppEl;] (1 mol equiv) were added (dpp) were the bridging ligands.

to the solution each day. The mixture was filtered (Celite) and the . . . . .

filtrate concentrated on a rotary evaporator. Purification was achieved The relative easg of separatlon.may be ratlonallzgd In terms
by cation-exchange chromatography (SP-Sephadex C-25; eluent 0.50f the stereochemistry. As described above, the diastereoiso-
M NaCl). Separation of the diasterecisomers and resolution afite mers differ in terms of the relative orientation of the terminal
forms were achieved by cation-exhange chromatography on the samdigandst#627 In the case where the bridging ligand is an
support using 0.25 M sodium toluene-4-sulfonate and 0.25 M sodium a-azodiimine (rather than bpm or dpp), the differences are even
ditoluoyl-(+)-tartrate solutions as eluents, respectivélyThe product more pronounced, as the offset position of the metal centers
was precipitated as the PFsalt by addition of a saturated solution of p|aces the “above plane” |igands almost Cop|anar in AlAe

KPFs to the green eluent. The green solid was collected and washed A A (rac) isomer (Figure S1, Supporting Information).

with a dilute KPF solution. [Ru(bpy}}.(«-apy)l(PF)s: yield 52%. . . : . .
{(RUMeDDT -2y PR yield 41%. [Ruboyi-Gemayl 60 EHR PRS0 SRR e T
(PFRs)a: yield 40%, isomer rationeso:rac= 3.8:1. [ Ru(Mebpy)} -

(u-mapy)|(PR) yield 90%. [(bpy)Ru(u-mapy)Ru(Mebpy)](PFe)s: th_e column. The f|r_st ba_nd was dark green and the second band
yield 79%, isomer rationeso:rac= 1.67:1. olive green for all five dinuclear compounds.

Microanalytical data are provided for the two diastereiosomeric forms ~ Most of the dinuclear compounds investigated were found
of one dinuclear species| Ru(Mebpy)}2)(u-apy)](PR)s, by way of to have only a slight diastereoisomeric excess favoringraso
an example. Anal. Calcd fanesoH{ Ru(Mebpy)}2)(u-apy)](PR)a, form, which was eluted first. However, for the compléR[-
RWCseHsgN12PsF24 C, 40.9; H, 3.31; N, 9.8. Found: C,41.3;H,3.08; (bpy)}.(u-mapy)lt the isomer ratio (assessed By-NMR
N, 9.4. Anal. Calcd forac{{Ru(Mebpy)}2)(u-apy)l(PFe)s-2H;0, integration) was 3.8:1. A preference for theesodiastereoi-

RuCseHeoN120:PsF20: C, 40.0; H, 3.48; N, 9.6. Found: C, 39.8;H, gomer would be predicted on stereochemical grounds, as

311 N, 9.2. In general, characterization of dinuclear species was o 5 mination of models reveals possible inter-ligand interactions
achieved usingH-NMR and electrochemical techniques (see Results in the rac form

and Discussion), as microanalyses are not particularly discriminating

for larger molecules. Previous studies ofi-azodiimine-bridged dinuclear com-
pounds suggested that only one diastereoisomer is obs€rved.
Results and Discussion The current work clearly shows the presence of both isomers.

L ) In the previous studies, the reactions were performed at higher
Syntheses. The a-azodiimine ligands apy and mapy were  emperatures and it is possible that under such conditions one
obtained by oxidation of 2-aminopyridine and 2-amin0-4- isomer may dominate. Additionally, the purification techniques
methylpyridine, respectively, in sodium hypochlorite solution. seq previously may have excluded one isomer due to the
Thetransisomer is thermodynamically preferrét£Sand after differences in solubilities of the diastereoisomeric forms.

purification there was no evidence froth-NMR studies of Resolution of rac (AA/AA)-[{ Ru(Mezbpy)} 2(u-apy)]**.
any of thecis form being present. The four “symmetrical” dinuclear compounds prepared in this
The reaction between [Ru(pi®l2] (pp = bpy or Mebpy) study (i.e. those with the same terminal ligands on both metal
and excess L (L= apy or mapy) proceeds at reflux in 50%  centers) have two diasterecisomers, caemic(consisting of
aqueous methanol. Mononuclear complexes of the form [Ru- the AA/AA enantiomeric pairs) and the othem@sa(AA) form.
(pp)L]2" were isolated as hexafluorophosphate salts and Wereconsequently, the resolution of one of the diastereoisomers
used as precursors in the synthesis of dinuclear species. would unequivocally establish its identity asc. We have
The dinuclear complexes were generally prepared by the developed chromatographic methods for separation of enanti-
reaction of excess [Ru(pglz] with [Ru(pplL]?* in aqueous  omers by ion-exchange chromatography, using chiral eld@hts.
methanol in the presence of Ag The attachment of the second  Resolution of the species corresponding to band 1 and band 2
metal center to the bridging ligand (to give [(pRM(u-L)Ru- of [{ Ru(Mesbpy)} o(u-apy)F from the separation of the dias-
(ppX]**) is not a facile step, and the typical synthesis required tereoisomers was attempted by cation-exchange chromatography
days of refluxing and periodic additions of both excess [Ru- ysing an aqueous solution of sodium toluoyi}tartrate as the
(PPXClz] and AgNGs. The large activation barrier to the  e|yent. Band 2 was found to separate into two barthe
formation of apy-bridged dimers from monomeric precursors jsplated cations of which had equal and opposite ORD
has previously been attributed to steric interactions between thecyryes-allowing the assignment of band 2 as the form. The
6- and 6-protons of the bridge and the coordinating nitrogen 14.NMR studies described below are consistent with this
atoms of adjacent ligands’ The azobis(2-pyridine) bridging  assertion.
ligands are exceptions to the “charge transfer assisted poly- 1H.NMR Studies. The !H-NMR data for the mononuclear
nucleation” phenomenon, in which dimer formation is facili-  and dinuclear compounds are listed in Table 1. The notation
tated?*"-2% All attempts to prepare the dinuclear complexes ysed for the pyridine rings in the terminal ligands of the two
directly from the bridging ligand and a stoichiometric excess gjastereoisomeric forms is shown in Figure 1.
of [Ru(pp)Cl,] gave diminished yields compared with the two- In each case, the3o H® protons of each pyridyl ring show
step route. Previous work partially addressed these syntheticihe normal coupling patter?&2° and assignments were made
difficulties by the use of higher boiling solvents (1-butanol) and o, the basis of COSY spectra (an example is given in Figure 2
extended reaction timés.
Separation of Diastereoisomeric Pairs.We have previously  (27) Hage, R.; Dijkhuis, A. H. J.; Haasnoot, J. G.; Prins, R.; Reedjik, J.:
shown that the diastereoisomeric pairs of ligand-bridged di- Buchanan, B. E.; Vos, J. Gnorg. Chem.1988 27, 2185.

