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TwoTwo Electron Donating RuCp(CO)2 Axial Ligands 
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4.11 Abstract 

Thee photophysical, photochemical and redox properties of the title complexes were 

investigated.. Resonance Raman measurements revealed the lowest-energy electronic 

transitionn to possess Sigma-Bond-to-Ligand Charge Transfer (SBLCT) character. At low 

temperaturess long-lived near-IR emission was observed. Irradiation in solution results in 

homolyticc splitting of a Ru-Ru bond as the primary step, followed by secondary reactions of 

thee radical fragments depending on the experimental conditions. (Spectro)electrochemical 

investigationss of the title species proved that the axial [RuCp(CO)2] groups exert a stabilizing 

influencee on the corresponding radical cations, while destabilizing the corresponding radical 

anions,, compared to the redox behaviour of other ruthenium complexes of this type. 

4.22 Introductio n 

Thee photochemical, photophysical and redox properties of the complexes trans, cis-

[Ru(Li)(L 2)(CO)2(iPr-DAB)]]  (iPr-DAB = ^^V-diisopn>pyl-l,4-diaza-l,3-butadiene) have 

beenn studied extensively in our laboratory.1-5 In this general formula Li and L2 represent 

electronn donating ligands such as alkyl- or metal-containing groups. It was shown that in the 

lowest-excitedd state of these complexes electron density has been transferred from the o(Li-

Ru-L2)) system to the n* orbital of iPr-DAB, which contrasts with the lowest MLCT state of 

[Ru(Cl)(Me)(CO)2(iPr-DAB)]]  and the XLCT (X = I) state of [Ru(I)(Me)(CO)2(iPr-DAB)].^8 

Onee of the consequences of this cm* or Sigma-Bond-to-Ligand Charge Transfer (SBLCT) 

excitedd state character is a dramatic increase in excited state lifetime.2 On the other hand, 

removall  of electron density from the bonding Li-Ru-L2 ö orbital imparts all members of the 

seriess [Ru(L])(L2)(CO)2(iPr-DAB)] with a certain degree of photoreactivity. 

Thee present study was undertaken to investigate the influence of strongly electron 

releasingg axial ligands on the photophysical and photochemical behaviour. Therefore, two 

novell  complexes were synthesized bearing one or two [RuCp(CO)2] groups as axial ligands. It 

wass expected that incorporation of these ligands would shift the electronic absorption 

maximumm to lower energy, hence giving rise to near-infrared emission. This is very 

interestingg in view of the challenging application of such compounds as luminescent labels 
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e.g.e.g. in biochemical separations, since in the near infrared spectral region of the spectrum the 

backgroundd luminescence is negligible. A long luminescence lifetime is also desirable in 

orderr to make time gated detection viable. In order to understand the influence of the electron 

releasingg [RuCp(CO>2] axial ligand(s) on the electronic properties and reactivity of the title 

complexess in more detail, a (spectro)electrochemical study was also undertaken. 

4.33 Experimental Section 

Materials.. [Ru3(CO)12] (ABCR), I2 (Merck), SnClPh3 (Aldrich) and [Ru(CO)2Cp]2 (Strem) 

weree used as received. Solvents purchased from Acros (THF, 2-MeTHF, hexanes, dichloromethane), 

Merckk (heptane) were dried on and distilled from the appropriate drying agent. Silica gel (kieselgel 60, 

Merck,, 70-230 mesh) for column chromatography was dried and activated by heating in vacuo at 160 

°CC overnight. 

Syntheses.. All syntheses and measurements were performed under a nitrogen atmosphere 

usingg standard Schlenk techniques. yV,W-diisopropyl-l,4-diaza-l,3-butadiene (iPr-DAB),26 

[RuCp(H)(CO)2],
177 [RuCp(CO)2]2,

17 [Ru(Cl)(SnPh3XCO)2(iPr-DAB)]10 and [Ru(I)2(CO)2(iPr-

DAB)] 277 were prepared according to literature procedures. 

[Ru(SnPh3)[RuCp(CO)2](CO)2(iPr-DAB)ll  (1). [RuCp(CO)2]2 (216 mg, 0.48 mmol) was 

dissolvedd in 30 mL THF. An excess of 0.6 mL NaK2g was added through a syringe under stirring. The 

yelloww colour of the reaction mixture changed to brown yellow during the next 45 min after which IR 

spectraa showed virtually complete conversion to [RuCp(CO)2]~.20 The resulting solution was added 

graduallyy through a syringe to a solution of [Ru(Cl)(SnPh3)(CO)2(iPr-DAB)] (182 mg, 0.24 mmol) in 

300 mL THF under the exclusion of light. The reaction mixture turned purple immediately. The solvent 

wass evaporated and the product was purified by column chromatography on activated silica, using a 

CH2Cl2/hexanee eluent (1:3 v/v). The product elutes prior to the [RuCp(CO)2]2 main impurity. It was 

obtainedd as a purple microcrystalline solid in approximately 50% yield. FAB-MS; m/z: [M+] not 

detected,, 813 [M+ - 2 CO], 764 [M+ - Ph - CO], 649 [M+ - RuCp(CO)2]. IR (THF): See Table 4.1. 

UV/Vi ss (É/M-'.cnf') (CH2C12): See Table 4.1. lH NMR (CDC13); S : 0.99 (d, 6 H, V = 6.5 Hz, 

CH(C//3)22 pointing toward SnPh3, assignment based on comparison with the 'H NMR spectra of 

[Ru(SnPh3)2(CO)2(iPr-DAB)]]  (8 = 0.97)1 and 2 (vide infra); 1.19 (d, 6 H, V = 6.5 Hz, CH(C//3)2 

pointingg toward RuCp(CO)2), 4.40 (septet, 2 H, 3J = 6.6 Hz, C//(CH3)2), 5.22 (s, 5 H, C5H5), 7.27 (m, 

99 H, o/p-SnC6H5), 7.38 (m, 6 H, m-SnC6H5), 7.87 (s, 2 H, JSn.H = 21 Hz, imine CH) ppm. I3C NMR 

APTT (QAO; ö: 25.1, 24.5 (CH(CH3)2), 63.0 (CH(CH3)2), 86.4 (C5H5), 128.0, 127.7 (s, m/p-SnC6H5), 
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137.88 (s, ySn-C = 34 Hz, o-SnC6H5), 144.5 (s, ipso-SnC6H5), 145.4 (s, imine C), 205.7 (s, Riw,^CO), 

209.77 (s, RucemrarCO) ppm. ,l9Sn NMR (acetone-d6); ö: -45.6 ppm. 