; ian. (28) Reitsma, D. A.; Keene, F. R. Manuscript in preparation.
nuclear polypyridyl compounds may be separated by cation (29) Bolger, J. A.; Ferguson, G.; James, J. P.; Long, C.; McArdle, P.; Vos,
J. G.J. Chem. Soc., Dalton Tran$993 1577.
(26) Kohlmann, S.; Ernst, S.; Kaim, \Wngew. Chem., Int. Ed. Endl985 (30) Orellana, G.; Ibarra, C. A.; Santoro, lhorg. Chem.1988 27,
24, 684. 1025.
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Table 1. 300 MHz'H-NMR Data for the Dinuclear Complexes Used in This Study {PBalts; CRCN Solvent)

[Ru(bpy)(u-mapy)-

[{Ru(bpy)} - [{Ru(bpy}} - [{ Ru(Mexbpy)s} o- [{Ru(Mexbpy)s} >~ Ru(Mebpy)]*" ©
(u-apy)f* (u-mapy)F* (u-apy)f* (u-mapy)F* bpy Mebpy
AA Diastereoisomers
ring A H3 8.57 8.50 8.38 8.35 8.51 8.36
H4b 8.28 8.22 2.58 2.58 8.23 2.59
HS 7.72 7.69 7.46 7.47 7.69 7.46
He 7.21 7.16 7.03 6.99 7.20 6.94
ring B H3 8.59 8.55 8.40 8.41 8.55 8.42
H4b 8.27 8.22 2.58 2.58 8.22 2.59
HS 7.63 7.62 7.39 7.42 7.61 7.43
He 7.83 7.83 7.50 7.57 7.83 7.57
ring C He 8.64 8.60 8.42 8.43 8.60 8.45
H4b 8.28 8.22 2.58 2.58 8.20 2.59
Hs 7.57 7.51 7.36 7.34 7.50 7.35
He 7.49 7.47 7.24 7.27 7.50 7.26
ring D He 8.57 8.53 8.36 8.37 8.54 8.38
H4b 8.16 8.11 251 2.52 8.12 251
HS 7.24 7.21 6.97 6.99 7.18 7.01
He 7.24 7.16 6.92 6.93 7.18 6.90
azodiimine H 8.06 7.74 8.00 7.71 7.72,7.72
H4b 7.77 2.06 7.70 2.06 2.06, 2.06
HS 7.66 7.44 7.60 7.43 7.43,7.43
He 7.88 7.62 7.80 7.61 7.61,7.61
AA/AA Diastereoisomers
ring E He 8.45 8.42 8.28 8.29 8.42 8.26
H4b 8.12 8.09 2.56 2.58 8.07 2.58
HS 6.90 6.86 6.65 6.68 6.87 6.65
He 6.38 6.33 6.22 6.11 6.39 6.06
ring F He 8.50 8.48 8.31 8.34 8.48 8.32
H4b 8.21 8.18 2.56 2.57 8.18 2.56
HS 7.63 7.60 7.40 7.42 7.60 7.43
He 7.84 7.86 7.56 7.62 7.88 7.62
ring G He 8.76 8.69 8.54 8.52 8.68 8.54
H4b 8.30 8.22 2.59 2.58 8.22 2.58
HS 7.42 7.39 7.18 7.20 7.40 7.20
He 7.68 7.63 7.38 7.38 7.62 7.38
ring H H3 8.76 8.69 8.54 8.52 8.68 8.54
H4b 8.28 8.23 2.59 2.58 8.21 2.58
Hs 7.48 7.41 7.27 7.26 7.40 7.27
He 7.10 7.09 6.84 6.88 7.08 6.86
azodiimine H 8.36 8.05 8.29 8.02 8.05, 8.03
H4b 7.89 2.18 7.80 2.15 2.18,2.18
HS 7.68 7.46 7.61 7.42 7.45,7.43
He 7.89 7.63 7.81 7.59 7.62,7.62

aFor ring designation, see Figure 3.3 I3 a doublet (d) and a singlet (s) when the terminal ligand is bpy angbe respectively; His dd
(bpy) or s (i.e. CH, Mezbpy); H is dd (bpy) or d (Mebpy); H is d in both cases. Coupling constants (HZ).4 = 8, Jy5s = 8, Js_¢ = 5,
Js-s = 1.2, Ji—s = 1.2.PFor the methyl-substituted pyridyl rings the methyl instead of tHecHemical shift is indicatect AA and AA
enantiomers.

for the specieA A/AA-[(MezbpypRu-mapy)Ru(bpyj]*") and centers have the same terminal ligands,rdeemicform (AA/
selective'H-decoupling experiments. In the case where methyl- AA) has C, and themesoform (AA) has C; point group
substituted pyridyl rings were present (Bdey and mapy), the  symmetry-accordingly both species show five pyridyl environ-
chemical shift of the methyl singlet is provided in Table 1 in ments. On the other hand, both diastereoisomers of the “mixed”
place of the M signal. The connectivity between the two pyridyl  [(bpy).Ru-mapy)Ru(Mebpy)]** species have 10 pyridyl
rings of each ligand was established by NOE experiments. The environments.

H3 protons show an NOE to the adjacent proton on the The most notable aspect of tHe-NMR spectroscopic studies
connected pyridyl ring of the same ligand. For example, in is the difference in the spectra between the diastereoisomeric
the complexrac-[{ Ru(Mebpy)} 2(u-mapy)I the H proton pairs of each dinuclear species. As an example, the spectra for

of ring A shows an NOE to Fon ring B and H on ring C the complex {Ru(Mebpy)} 2(u-mapy)I are given in Figure
shows an NOE to Mon ring D (Figure S2, Supporting 3. The mesoisomer of all five dimers have similar spectra
Information). Connectivity was established for tineso(AA) (allowing for the 0.2-0.3 ppm upfield shift of protons adjacent
dimers in an analogous manner. to a methyl group and the different coupling pattern of the
For the mononuclear compounds, there are six distinguishablemethyl-substituted pyridyls). Likewise, the spectra of the
pyridyl rings. The coordinated apy (or mapy) ligand is isomers are also similar. Itis apparent that the ligand geometry
unsymmetrical, and hence there are four bpy (or.ig) has a greater effect on chemical shift than methyl substitution.
pyridyl environments and two apy (or mapy) pyridyl environ- In the dinuclear species, the assignment of the resonances
ments. In the dinuclear complexes in which the two metal associated with individual terminal ligands is based on the
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Figure 2. COSYH-NMR spectrum foAA/AA-[(bpy).Ru(u-mapy)-
Ru(Mebpy)]** (300 MHz in CD,CN).
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Figure 3. 300 MHz H-NMR spectra (CBCN) of diastereoisomers
of [{Ru(Mebpy)} (u-mapy)l™: (a) meso(AA); (b) rac (AA/AA).

differential ring current effect of the two ligands above (or

Kelso et al.

10*¢/ mol'dm=cm

Figure 4. UV-visible absorption spectra (GBN solution) of
[{ Ru(bpy}} 2(u-apy)](PFe)s: meso(—); rac (- - -).

discussed above, leads to the complete assignment of all the
protons in these dinuclear complexes.

The 'H-NMR analysis is consistent with the designation of
the band 1 eluant as thmesoisomer.

Electronic Spectroscopy. The absorption spectra of the
complexes show intense bands in the UV region, with bands in
the visible region (assigned as arising from MLCT transitions)
atca. 510 nm for the mononuclear species and¢at380 and
770 nm for the dinuclear compounds. As an example, the
absorption spectra of the two diastereocisomerg RU[bpy)} -
(u-apy)ft are presented in Figure 4, and in the inset the
expansion of the absorption arising from the lowest energy d(Ru)
— a*(u-apy) transition reveals a difference in MLCT energy
between the two forms: i.e. there is a red shift~of nm for
the rac compared with themesoform. The stereochemistry
also affects the d(Ru)> 7#*(bpy) transition; the shoulder at 400
nm for themesoisomers is enhanced for tmac isomers. For
the complex {Ru(bpy}} 2(u-apy)lt the Amaxis at 393 nm with
the shoulder at 375 nm (see inset, Figure 4). We are not aware
of other reports of a significant difference in such physical
properties of ligand-bridged diastereoisomers. There have been
numerous assertions that stereochemistry will have little influ-

below) the plane of the bridge between the two diastereoisomersence on physical properties in circumstances where mixtures

(refer to Figure 1). There are four environments for the H
protons of the terminal ligands, two over the bridge and two
directed away from it. The #Hprotons over the bridge will

of isomers were investigatéd! It is apparent now that the
stereochemistry does influence the electronic transitions and the
inter-metal communication.

show the greatest change in chemical shift between the two The difference in spectral characteristics of the diastereoi-

isomers. In one environment the idrotons (of rings A and

E) are positioned over the apy (or mapy) pyridyl rings and in
the other “over bridge” environment the®ildrotons (of rings C
and G) are over the azo moiety. For the compleRy(Me-
bpy)} 2(u-apy)l the H proton of ring E is 0.9 ppm upfield of
the H proton of ring A and the Eiproton of ring G is 0.14
ppm downfield of the same proton in ring C. Examination of
models reveals that the®Hbroton on ring E lies directly over
the pyridyl ring of the ligand positioned across the bridge (the
other ring E; see Figure 1) and is in a considerably shielded
environment compared to theSkproton on ring A, which is
directly in the plane of the pyridyl ring (ring C) across the
bridge. The H protons of rings C and G are not directly over,

someric forms of these complexes might also be rationalized
in terms of variations in solvation. Although the data are

reported in acetonitrile solution, similar trends are observed in
a number of solvents, which gives less credence to this
alternative explanation. In any case, the differences still
originate from stereochemical factors.