[Ru[RuCp(CO)2]2(CO)2(iPr-DAB)]]  (2). This compound was synthesized from [Ru(I)2(CO)2(iPr-

DAB)]]  (104 mg, 0.19 mmol) following the same procedure as for 1 and obtained as a dark green 

microcrystallinee solid in approximately 50% yield. C24H26N206Ru3 (869.52): calcd. C 38.87, H 3.53, N 

3.78;; found C 38.69, H 3.36, N 3.70. FAB-MS; m/z : 743 [M+], 521 [M+ - RuCp(CO):]. IR (THF): See 

Tablee 4J. UV/Vi s (£/M^cm~')(CH2Cl2): See Table 4.1. 'H NMR (CDC13); 5: 1.21 (d, 12H,V = 6.6 

Hz,, CH(C//3)2), 4.36 (sept, 2 H, V = 6.6 Hz, C//(CH3)2), 5.24 (s, 10 H, C5H5), 7.99 (s, 2H, imine CH) 

ppm.. ' 'C NMR APT (C6D6); S : 24.8 (CH(CH3)2), 61.6 (CH(CH3)2), 86.4 (CSH5). 143.7 (imine C), 

205.77 (Rtw-CO), 214.6 (Ru„wr„rCO) ppm. 

Spectroscopicc Measurements. UV/Vis: Varian Cary 4E and Hewlett-Packard 8453. IR: Bio-

Radd FTS 7 and FTS 60A, the latter equipped with a liquid-nitrogen-cooled MCT detector. NMR: 

Brukerr AMX300 ('H and i3C) and DRX300 (mSn). Resonance Raman: Dilor XY spectrometer, with 

ann SP2040E Ar+ laser and Coherent CR 490 and 590 dye lasers as excitation sources and a Wright 

Instrumentss CCD detector. EPR: Varian E-104A. FAB-MS : JEOL JMS SX/SX102A four-sector mass 

spectrometer,, coupled to a JEOL MS-MP7000 data system. Elemental analyses were performed at H. 

Kolbee Mikroanalytisches Laboratorium in Miilheim an der Ruhr. 

Time-resolvedd emission and absorption spectra were recorded at 90 K in an Oxford 

Instrumentss cryostat. A Spectra Physics GCR-3 Nd:YAG laser, operating at 10 Hz was used as the 

excitationn source. The desired wavelength (532 nm) was obtained by frequency doubling of the 1064 

nmm fundamental. The setup has been described elsewhere.16 For the low temperature absorption, a 

teflonn mask with 1 mm holes for the probe light and a 1 cm slit for the pump light was used. 

Quantumm yields of the photoreactions were determined from the disappearance of the parent 

complexes,, following the decay of their lowest-energy absorption band. For this purpose the sample 

waswas irradiated within the UV/Vis spectrophotometer with one of the laser lines of an SP2025 Ar+ laser 

throughh an optical fiber in a previously described setup.16 

Cyclicc Voltammograms (CV) of approximately 10"3 M solutions of the parent complexes were 

recordedd with added NBu4PF6 (0.1 - 0.3 M) as supporting electrolyte in a gas-tight, single-

compartment,, three-electrode cell equipped with platinum disk working (apparent surface area 0.42 

mm2),, platinum gauze auxiliary and silver wire pseudoreference electrodes. The cell was connected to 

aa computer-controlled PAR Model 283 potentiostat. Redox potentials are reported relative to 

Ew(Fc/Fc+)) (Ew = 0.575 and 0.43 V vs SCE in THF and CH3CN, respectively). Ferrocene was added as 

internall  standard.28 The scan speed was 100 mV/s. IR-spectroelectrochemical measurements at 

variablee temperatures were performed with ca 10~2 M solutions in previously described optically 

transparentt thin-layer electrochemical (OTTLE) cells.29'30 The potential was controlled during these 

measurementss by a PA4 (EKOM, Czech Republic) potentiostat. 
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4.44 Results and Discussion 

4.4.11 Spectroscopic Properties 

Thee title compounds, purple [Ru(SnPh3){RuCp(CO)2}(CO)2(iPr-DAB)] 1 and green 

[Ru{RuCp(CO)2} 2(CO)2(iPr-DAB)]]  2 were prepared by addition of K[RuCp(CO)2] to 

[Ru(Cl)(SnPh3)(CO)2(iPr-DAB)]]  and [Ru(I)2(CO)2(iPr-DAB)] respectively, according to the 

proceduree used for the synthesis of [Ru{Re(CO)s}2(CO)2(iPr-DAB)].9 Both complexes are 

highlyy photoreactive in solution and virtually photostable in the solid state. The 'H and l3C 

NMRR chemical shifts for the coordinated iPr-DAB ligand are similar to those found for other 

trans,trans, cw-[Ru(L0(L2)(CO)2(iPr-DAB)] complexes, pointing to axial positions of the 

[RuCp(CO)2]]  groups (See Figure 4.1). Both 1 and 2 may exist as a mixture of several 

rotamerss in solution. 

Figuree 4.1 Schematic molecular structures of the complexes 1 and 2. 

Thee electronic absorption data are collected in Table 4.1. Due to the electron-releasing 

characterr of the [RuCp(CO)2] group, the lowest-energy absorption bands of both 1 and 2 are 

red-shiftedd compared to those of other complexes of this series such as 

[Ru(SnPh3)2(CO)2(iPr-DAB)].9l°° In the case of 1 this absorption band is considerably less 

solvatochromicc than e.g. the Metal-to-Ligand Charge Transfer (MLCT) band of the 

structurallyy related complex [Ru(Cl)(Me)(CO)2(iPr-DAB)]6 and even less than found for all 

presentlyy known non-halide complexes of the [Ru(Li)(L2)(CO)2(iPr-DAB)] series.9'10 For 2 

thee solvatochromism is negligible. This is indicative of an electronic transition with a limited 

chargee transfer character. Upon cooling a 2-MeTHF solution of 1 or 2 to a glassy solid at 80 

KK the lowest-energy band shifts to higher energy by ca. 350 cm"1. 
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Tablee 4.1 Spectroscopic data for complexes 1 and 2. 