As well as the stereochemical influences on the electronic
transitions, there are substituent effects. The shoulder at 400
nm discussed above is enhanced for dinuclear complexes with
bpy compared to complexes containingJeigy terminal ligands.
Similarly, the shoulder at 830 nm is not present for complexes
with the Mebpy terminal ligands. The dimers with the mapy
bridge exhibit an additional shoulder at 420 nm.

or in the plane of, the ligand across the bridge and experience The addition of methyl substituents to terminal polypyridyl

less anisotropy. The Hproton of ring G is in a slightly
deshielding environment compared to thégtoton on ring C.
The assignment of the two®¢nvironments over the bridge in
each diastereoisomer, in association with the connectivity

ligands raises the energy of the d(Ru) orbital, lowering the d(Ru)

(31) Denti, G.; Campagna, S.; Serroni, S.; Ciano, M.; Balzani]).\Am.
Chem. Soc1992 114, 2944.



Azobis(2-pyridine)-Bridged Diruthenium Species Inorganic Chemistry, Vol. 35, No. 18, 1996149

Table 2. Electronic Spectral and Electrochemical Data for Mono- and Dinuclear Ruthenium(ll) Complexes in This Stu@N(Sblvent)

mononuclear complex abs maxnm (loge) Emicr,2 eV AEowrea® V

[(bpy)Ru(apy)F* 244 (4.36)
280 (4.61)
508 (3.88) 2.44 1.96

[(Mezbpy)Ru(apy)F* 278 (4.67)
512 (3.93) 2.42 1.95

[(bpy).Ru(mapy)t* 246 (4.38)
280 (4.65)
506 (3.93) 2.45 1.97

[(MezbpykRu(mapy)f" 278 (4.65)
510 (3.92) 2.43 1.93

dinuclear complex A, nm (loge) Emicr,2 eV AEoyrea® V AEq,tV log KA

[{Ru(bpyy} 2(u-apy)l AA 247 (4.59)
283 (4.89)

375 (4.18)

757 (4.38) 1.64 1.42 0.49 8.28
ANIAA 255 (4.58)

284 (4.88)

393 (4.19)

764 (4.37) 1.62 1.44 0.50 8.45

[{Ru(Me:bpy).} o(uc-apy)l* AA 282 (4.94)
376 (4.25)
768 (4.41) 1.61 1.37 0.52 8.79
AAIAA 283 (4.92)
380 (4.19)
775 (4.42) 1.60 1.40 0.53 8.96

[{Ru(bpy}} 2(u-mapy)F* AA 246 (4.62)
283 (4.93)
377 (4.15)
761 (4.30) 1.63 1.42 0.47 7.95
AAIAA 255 (4.60)
284 (4.92)
382 (4.15)
767 (4.32) 1.62 1.44 0.49 8.28

[{Ru(Mebpy)} o(u-mapy)F+* AN 282 (4.92)
379 (4.11)
774 (4.35) 1.60 1.37 0.49 8.28
ANIAA 283 (4.94)
383 (4.14)
778 (4.37) 1.59 1.39 0.51 8.62

[(bpy)Ru(u-mapy)Ru(Mebpy)]+* AAIAA 255 (4.62)
283 (4.93)
378 (4.15)
766 (4.32) 1.62 1.39 0.50 8.45
AAIAA 258 (4.60)
284 (4.92)
382 (4.12
773 (4.31) 1.60 1.41 0.52 8.79

aEnergy for the lowest energy MLCT absorptioh Difference between the first oxidation and first reduction potenttddifference between
the first two oxidation potentials of the dinuclear complexé@«. is calculated comproportionation constant.

— a*(u-apy) MLCT energy?? The presence of methyl sub- ing the greater precision and resolution. The close proximity
stituents on the bridge raises thtlevel. This is demonstrated  to each other of the successive later ligand reductions rendered
by the bathochromic shift of the d(Ra} 7*(u-apy) transition difficult the determination of somé&;, values from cyclic

in complexes containing methyl-substituted ligands (Table 2), voltammetry. In these cas&s, was calculated using the peak
as for each pair of methyl substituents (either on the bridge or potential &) from DPV, since

on the terminal ligands) the MLCT absorption is red-shifted by

3 nm. E, = Eip — (PA)/2 (1)

The large (250 nm) bathochromic shift upon coordination of
a second [Ru(bpy)?t moiety has been observed previously.
Methyl substituents on the terminal (bpy) or bridgingdpy)
ligands increase such a shift by-65 nm as a result of the
increased ligandr-donor strength, the greatest effect being
observed for {Ru(Mebpy)} 2(«-mapy)F+.

Electrochemistry. The redox couples in both the anodic and
C.athOdIC reglon_s Wer? determined .for each mononuclear an0(32) Anderson, P. A;; Strouse, G. F.; Treadway, J. A.; Keene, F. R.; Meyer,
dinuclear species using both cyclic voltammetry (CV) and T. J.Inorg. Chem.1994 33, 3863.
differential pulse voltammetry (DPV) methods, the latter provid- (33) Parry, E. P.; Osteryoung, R. Anal. Chem1965 37, 1634.

where PA is the pulse amplitude.

For mononuclear complexes of the form [Ru@@g¥, all
displayed one metal-centered oxidation {#() and four ligand
reductions, each of which appeared to be a reversible redox
process. Table 3 summarizes the electrochemical data obtained.




5150 Inorganic Chemistry, Vol. 35, No. 18, 1996 Kelso et al.

Table 3. Redox Potentials (V vs Ag/A9 for Mono- and Dinuclear Ruthenium(ll) Complexes (§3HN/0.1 M [(n-C4Hg)sN]CIO4 Solvent}

Ei1/20x(2) Ex1/20x(1) E1/2redq) E1/2red(2) Ei1/2red(3) E1/oreda) E1/2red(s) Ei/2red(s)

Mononuclear Complexes

[Ru(apy)(bpy)]>* +1.29  —0.67 —1.38 -2.01 237
[Ru(apy)(Mebpy)]?" +1.22 -0.73 —1.44 -2.11 —2.42
[Ru(mapy)(bpyl]2* +1.26  —0.71 ~1.42 —2.02  —2.36
[Ru(mapy)(Mebpy)2F* +1.17 -0.76 —1.46 -2.11 —2.43
Dinuclear Complexes
AA-[{ Ru(bpy}} ou-apy)F+ +1.85  +1.36 —0.06 -0.71 -1.83 —-2.12 —2.23
AAIAA-[{Ru(bpy)} o(u-apy)F+ +1.87  +1.37 -0.07 -0.74 -1.84 -2.15 —-2.24
AA-[{ Ru(Mebpy)} 2(u-apy)F+ +1.75  +1.23 -0.15 —-0.79 —~1.94 -2.21 -2.31
AANAA-[{Ru(Mebpy)s} (u-apy) [+ +1.77  +1.24 -0.16 —-0.82 -1.99 —2.23 -2.33
AA-[{Ru(bpy}} 2(u-mapy)Ft +1.78 +1.31 -0.11 —0.76 -1.89 —-2.14 —2.23
AAIAA-[{Ru(bpy)} o(u-mapy)F+ +1.82  +1.33 -0.11 -0.77 -1.84 —-2.16 -2.24
AA-[{Ru(Mebpy)} 2(u-mapy)f* +1.69 +1.20 -0.17 —0.82 —-1.94 —2.22 -2.32
AANAA-[{Ru(Mebpy)} o(u-mapy)f+ +1.71 +1.20 -0.20 —-0.85 —~1.94 —2.23 -2.34
ANIAA-[(Mezpy)Ru(u-mapy)Ru(bpyj]+* +1.75 +1.25 -0.14 -0.79 —-1.82 -1.95 —-2.15 —-2.29
ANAA-[(Mexpy:Ru@-mapy)Ru(bpyj**  +1.77  +1.25 ~0.16 -0.82  -1.83 -1.95 —2.17 -2.32

aCalculated from DPV measurements (eq“IJwo-electron reduction.

Table 4. Potential DifferencesAE = E;ac — Emes) between the Diastereoisomeric Forms of the Dinuclear Species (mV vs AdRAference
Electrode}

dinuclear complex AEox@) AEox) AEreq() AEred(2) AEred(3) AEred(a) AEreq(s) AEreq(s)
[{ Ru(bpy}} 2(u-apy)l 16 8 —-12 -32 -4 —-32 —-12
[{ Ru(Me:bpy)} 2(u-apy)I* 20 12 12 —46 -8 -20 —24
[{ Ru(bpy}} 2(u-mapy)f* 40 24 4 -16 8 -20 —14
[{ Ru(Me:bpy)} 2(u-mapy)I+ 24 0 —24 -28 4 -16 -20
[(bpy)RU{ u-mapy} Ru(Mebpy)]+* 20 0 —16 —24 —14 2 —18 —-30

a Assessed from DPV measurements.

The bridgingo-azodiimine ligands employed in this study are SLUMO(r2*). It is noted in passing that the present mono-
more -accepting than the terminal ligands (bpy, Mpy) 213 nuclear complexes of apy and mapy do not correlate with the
and consequently the first two electrons added to thesegeneral trend either: a plot &Eoxyreq VS EmLct for a variety
complexes are localized on tleazodiimine, as the second of tris(bidentate)ruthenium(ll) complexes and for the mono-
reduction process occurs at less cathodic potentials than anynuclear species in the present study are given as Supporting
possible bpy-centered reduction. This has previously beenlInformation (Figure S3).

confirmed using spectroelectrochemistfy. For dinuclear complexes of the form [(pRu(-L)Ru-