UV/Visaa IR1"' resonance Raman (cm" ) 

A , n a, b ( ec )) Ad 

1571(5770),383,333,3066 358 1993m, 1960s, 1933s, 1460s,1281s,951s,829s,609m,4I6w,242m,192m 

1918w w 

22 605(7070),463,352 82 199lw, 1967s, 1946s, 1459vw,1281vw,954m,833m,601m,499w,320s, 

1926s,, 1919sh,1897w 184s,119s,104s 
ainn CH2C12 at room temperature, bin nm, cin M~'.cm~ \ dA= VmaX(MeCN) - vmail(hexane) (in cm"1); ein 

THFF at room temperature. 

Inn order to characterize the lowest-energy electronic transition, resonance Raman (rR) 

spectraa were recorded for both complexes by irradiation into the corresponding absorption 

band.. This technique relies on the resonance enhancement of Raman intensity for those 

vibrationss which are coupled to the allowed electronic transition activated by laser excitation. 

Thee wavenumbers of the observed Raman bands are collected in Table 4.1. The rR spectra of 

11 and 2 (Figure 4.2) are significantly different. That of 1 shows resonantly enhanced Raman 

bandss at 1460 cm-1 and 1281 cm-1, which belong to vs(CN) and (%(CH) of the coordinated 

iPr-DABB ligand, respectively.2 Their resonance enhancement indicates that the electronic 

transitionn involves some degree of charge transfer to the lowest 7C* orbital of the iPr-DAB 

ligand.. Its occupation gives rise to a lengthening of the C=N bond and appearance of the 

correspondingg stretching mode in the rR spectrum. The absence of a resonantly enhanced 

vs(CO)) band implies that the 71-backbonding from the central Ru atom to the CO ligands is 

similarr in ground and excited states, which agrees with a delocalized Ru-Ru(iPr-DAB)-Sn 

systemm and a small charge transfer character of the transition. In contrast, rR spectra obtained 

byy excitation into MLCT transitions, for example in the case of [Ru(Cl)(Me)(CO)2(iPr-

DAB)] ,, show a rR effect for vs(CO),6 in agreement with their pronounced MLCT character. In 

thee case of 2 the lowest-energy transition has virtually no charge transfer character since the 

bandss due to the internal stretching vibrations of the iPr-DAB ligand are absent in the rR 

spectrum.. This observation is in line with the negligible solvatochromism of this absorption 

band.. This effect of the charge transfer character on the resonance Raman spectrum is not a 

particularr property of an SBLCT transition; it has also been found for the MLCT transitions 

off  W(CO)4(a-diimine) (see chapter 8).11 
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Basedd on the rR data, the lowest-energy absorption band of 1 is assigned to an 

electronicc transition qualitatively described as a(Sn-Ru-Ru)->7i*(iPr-DAB) (SBLCT) with 

somee mixing between the a and 71* orbitals. In the case of 2 this transition occurs between 

frontierr orbitals possessing a strongly mixed o(Ru-Ru-Ru)-Jt*(iPr-DAB) character. A 

similarr mixing between o and TI* orbitals was found in density functional calculations on the 

relatedd model compound [Ru(SnH3)2(CO)2(H-DAB)].' These calculations described the 

HOMOO and LUM O as mixed contributions of a Ru p orbital, the sp3-sp3 combination of the 

SnH33 ligands and the 7T*(H-DAB) orbital. The contribution of the ;r*(iPr-DAB) orbital to the 

HOMOO and LUM O is expected to vary from one complex to another, with a concomitant 

effectt on the charge transfer character and the solvatochromism of the HOMO-»LUMO 

(SBLCT)) transition. 

— ii  1 1 ' 1  1— 

20000 1500 1000 500 
Wavenumberss (cm1) 

Figuree 4.2 Resonance Raman spectra of 1 (top) and 2 (bottom) recorded by excitation (Xexc = 514.5 

andd 590.0 nm, respectively, indicated by arrows) into the lowest-energy transition (UV/Vis spectra in 

inserts)) of the complexes dispersed in KN03-pellets. 

Goingg from 1 to 2, i.e. replacing the axial SnPli3-ligand by the more electron releasing 

[RuCp(CO)2]]  group, the mixing between the a and Jt*  orbitals in both the HOMO and the 

LUM OO increases. As a result the HOMO->LUMO transition loses most of its charge transfer 
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character,, which is reflected in the absence of bands due to the iPr-DAB stretching vibrations 

inn the rR spectrum of 2. In the 1000 - 100 cm"1 region of the rR spectrum of 1 resonantly 

enhancedd bands can be observed at 951 and 829 cm"1 (iPr-DAB deformation vibrations) and 

att 609, 416, 242 and 192 cm"1 (metal-ligand stretching modes). These bands were also 

observedd in the rR spectra of [Ru(SnPh3)2(CO)2(iPr-DAB)] and 

[Ru(SnPh3){Mn(CO)5}(CO)2(iPr-DAB)].244 In addition to these vibrations, the rR spectrum of 

22 shows extra bands at 499, 320, 119 and 104 cm"1, while the peak at 242 cm"1 is missing. 

Thee latter two bands are very intense and may belong to a v(Ru-Ru) or a v(Ru-Ru-Ru) 

mode. . 

Tablee 4.2 Emission properties of compounds 1 and 2 in a 2-MeTHF glass at 80 K (/Uc = 532 nm). 

compound d 

1 1 

2 2 

Ru(Cl)(Me)(CO)2(iPrDAB)a a 

a**  - - j - 7 

/Uss (nm) 

559 9 

593 3 

387 7 

Asmm (nm) 

830 0 

855 5 

650 0 

Stokess shift (cm ') 

5841 1 

5168 8 

10455 5 

r(us) ) 

16 6 

9 9 

0.3 3 

Figuree 4.3 Low temperature transient absorption difference spectra of 1 (top) and 2 (bottom) in 2-

MeTHFF glasses at 90K. The time delay between spectra is 4 ^s. 

80 0 
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4.4.22 Low Temperature Emission and Transient Absorption 

Inn a 2-MeTHF glass at 80 K both 1 and 2 show luminescence with a much longer 

lifetimee than that of [Ru(Cl)(Me)(CO)2(iPr-DAB)] (Table 4.2).7 This is remarkable, since 1 

andd 2 emit in the near infrared region, whereas the latter compound emits at much higher 

energy.. At first sight, this observation seems to be in contradiction with the energy gap law. 

However,, it can be explained by the fact that the lowest excited state has a different character. 

Ass mentioned in the section 4.1 and chapter 1, the use of two o-bound axial donor ligands 

resultss in a special type of lowest excited state, the SBLCT state. The long excited state 

lifetimee is a general property of this type of excited state, and can be rationalized as follows: 

Inn the SBLCT excited state the complexes are less distorted, which is reflected in a smaller 

apparentt Stokes shift of their emission (Table 4.2). This feature originates in the delocalized 

naturee of the electronic system, causing a slight distortion of many bonds in the excited state, 

whilee the distortion along any normal coordinate is very small. Consequently, the excited 

statee lifetime increases, owing to reduction of vibrational overlap between ground and excited 

statee wavefunctions. This situation also applies to related [Ru(L|)(L2)(CO>2(iPr-DAB)] 

complexes,, as judged from time-resolved emission and infrared data and from MO 

calculations.1'22 At low temperatures, it proved possible to record transient absorption spectra 

ass well (Figure 4.3). The transient features and ground state bleach have the same lifetime as 

foundd in the emission spectra. Interestingly, the bleach does not disappear completely, 

indicatingg a slight photolability of 1 and 2 even in low temperature glasses. 

4.4.33 Photochemistry 

Complexess 1 and 2 are photoreactive in solution upon irradiation into their lowest 

SBLCTT absorption band. The photoreactions were monitored with UV/Vis, IR and EPR 

spectroscopies.. The spectroscopic data of the parent complexes, photoproducts and reference 

compoundss are collected in Table 4.3 and the photoreaction pathways are summarized in 

Schemee 4.1. 

Firstt of all, solutions of 1 and 2 were irradiated in situ in an EPR spectrometer in the 

presencee of a radical trap. The EPR spectrum recorded after irradiation of a THF solution of 1 

inn the presence of an excess of triphenylphosphine with a high-pressure mercury lamp 

(;U>4555 nm) was identical to that of the radical [Ru(SnPh3)(PPh3)(CO)2(iPr-DAB)]*, 

obtainedd by irradiation of [Ru(SnPh3)2(CO)2(iPr-DAB)] in the presence of 

triphenylphosphine.33 The other radical fragment, [RuCp(CO)2]\ which was also formed by 
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thee homolysis of the Ru-Ru bond, was not observed. However, on irradiation of 1 in toluene 

containingg an excess of nitrosodurene, a different radical species was formed, which was 

identifiedd as the nitrosodurene-trapped [RuCp(CO)2]" radical.12 Exactly the same spectrum 

wass recorded upon irradiation of 2 under the same conditions, proving that in both cases 

homolyticc Ru-Ru bond splitting is the primary photochemical process. 

InIn situ laser irradiation (X,n = 514.5 nm) of 1 in dichloromethane in an IR spectrometer 

att room temperature caused the appearance of several new bands in the CO stretching region, 

whilee those of the starting compound decreased in intensity. Initially, two bands appeared at 

20566 and 2005 cm"1, accompanied by three other bands at 1991, 1965 and 1936 cm"1. The 

formerr two bands are assigned to [RuCp(Cl)(CO)2], in good agreement with the literature 

valuess of 2057 and 2009 cm"1 in CC14.
13 The other three bands are attributed to 

[Ru(SnPh3)(CO)2(iPr-DAB)]2,, a product which also results from photolysis of 

[Ru(SnPh3)2(CO)2(iPr-DAB)].33 In addition, a small peak is detectable at 1773 cm"1, which is 

assignedd to [RuCp(CO)2]2, its other v(CO) bands being obscured by the previously mentioned 

bands. . 

ii  1 1 1 1 1 1 1 1 1 . 1 . 1 

3000 400 500 600 700 800 900 
Wavelengthh (nm) 

Figuree 4.4 UV/Vis spectral changes accompanying 514.5 nm irradiation of 2 in THF at room 

temperature. . 
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Tablee 4.3 Spectroscopic data of complexes 1 and 2 and their photoproducts upon 514.5 nm irradiation. 

Compoundd (solvent/temp) v(CO)) (cm"1) Amass (nm) 
11 (CH2C12; 293 K) 
[RuCp(Cl)(CO)2] ] 
[Ru(Cl)(SnPh3)(CO)2(iPrDAB)] ] 
[Ru(SnPh3)(CO)2(iPrDD AB)]  2 

[RuCp(CO)2J2 2 

1993m,1961s,1933s,1920sh h 
2056,2005 5 
2032,1974 4 
1991w,, 1965m, 1936s 
1773a a 

308,334,384,571 1 

-440 0 

1(THF;213K) ) 
[RuCp(THF)(CO)2]

+ + 

[RuCp(H)(CO)2] ] 
[Ru(SnPh3)(CO)2(iPrDAB)]2 2 

[RuCp(CO)2]2 2 

1991m,1958s,1931s,1915w w 
2045,1991 1 
2026,1959 9 
1991w,1959m,1932s s 
1991,1776a a 

11 (THF; 293 K) 
unassigned d 
[RuCp(H)(CO)2] ] 
[Ru(SnPh3)(CO)2(iPrDAB)]2 2 

[RuCp(CO)2]2 2 

1993m,1960s,1933s,1918w w 
2037,2010 0 
2022,1961 1 
1991w,1961m,1935s s 
1991,1961,1935,1783 3 

308,333,382,570 0 

385,690 0 

22 (CC14; 263 K) 

[RuCp(Cl)(CO)2] ] 
[Ru(Cl)) {RuCp(CO)2}  (CO)2(iPrDAB)] 

1996w,1971s,1948s,1929s, , 
1922sh,1898w w 
2058,2009 9 
1974s,1953m,1923w,ll  767 w 

22 (THF; 213 K) 
[RuCp(THF)(CO)2]

+ + 

[Ruu {RuCp(CO)2} (THF)(CO)2(iPrDAB)]
+ 

1990w,, 1965s, 1945s, 1924s, 1894w 
2045,1990 0 
1967s,1943m,1924w,1763w w 

22 (THF; 293 K) 

[RuCp(H)(CO)2] ] 
[Ru{RuCp(CO)2}(THF)(CO)2(iPrDAB)]+ + 

[Ruu {RuCp(CO)2}  (CO)2(iPrDAB)]2 

1992w,, 1967s, 1946s, 1926s, 1919sh, 350,462,604 
1897w w 
2023,1959 9 
1972s,1959m,1925w,I764w w 
1988,1959,19400 495,703 

Referencee compounds 
[Ru(SnPh3)(CO)2(iPrDAB)]22 (THF*) 
[Ru(OTf)(SnPh3)(CO)2(iPrDAB)](THF*) ) 
[RuCp(CO)2]2(THF) ) 