The presence of methyl substituents on eitherdrezodi- (ppY]*, two widely separated metal-centered oxidations and
imine or the bpy-type ligands affects the apy-centered reductionfive (six in the case of the “mixed-end” dimer) ligand-based
potentials. Conversely, methylation of apy ligand has no reductions were observed, all of which appeared to be reversible
noticeable effect upon the bpy-centered reductions. The redox couples. Previous studies undertaken in a different
consequence of changing from bpy to Mpy is to shift the  solvent? identified a sixth couple at more negative potentials
two apy reductions-50 mV more cathodic, while the third and  for the [ Ru(bpy}} 2(u-apy)F+ complex: the present investiga-
fourth redox couples move-100 mV. A comparison of the  tion was undertaken using GEN/0.1 M [(n-C4Ho)sN]CIOs,,
apy to the mapy complex shows40 and~35 mV cathodic which imposes a reductive limit 6§—2500 mV (vs Ag/Ad),
shifts (respectively) in only the first two couples. Since but it is reasonable to predict the existence of an analogous
interchanging ligands also raises or lowers the d levels of the couple at more negative potentials for the other dinuclear species
metal center, corresponding shifts in the oxidativd'®Ricouple studied.
are observed. _ One of the significant aspects of this work is that, having

Previous studies have noted the correlation betw€fired separated the diastereoisomeric pairs for each of the five
(the potential difference between the couples associated withginyclear complexes synthesized, we observed measurable
the metal-based oxidation and the first ligand-based reduc- gitferences in the physical properties not only between the
tion—and therefore between the HOMO and LUMO energy jfferent complexes but also between the two diastereoisomers
levels) andEv.cr (the energy associated with the lowest MLCT ot the same complex. The net differences betweenraite
absorption) for a selection of tris(bidentate)ruthenium(ll) com- ang the mesoforms for each redox couple of the various
plexes containing polypyridyl ligand$.*® There are some ginyclear species are summarized in Table 4. In all the
notable exceptions, including complexes containing the ligand complexes, the oxidative couples are shifted to more positive
dipyrido[3,2¢:2,3-eJpyridazine (taphenj]**where it has been  potentials and the reductive couples to more negative potentials
suggested the reduction involves population of the LUM@Y  for the rac (AA/AA) forms relative to theneso(AA) diaste-
level while the MLCT absorption involves a transition to the regisomers. Additionally, the separation between the two metal-

(38) Dodsworth, E. 5. L A B. fehem. Phys. Lot985 119,61 centered oxidationsAEy/20) iS consistently larger for theac
oaswortn, E. S.; Lever, A. b. em. S. Le y . [P H :
(35) Dodsworth, E. S.. Lever. A. B. Ehem. Phyé Lettl986 120, 152. form. Thls |.mpI|es a slightly greatgr degree of metaietal
(36) Juris, A.; Barigelletti, S.; Campagna, S.; Balzani, V.; Belser, P.; von Communication for one stereochemical form over the other (the
Zelewsky, A.Coord. Chem. Re 1988 84, 85. _ comproportionation constants are given in Table 2), and we
@7 IJnL:)rr'S' éhe%elfgé,apéstggellettl, F.; von Zelewsky, A Balzani, V. pelieve this to be the first observation of stereochemical
(38) Barig'e”etti, F.: Juris, A.: Balzani, V.: Belser, P.: von Zelewsky, A. influences on the electron transfer properties within dinuclear

Inorg. Chem.1987, 26, 4115. metallic complexes.
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Scheme 1
[(bpy)Ru" (-apy)Ru"(bpy),]®* A
on(Z) f
it} a
[(bpy)Ru"(u-apy)Ru' (bpy),]**
Eox(1 /
[(bpy);Ru"(n-apy)Ru'(bpy),] *
Ereaqry
[(bpy);Ru"(i-apy )Ru"(bpy),**
b
Ereq2) l
((bpy),Ru"(p-apy*)Ru'(bpy),]**
Ereq(3) l
[(bpy)(bpy )Ru" (-apy* )Ru"(bpy),]* c
Erea) l
[(bpy)(bpy")Ru'(u-apy* )Ru"(bpy)(bpy )] _ . 1 . N
0.0 05  -1.0 45 20 24
Ereats l E (Volts)
Figure 5. Differential pulse voltammograms for thac (AA/AA)
[(bpy"),Ru"(u-apy*)Ru'(bpy)(bpy )] forms of (a) [ Ru(bpy}}2(u-mapy)I*, (b) [{ Ru(Mexbpy)} o(u-mapy)f**,
and (c) [(bpy)Ru(u-mapy)Ru(Mebpy)]** (CHsCN/0.1 M [(n-C4Hg)4N]-
E l ClO;, solution; Pt working electrode; Ag/Agreference electrode).
ted(6)
the terminal ligands attached to both ruthenium centers in the