[RuCp(CO)2]22 (THF; 213 K) 
[RuCp(CO)2]2(CH2Cl2) ) 
[RuCp(H)(CO)2]]  (Heptane)c 

[RuCp(H)(CO)2]]  (THF) 
[RuCp(H)(CO)2]]  (CH2C12) 
[RuCp(Cl)(CO)2]]  (CCl4)

d 

[RuCp(THF)(CO)2]
+ + 

[Ru(Cl)(SnPh3)(CO)2(iPrDAB)] ] 

1988w,, 1963m, 1934s 385,690 
2040,1981 1 
2009w,1997s,1967m,1955m,1936s,1788 265,331 
3s s 
1992s,, 1965w,1948w,1934w, 1778s 
2002s,, 1966s, 1936m, 1773s 
2032,1974 4 
2022,1960 0 
2025,1953 3 
2057,2009 9 
2048,1995 5 
2033,1974 4 

aThee other v(CO) bands are obscured by those of the other photoproducts; bref  ?; cref 17 ; dref 13 
ewithh added NBu4PF6 electrolyte. 
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Onn prolonged irradiation of the dichloromethane solution of 1 new bands appeared at 

20333 and 1974 cm"1 at the expense of the peaks belonging to [Ru(SnPh3)(CO)2(iPr-DAB)]2. 

Thesee IR peaks and an absorption band at ca. 440 nm reveal the formation of 

[Ru(Cl)(SnPh3)(CO)2(iPr-DAB)]]  in agreement with literature data for this complex.3 The 

dichloromethanee solvent apparently does not act as an efficient radical scavenger, allowing 

thee [Ru(SnPh3)(CO)2(iPr-DAB)f and [RuCp(CO)2]*  radicals to dimerize before chlorine 

abstractionn from the solvent takes place. This particularly applies to the former radical. The 

photochemicall  quantum yield of this reaction was determined and appeared to be rather high 

(0.71).. These data show that SBLCT excitation of 1 causes homolysis of the Ru-Ru bond, 

followedd by dimerization or reaction with the solvent (Scheme 4.1). The Ru-Sn bond remains 

unaffected. . 

Irradiationn (Ajn = 514.5 nm) of 2 in spin trapping CCU at 263 K gave rise to several 

neww v(CO) bands belonging to two chlorinated products (Scheme 1). The bands at 2058 and 

20099 cm"1 belong to [RuCp(Cl)(CO)2] in agreement with literature data.13 The second product 

(v(CO)) at 1974, 1953, 1923 and 1767 cm"1) is assigned to [Ru(Cl){RuCp(CO)2}(CO)2(iPr-

DAB)] .. The interesting feature of this product is the v(CO) band due to a bridging carbonyl 

groupp (1767 cm-1). We assume that one carbonyl group occupies a Ru-Ru bridging position. 

Thee quantum yield of the photochemical reaction of 2 was determined to be 1.16 in CH2C12. 

Thiss quantum yield, and also that for 1 (see above), is much higher than that for 

[Ru(SnPh3)2(CO)2(iPr-DAB)]]  (0.10, chapter 3), which implies that the Ru-Ru bond is weaker 

thann the Ru-Sn bond. The quantum efficiency higher than 1 may indicate that the radicals, 

formedd upon homolytic Ru-Ru bond splitting, react with the starting compound in an electron 

transferr chain reaction. Similar observations were made for several related rhenium, 

manganesee and ruthenium complexes. ! 

Forr comparison, the photochemistry of 1 and 2 was also studied in THF in the absence 

off  radical traps (Scheme 4.1). In this case the major photoproduct of 1 was clearly 

[Ru(SnPh3)(CO)2(iPr-DAB)]22 (v(CO) = 1991, 1961, 1935 cm"1, A™ = 385, 690 nm). The 

otherr expected dimeric product [RuCp(CO)2]2 was only formed in a minor amount. In 

addition,, some other bands were observed at 2037, 2022 and 2010 cm"1. These peaks 

increasedd in intensity on prolonged irradiation, at the expense of those belonging to 

[RuCp(CO)2]2.. The band at 2022 cm"1, together with a band at -I960 cm"1 (hidden under the 

19611 cm-1 band), is assigned to [RuCp(H)(CO)2], formed via hydrogen abstraction from the 

solventt by [RuCp(CO)2]\ The same v(CO) values were found for [RuCp(H)(CO)2] 
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synthesizedd from Ru3(CO)i2 and cyclopentadiene.17 Similar reactions of [RuCp(CO)2]" were 

reportedd recently.18 The assignment of the 2037 and 2010 cm"1 bands is not entirely clear, but 

theyy must also belong to a species containing the [RuCp(CO)2] moiety. On irradiation at 213 

KK in THF the major products were the same. However the 2037 and 2010 cm"1 bands were 

absent,, whereas a new product was observed with bands at 2045 and 1991 cm"1, fitting nicely 

withh data for the [RuCp(THF)(CO)2]
+ cation (Table 4.3). 

SnPh3 3 

hv v 

[Ru(SnPh3)(CO)2(iPr-DAB)] '' + [RuCp(CO)2] ' 

CH2C12; ; 
THF F 

CH2C1; ; 

[Ru(SnPh3)(CO)2(iPr-DAB)]2 2 

CH2C1,, I 

[Ru(Cl)(SnPh3)(CO)2(iPr-DAB)] ] 

CH2C12; ; 
THF F 

[RuCp(CO)2] 2 2 

CH2C1 1 

\~N<THF,213K K 

[RuCp(Sv)(CO)2]
+ + 

LTH F F 

[RuCp(H)(CO)2] ] 

CH2C12 2 

[RuCp(Cl)(CO)2] ] 

RuCp(CO)2 2 

II „„c o 
' ' 

22 RuCp(CO)2 

hv v 

[Ruu (RuCp(CO)2) (CO)2(iPr-DAB)]*  + [RuCp(CO)2] ' 

THF, , 
293K K 

THF F 

[Ruu {RuCp(CO)2) (CO)2(iPr-DAB)]2 

[Ruu {RuCp(CO)2 ((THF)(CO)2(iPr-DAB)]+ 

CC14 4 CCL L 
JJ

^ T H F ^ B K K 
[RuCp(THF)(CO)2]

+ + 

THF,, 293K 
[RuCp(H)(CO)2] ] 

[RuCp(Cl)(CO)2] ] 

[Ru(Cl)) (RuCp(CO)2}  (CO)2(iPr-DAB)] 

Schemee 4.1 Photochemical pathways of 1 and 2 in various solvents. 
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Irradiationn of a THF solution of 2 also yielded a mixture of products. Clearly visible 

aree peaks at 2023 and - I960 cm-1 due to [RuCp(H)(CO)2]. In addition, there is a series of 

peakss at 1967, 1943, 1924 and 1766 cm-1, which most probably belong to 

[Ru{RuCp(CO)2}(THF)(CO)2(iPr-DAB)]+,, in close correspondence with the v(CO) values 

forr the chlorinated derivative formed in CCU (vide supra). A third product with v(CO) bands 

att 1988, - I960 and 1940 cm"1 is proposed to be [Ru{RuCp(CO)2}(CO)2(iPr-DAB)]2. This 

assignmentt is not only in agreement with the behaviour of 1, but is also supported by the 

investigationn of this reaction with UV/Vi s spectroscopy. The product spectrum exhibits a low 

energyy absorption band at 703 nm which is characteristic for such a dimer (Figure 4.4). At 

loww temperatures (213 K) no dimeric products were observed, but only the cationic species 

[Ru{RuCp(CO)2}(THF)(CO)2(iPr-DAB)]++ and [RuCp(THF)(CO)2]
+. Apparently, the 

increasedd viscosity of the solvent at low temperatures hampers the dimerization of the 

radicals,, while coordination of THF induces electron transfer reactions. 

AA B R1 

1 — 1 — i — 1 — i — 1 — i — 1 — 1 — 1 — 1 — —— — > 1 1 1 > 1 < 1 — 

1.00 0.5 0.0 -0.5 -1.0 -1.5 -1.0 -1.5 -2.0 -2.5 

i — 1 — 1 — < — i — • — i — i — i — 1 — i — ' —— - • 1  1 ' 1 ' r~ 

1.00 0.5 0.0 -0.5 -1.0 -1.5 -1.0 -1.5 -2.0 -2.5 

Voltss vs Fc/Fc+ 

Figuree 4.5 Cyclic voltammograms showing the oxidation of 1 (A) and 2 (C) and the reduction of 1 (B) 

andd 2 (D) in butyronitrile solutions at 213 K. 

4.4.44 Redox properties and reactivity 

Thee complexes 1 and 2 were the subject of a (spectro)electrochemical study. Cyclic 

voltammogramss were recorded at variable temperatures to determine the electrode potentials 
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andd to study the reversibility of the corresponding redox processes (Figure 4.5, Table 4.4). 

Thee nature of the redox products was investigated by IR-spectroelectrochemistry. The 

spectroscopicc data are collected in Table 4.5. 

Tablee 4.4 Reduction and oxidation potentials (V vs Fc/Fc+) 

compound d 

1 1 
1 1 

2 2 

2 2 

[Ruu {RuCp(CO)2}  2(CO)2(iPrDAB)]H 

[RuCp(CO)2]2 2 

[RuCp(THF)(CO)2]
+ + 

[RuCp(CO)2r r 
[Ru(SnPh3)2(CO)2(iPrDAB)] ] 

[Ru(SnPh,)(CO)2(iPrDD AB )]" 

£p.aa A£D 

-1.98 8 

-1.89b b 

-2.04 4 

-2.11 1 

-2.57 7 

-1.47 7 

-1.91 1 

0.16 6 

0.17 7 

0.06 6 

-0.09 9 

0.24 4 

0.37 7 

-1.27 7 

0.34 4 

-1.07 7 

0.07 7 

0.06 6 

conditions s 

THF/2933 K 

nPrCN/213K K 

THF/2933 K 

nPrCN/213K K 

nPrCN/213K K 

THF/2933 K 

THF/2933 K 

THF/2933 K 

THF/2933 K 

reference e 

thiss work 

thiss work 

thiss work 

thiss work 

thiss work 

thiss workc 

thiss workc 

thiss workc 

5 5 

5 5 

'anodicc process, A£p(Fc/Fc+) = 0.06 V; bA£p = 0.12 V; cthe 

[RuCp(CO)2]22 in THF was studied independently by 

spectroelectrochemistry.. Literature data in refs 31'32. 

redoxx behaviour of the dimer 

cyclicc voltammetry and IR 

Att room temperature the oxidation of 1 is chemically completely irreversible in THF. 

However,, at 213 K in butyronitrile two oxidation waves became apparent, with the first 

oxidationn process (01) being partly reversible (/e//a = 0.7) on the voltammetric timescale at 

thee scan rate of 100 mV/s (Figure 4.5A). The following anodic step (02) is completely 

irreversible.. The fact that the step 01 was found more than 150 mV more negatively than that 

off  [Ru(SnPh3)2(CO)2(iPr-DAB)]5 indicates that the oxidation of 1 is significantly located on 

thee [RuCp(CO)2] moiety. 

Oxidizingg 1 at 01 led to the appearance of four bands in the IR carbonyl-stretching 

region.. The product formation was independent of the temperature employed. The primary 

one-electronn oxidized product detected at RR1 (Figure 4.5A) at 213 K by cyclic voltammetry, 

iss not detectable on the spectroelectrochemical timescale of seconds to minutes. Of the four 

bands,, those at 2079 and -2030 cm"1 are attributed to [RuCp(nPrCN)(CO)2]
+, in accordance 

withh both the literature values of 2090 and 2044 cm-1 for [RuCp(MeCN)(CO)2]
+ in CH2C12 '

9 

andd with the observation that upon electrochemical oxidation of [RuCp(CO)2]2 in nPrCN a 

productt with identical v(CO) wavenumbers was formed (Table 4.5). The two remaining 
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bandss (2042 and 1987 cm"1) must be due to [Ru(SnPh3)(nPrCN)(CO)2(iPr-DAB)]+, as their 

wavenumberss are close to the values found for [Ru(OTf)(SnPh3)(CO)2(iPr-DAB)] (2040 and 

19811 cm" in THF). Taking these data into account, we propose the following oxidation path 

forr 1: initially, the unstable radical cation (l** ) is formed, which rapidly splits to give the five-

coordinatee [Ru(SnPh3)(CO)2(iPr-DAB)]" radical and the [RuCp(nPrCN)(CO)2]
+ cation. The 

formerr species binds a solvent molecule and converts to the corresponding cation in a second 

oxidationn step. On the reverse scan, small cathodic peaks were observed (RR2, Figure 4.5A), 

butt the corresponding processes were not investigated in detail. 