N oI 2 M~ 12 dimer are the same, there is a broad pdalekq:) associated
((bpy)Ru"-apy)Ru(bpy o) with a two-electron process (or more pfobabﬁ/,(t?mo one-electron
Earlier work?-13which exclusively studied thg Ru(bpy)} »- reductions occurring almost simultaneously at opposite ends of
(u-apy)P dinuclear species in DMF solution, tentatively as- the molecule). For the “mixed-end” dimer (Figure 5c), there
signed the first two reductions as bridge-centered and the nextare two distinctly resolved one-electron peaks, now separated
two-electron process as bpy-centered. This was then said toby over 100 mV. By comparison with responses shown in
be followed by three further two-electron processes, the first of Figures 5a,b, the first peak can be assigned as a reduction of a
these again bridge-centered and the other two bpy-centered. Thibpy ligand attached to one metal center, and the second
suggested the possibility of achieving the reversible acceptance(Eireq), as a reduction of Mipy attached to the other metal.
of 10 electrons by the dinuclear complex. With the advantage TheseE;, values (Table 4) are consistent with those of the
of having prepared and measured a larger number of dinuclearsymmetrical dimers in which the terminal ligands are all bpy
a-azodiimine species in the present work, we prefer alternative and all Mebpy, respectively. As with the mononuclear species,

assignments for the redox couples labétggeqsyandE ared(s) the presence of methyl substituents ondhazodiimine bridge
shown in Scheme 1, on the basis of our studies in acetonitrile does not appear to affect the reduction potentials of the terminal
solution. (non-bridging) ligands.

The effect on the redox couples of a methyl substituent at  The redox couple labeleB:reqis)Was previously assigned
the bridge or the peripheral ligands follows the trends observed as a two-electron bridge-centered reductidor the complex
for the mononuclear complexes. Comparison of the apy- to [{Ru(bpy)}2(u-apy)l. After integration of the area under the

the mapy-bridged complexes reveals40 mV and a~30 mV DPV response for this compound and also the four other
cathodic shift (respectively) for the first two bridge-centered o-azodiimine-bridged species, it now appears to be a single-
reductions. The same couples are cathodically shift®d mV electron, bpy-centered process. SimilaByjpreqsy Which was

when methyl substituents are added to the four terminal ligands.also thought to involve two electrons, now appears to be a
Smaller shifts (only 50 mV) were observed for the mononuclear single-electron reduction. The original assignmenE}eds)
species, which is consistent in simplistic additive terms; i.e., was based upon spectroelectrochemical studies and the presence
there are twice as many nonbridging ligands in the dinuclear of nonreduced bpy in the spectrum of what was assumed to be
species compared with the corresponding mononuclear casethe {Ru(bpy}}2(«-apy)E~ anion. This implied the presence
This is confirmed by examining [(bpyRu(«-mapy)Ru(Me- of a {u-apy}*~ moiety, although characteristic absorption
bpy)]* —the so-called “mixed-end” dimetwhere the shift is features for this ligand could not be established. However if
~35 mV: here Mebpy ligands are coordinated to only one of Eireqdsyinvolves only a single electron transfer, then the anion
the two ruthenium centers. investigated was actually Ru(bpy}} 2(«-apy)]~, which would
Figure 5 shows differential pulse voltammograms of rthe still possess an unreduced terminal ligand. An examination of
diastereoisomers of three dimer species bridged by mapy. Whenthe redox potentials shows shifts 985 mV for these couples
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between the species containing bpy and.iMy as terminal !
ligands. Moadification of the bridging ligand by methyl substitu-
tion has no effect on either the fifth or sixth reductions. If
EirredisyWas bridge-centered, the electron-donating ability of a
methyl substitutent would be expected to make reduction more
difficult, and by analogy to the case &h/ared(1) and Ex/zred(2)
(which are indeed bridge-based processes) a cathodic shift of
~35 mV might be anticipated.

Spectroelectrochemisty. Spectroelectrochemical studies of
the dinuclear complexes show isosbestic points for the first 0.2
oxidation process and for the first two reductions. The full
oxidation of both metal centers to the trivalent state could not
be achieved at-32 °C due to the electrochemical limits of the
solvent ([f-C4Hg)4N]CIO4 in acetonitrile). Reversibility of the
first oxidation and the six reduction steps was demonstrated
by the coincidence of the isosbestic points during each re-
verse electrolysis step and ultimate recovery of the starting
compound.

The first oxidation is a one-electron process producing the
mixed-valence species [(pRU" (u-L)Ru' (pp)]®>", which have 04
IVCT bands ¢max6800-6900 cnT; €max 800—1200 mot™* dm?
cm1; Avy, 1600-1900 cntl). The formation of these IVCT
bands in a spectroelectrochemical experiment is shown for the
oxidation of mese[(bpy).Ru' (u-mapy)RU (bpy)]*" in Figure
S4 (Supporting Information). There is a small difference in 02
the shape of the IVCT band between the two compounds
[(bpy)RU" (u-mapy)Ri (bpy)]>* and [(Mebpy)RU" (u-mapy)-
Ru'(Mezbpy)]>*t. However, there is no discernible difference
between diastereoisomers of the same species. The difference
in communication between the metal centers observed in | I |
electrochemical measurements of the [(BBy" (u-mapy)RU- 30000 25000 20000 15000 10000 5000
(bpy)]®* diastereoisomerdf o, did not manifest itself in any Wavenumber (cm”')
detectable variation between the IVCT bands, the two band

shapes (includind\vy,;) appearing almost superimposable. Figure 6. Spectroelectrochemical changes for the oxidation reactions
These mixed-valent dinuclear species containingotteezo- (A) mese|(bpy)oRuf'(u-mapy )RU(bpy)]* = mese[(bpy)Ruf!(u-