Tablee 4.5 IR-spectroelectrochemical data of reduction (THF, room temperature) and oxidation 

(nPrCN,, 193 K) products. 

compoundd v(CO) (cm ') conditions reference 

11 1992m, 1958s, 1930s, 1913w nPrCN/193 K this work 

11 1992m, 1969s, 1932s, 1916w THF/293 K this work 

22 1989w, 1965s, 1946s, 1924s, 1910sh, nPrCN/193 K this work 

1897w w 

22 1992w,1967s,1946s,1926s,1915sh, THF/293 K this work 

1893w w 

[RuCp(nPrCN)(CO)2]
++ 2079,2031 nPrCN/193 K this work 

[RuCp(MeCN)(CO)2]
++ 2090,2044 CH2Cl2/293 K 19 

[RuCp(CO)2]""  1887,1801 THF/293 K this work 

[Ru(SnPh3)(nPrCN)(CO)2(iPrDAB)]++ 2041,1987 nPrCN/193 K this work 

[Ru(SnPh3)(OTf)(CO)2(iPrDAB)]]  2040,1981 THF/293 K 10 

[Ru(SnPh3)(CO)2(iPrDAB)rr 1924,1856 THF/293 K 5 

[Ru{RuCp(CO)2}2(CO)2(iPrDAB)]+**  2021 w, 1997s, 198ls,l962s, 1930w nPrCN/193 K this work 

[Ru(nPrCN)2(CO)2(iPrDAB)]2++ 2116,2060sh nPrCN/193 K this work 

[Ru{RuCp(CO)2}(CO)2(iPrDAB)rr 1927,1847 nPrCN/193 K this work 

Thee oxidation of 2 is completely irreversible in THF at room temperature. However, at 

2133 K in butyronitrile at a v > 100 mV/s the first oxidation process (01) is completely 

reversible,, as indicated by A£p = 61 mV and /c//a = 1 (Figure 4.5C). For equimolar solutions 

off  1 and 2 virtually the same anodic current was observed at £a(01) at 213 K. Considering 

similarr values for the diffusion coefficients of 1 and 2, this reveals that also the oxidation of 2 

att low temperatures is a one-electron process. Indeed, the initial oxidation product of 2 

observedd in the corresponding IR-spectroelectrochemical experiment in nPrCN at 193 K 
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exhibitss a v(CO) pattern very close to that of the parent compound 2, but shifted by ca. 35 

cm-11 to larger wavenumbers (v(CO) at 2021, 1997, 1981, 1962 and 1930 cm"1, Figure 4.6). 

Thiss points to a similar molecular structure of the one-electron oxidized product compared to 

thatt of neutral 2. It is therefore concluded that at low temperatures the one-electron oxidized 

productt [Ru{RuCp(CO)2h(CO)2(iPr-DAB)]+*  is stable both on the voltammetric and the 

spectroelectrochemicall  time scales. This is the first time that a stable radical cation has been 

spectroscopicallyy characterized for complexes [Ru(Li)(L2)(CO)2(oc-diimine)], albeit at low 

temperatures. . 

22000 2100 2000 1900 
Wavenumberss (cm'1) 

1800 0 1700 0 

Figuree 4.6 IR spectral changes upon oxidation of 2 in butyronitrile at 193 K. The insets are the parent 

compoundd (A), the corresponding radical cation (B) and the secondary oxidation products 

[Ru(nPrCN)2(CO)2(iPrDAB)]2++ and [RuCp(nPrCN)(CO)2]
+, indicated by x and o, respectively (C). 

Thee asterisk denotes a small [RuCp(CO)2]2 impurity in the starting compound. 

Thee second anodic step of 2 (02) became separated from the reversible 01 step at 213 

K,, but remained completely irreversible (Figure 4.5C). The corresponding oxidation of 2+", 

followedd in situ by IR-spectroscopy at 193 K produced species with v(CO) at 2116, -2060 

andd 2079, 2030 cm"1. The latter two bands are again attributable to [RuCp(nPrCN)(CO)2]
+, 

whilee the former two bands must be due to a highly positively charged species, e.g. 
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[Ru(nPrCN)2(CO)2(iPr-DAB)]2+.. The secondary oxidation products of 2**  were reduced back 

att RR2, resulting in a mixture of the parent complex 2 and [RuCptCOhk-

Inn THF at room temperature, the irreversible reduction of 1 at Rl (see Table 4.4) 

producedd the IR-detectable anions [Ru(SnPh3)(CO)2(iPr-DAB]" (v(CO) at 1924 and 1855 

cm"1)55 and [RuCp(CO)2]" , (v(CO) at 1887 and 1801 cm"1, close to the literature data20). In 

additionn to these main bands a smaller v(CO) peak arose at 1782 cm"1. This peak can be 

assignedd to the dimer [RuCp(CO)2k, its remaining peaks being hidden under the other v(CO) 

bandss (see Table 4.4). The reduction path of 1 is therefore proposed to involve initially an 

unstablee radical anion, which rapidly falls apart into the stable [Ru(SnPh3)(CO)2(iPr-DAB]~ 

anionn and the [RuCp(CO)2]' radical (see Scheme 4.2). The latter species partly dimerizes, but 

itss majority is reduced to the [RuCp(CO)2]" anion at the reduction potential of 1. The fact that 

thee latter reduction potential is similar to that of [Ru(SnPh3)2(CO)2(iPr-DAB)]5 indicates that 

reductionn takes place primarily on the Ru(iPr-DAB) moiety. 

Thee radical anion 1"" could only be detected by cyclic voltammetry in butyronitrile at 

sufficientlyy low temperatures (Figure 4.5B). At 213 K the reduction of 1 is a chemically partly 

reversiblee one-electron process with ljl c = 0.78 at v = 100 mV/s (see Figure 4.4B). The final 

reductionn products [Ru(SnPh3)(CO)2(iPr-DAB]~ and [RuCp(CO)2r are oxidized at similar 

electrodee potentials (Table 4.4). Therefore, on the reverse anodic scan the oxidation of the two 

anionss cannot be distinguished and appears as a single anodic peak (R02) at -1.18 V (THF, 

roomm temperature) and -1.00 V vs Fc/Fc+ (butyronitrile, 213 K, Figure 4.5B). IR 

spectroelectrochemistryy revealed that reoxidation of both anions at room temperature at R02 

mainlymainly regenerates the parent complex 1. In addition a minor amount of the dimer 

[Ru(SnPh3)(CO)2(iPr-DAB]22 was produced at the end of the reoxidation. Obviously, 

[Ru(SnPh3)(CO)2(iPr-DAB]""  was present in a small excess in the thin solution layer after the 

reductionn and therefore, once all [RuCpfCOh]" had been consumed in the course of the 

parallell  reoxidation, the remaining [Ru(SnPh3)(CO)2(iPr-DAB]" was oxidized to give the 

dimerr via a previously reported ECEC path.5 

Thee reduction of 2 at Rl (Figure 4.5D, Table 4.4) is completely chemically 

irreversiblee at moderate voltammetric scan rates, independent of temperatures between 293 

andd 193 K. Corresponding IR spectroelectrochemical experiments again showed the 

formationn of the [RuCp(CO)2]" anion (v(CO) at 1887 and 1801 cm"1). Two other v(CO) 

bandss observed at 1927 and 1847 cm"1 are tentatively ascribed to the thermally unstable 

[Ru{RuCp(CO)2}(CO)2(iPr-DAB]""  anion. Attempts to prevent its decomposition by carrying 
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outt the reduction of 2 in butyronitrile at 193 K were not successful. Considering the combined 

voltammetricc and spectroelectrochemical results, we conclude that the reduction of 2 initially 

yieldss the radical anion [Ru{RuCp(CO)2}2(CO)2(iPr-DAB)]~*  which rapidly dissociates into 

[Ru{RuCp(CO)2}(CO)2(iPr-DAB]""  and [RuCp(CO)2]* . The latter radical further reduces to 

thee corresponding anion. No dimerization of the latter radical was observed in this case, 

probablyy due to the more negative reduction potential of 2 (see Table 4.4). The former anion 

iss thermally unstable and dissociates into another equivalent of [RuCp(CO)2]~ and 

unidentifiedd carbonyl products. This decomposition also explains the fact that the reverse 

oxidationn at the anodic peak R02 at -1.27 V (THF, room temperature) and -1.06 V vs Fc/Fc+ 

(butyronitrile,, 213 K, Figure 4.5D) only concerns the [RuCp(CO)2]" anion, yielding mainly 

thee [RuCp(CO)2]2 dimer instead of recovering the parent complex 2. 

SnPh3 3 

„X O O 
partlyy chemically reversible at 
loww temperatures 

-e e 

; R U ^ ^ 

T O O 

RuCp(CO)2 2 

[Ru(SnPh3)(RuCp(CO)2)(CO)2(iPr-DAB)]+'' . 

+e e 

partlyy chemically reversible at 
loww temperatures 

fast t 

[Ru(SnPh[Ru(SnPh33)(CO))(CO)22(iPr-DAB)]' (iPr-DAB)]' 
+ + 

[RuCp(nPrCN)(CO)2]
+ + 

[Ru(SnPh3)(nPrCN)(CO)2(iPr-DAB)]+ + 

[Ru(SnPh3)) (RuCp(CO)2) (CO)2(iPr-DAB)]~ 

fastt (at 293 K) 

[Ru(SnPh3)(CO)2(iPr-DAB)]__ + [RuCp(CO)2]' 

+e~ ~ 
V2V2 [RuCp(CO)2]2 - + e 

«"I I 
[Ru(SnPh3)(CO)2(iPr-DAB)]""  +[RuCp(CO)2] 

-2e~ ~ 

Schemee 4.2 Reduction and oxidation pathways of 1 in nPrCN. 

Thee redox behaviour of the complexes 1 (Scheme 4.2) and 2 (Scheme 4.3) differs 

considerablyy from that of the complexes [Ru(Li)(L 2)(CO)2(iPr-DAB)] (L,, L2 = GePh3, 

SnPh3,, PbPh3; not all combinations were investigated) previously studied in our laboratory.5 

Thee latter complexes are reduced reversibly even at room temperature, producing fairly stable 

radicall  anions. In contrast, their oxidation is completely irreversible in the temperature range 

available.. Apparently, coordination of the SnPh3 axial ligands contributes significantly to the 
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stabilityy of the radical anion, mainly due to the strong derealization of the SOMO over the 

(Ph3Sn)2Ru(iPr-DAB)) moiety and also due to the strong Ru-Sn bond.1 On the other hand, the 

[RuCp(CO)2]]  units exert a stabilizing influence on the radical cation, where the 7t-donor Cp-

ringss compensate for the reduced electron density on the axial ruthenium atom(s), compared 

too the neutral precursors. This property of Cp-rings has been recognized e.g. in the complexes 

[RuCpX(iPr-DAB)]]  (X = CI, OTf, r|2-ethene, py).21 

reversiblee at low 
temperaturess _e 

[Ruu {RuCp(CO)2}  2(CO)2(iPr-DAB)f 

-e e 

• • 
[Ru(nPrCN)2(CO)2(iPr-DD AB)] 

++ [RuCp(nPrCN)(CO)2]
+ 

2+ + 

+2e" " 

[Ru{RuCp(CO)2} 2(CO)2(iPr-DAB)r* * 

fast t 

[Ruu {RuCp(CO)2}  (CO)2(iPr-D AB)f 

++ [RuCp(CO)2]* 

«-) ) 

[RuCp(CO)2r r 
decompositionn products 

Schemee 4.3 Reduction and oxidation pathways of 2 in nPrCN. 

4.55 Conclusions 

Thee incorporation of strongly donating [RuCp(CO)2] group(s) as axial ligand(s) in 

[Ru(Li)(L2)(CO)2(iPr-DAB)]]  yields complexes with a relatively high-lying G ( L I - R U - L 2 ) 

HOMO.. This is reflected in relatively negative oxidation potentials of 1 and 2 compared to 

otherr [Ru(Li)(L2)(CO)2(iPr-DAB)] complexes.1, 2 As a further consequence the emission 

shiftss to the near infrared (NIR) spectral region, with lifetimes in the order of 10 (is at 80 K. 

Thiss property is very interesting from the viewpoint of the potential use of this type of 

complexess as NIR emitting labels.22"25 However, the photochemical reactivity of the studied 

complexes,, which involves homolytic cleavage of a Ru-Ru bond as the primary photoprocess, 

presentss a serious obstacle for such applications. The [RuCp(CO)2] group(s) also split off 

uponn electrochemical reduction and oxidation of the complexes. The most remarkable 

differencee between the redox behaviour of 1 andd 2 in comparison with the previously studied 
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[Ru(Li)(L2)(CO)2(iPr-DAB)]]  complexes5 is the stabilizing influence of the [RuCp(CO)2] 

groupss on the one-electron-oxidized products. 
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