L S . - mapy)RU (bpy)]*" and (B) mese[(bpy):Ru'(u-mapy-)Ru' (bpy)]>*
diimine bridging ligands have previously been categorized as _,r%)se[(ép% )é]ul(lu_maé)r))Rul(bgy)?)?{-?-z(CH(:éN/Oﬂ_yN? [(n_é4Hp:;12N]_

both weakly interacting (class Tlaind strongly interacting (class  cjo, solution).
1) 39 systems, and the complexes do not clearly meet the criteria
for either assignment. In the application of Hush’s thédfy
to the IVCT band, a large discepancy is observed between the
calculatedAvy, and the experimental value. While a strong
solvent dependency may account for this (our measurements
were only carried out in a single solvent), the nonapplicability
of the theory suggests a large degree of delocalization and thus $
strongly interacting (class Ill) behavié#®42
The spectroelectrochemistry studies of the six reduction steps 5
in the dinuclear species support our previous assertions that the8
first two reductions are centered on the bridge and the next four
one-electron reductions are localized on the terminal ligands.
The spectral changes associated with the first two reduction
processes can be seen in Figure 6, where they are shown as the
reverse oxidations [2] — [3+] and [3+] — [4+]. In the first
reduction, the d(Ruj> *(bpy) MLCT absorption is red-shifted L L ' L
and the d(Ru)~ *(bridge) MLCT absorption undergoes a blue 40000 35000 30000 25000
shift, consistent with the first electron being localized on the Wavenumber (cm)
azobis(4-methyl-2-pyridine) bridge. The red shift is the smaller Figure 7. UV—visible absorption spectra (acetonitrile solution) of
electronlq effect, as bridge reduitlon raises the d(Ru) Ie\{el. The mese[(bpy):Ru(-mapy)Ru(bpy)™: [2+], [(bpy):RU! («-mapy )R-
band attributed to the d(Ru} *(bridge) MLCT absorption (bpy)l?*: [1+], [(bpy )(bpy)RU (u-mapy )RU (bpy)a] *; [0, [(bpy)-
collapses completely upon addition of the second electron, while (bpy)Ru' (u-mapy?)Ru' (bpy)(bpy)]; [1—], [(bpy )RU' (u-mapy?)-
the d(Ru)— z*(bpy) MLCT absorption is further red-shifted,  Ru'(bpy)(bpy)]~; [2—], [(bpy)RU' (u-mapy )Ru' (bpy)2] >
confirming that this second electron is also localized on the

04

Absorbance

Absorbance

ban

bridge. The bpy and bpy bands located in the UV region (centered
at 33 800 and 29 600 crhrespectively; Figure 7) demonstrate

ggg Crutchley, R JAdw. Inorg. Chem2994 4, 273 that the next four one-electron reductions are localized sequen-

(41) Allen, G. C.: HS'sh, N?'Spmg. Inorg. Chem1967, 8, 357. tially on each of the terminal bpy ligands. For each successive

(42) Poppe, J.; Moscherosch, M.; Kaim, Worg. Chem1993 32, 2640. reduction Eireq(z-6)) the bpy band decreases in intensity and



Azobis(2-pyridine)-Bridged Diruthenium Species Inorganic Chemistry, Vol. 35, No. 18, 1996153

finally collapses completely, while the bpyand correspond- The first six electrochemical reductions for this series of

ingly increases with each reductive step. dinuclear complexes have been unequivocally assigned. Con-

trary to a previous report in the literature, there are six one-

electron stepsthe first two are centered on the bridge and the
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nium(ll) species and their separation in each case into diaste- )

reoisomers have permitted the observation and measurement Acknowledgment. This work was supported by the Aus-

of physical differences between theesoand racemicforms. tralian Research Council. We are grateful to Dr. Graham Heath
Comparisons of the electronic spectra of the two diastereoiso-for the use of the OTTLE cell facilities at the Australian National

meric forms show a-6 nm difference in the MLCT absorptions. ~ University.

Electrochemical stgd|es_ reveal anodm shifts for oxidative Supporting Information Available: Figures S:S4, showing
couples and (_:athOd_'C shifts for reductive couples 648 m_V CHEM 3D representations of the diastereoisomeric forms{&uf

fqr the racemlcrelatlvg to th.emesofornjs.of each of the fl\{e (Mesbpy)} o(u-apy)F*, portions of the 300 MHzH-NMR NOE
dinuclear complexes investigated. Similarly, there are differ- gifference spectra ofac-[{Ru(Mebpy)s}o(u-mapy)F*, correlation
ences in the comproportionation constants between diastereoihetweenAE,q (potential difference between the first oxidation and
someric forms as calculated from thg/redox Measurements,  first reduction processes) andu.cr (the lowest energy MLCT
although no discernible differences were observed between theabsorption) for tris(bidentate)ruthenium complexes containing polypy-
IVCT bands of the respective forms. Significant structural ridyl ligands, and spectroelectrochemical changes for the oxidation
differences in the relative orientations of the terminal ligands reactionmese](bpy).Ru'(«-mapy)R (bpy)]*" — mese[(bpy)Ru" (u-

are reflected electronically in the markedly differért-NMR mapy)RU (bpy)]** (CHCN/0.1 M [(n-CaH3)aNICIO4 solution), and an
spectra. Themesoforms always appear as the major product APPendix giving the data used to generate Figure S3 (5 pages).
from the synthesis and have a much lower solubility in a wide Ordering information is given on any current masthead page.

range of organic solvents. 1C9600893

Conclusions



