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Abstract 

The preparations of the 2,5dimethoxyphenyl-, paru-hydroquinonyl- and para-benzoquinonyl- 
tetraphenylcyclopentadienyl complexes [($-*CpQMQ)Ru(CO)(L)Br] (2: L = CO, 5: L = PPh,), [($- 
*CpQH,)Ru(CO)(L)Br] (3: L=CO, 6: L= PPh,) and [(n5-tCpQ)Ru(CO)(L)Br] (4: L=CO, 7: L= 
PPhs) are described. It is demonstrated that the puru-benzoquinonyl/hydroquinonyl-substituted com- 

plexes support substituent-centred electron and proton transfer reactions. 

Although cyclopentadienyls can stabilise metals in both high and low oxidation 
states, they generally are “innocent” ligands and do not take part in the reactivity of 
a complex [1,2 * 1. One way of complementing and perhaps enhancing the reactivity 
displayed by a particular cyclopentadienyl complex is to add either a chemically 
active or an electrochemically active pendant substituent to the cyclopentadienyl 
ligand. paru-Benzoquinones are universally used as hydrogen acceptors and along 
with their redox derivatives ( para-benzosemiquinones and para-benzohydro- 
quinones) form perhaps the simplest of organic electron transfer cycles [3]. In this 
communication we describe the synthesis of a cyclopentadienyl ligand substituted 
by paru-benzoquinone, and demonstrate that its ruthenium carbonyl complexes can 
act as electron and/or hydrogen acceptors. 

Scheme 1 summarises our synthetic results [4*]. All compounds are completely 
characterised by their analytical and spectroscopic data. Ligand 1 was synthesised 
by simple modification of the established methodology for ‘CpBr [5,6]-1,4-di- 
methoxybenzene was directly monolithiated with one equivalent of “BuLi and 
tetramethylethylenediamine (TMEDA) in diethylether, the resultant 1-lithio-2,5-di- 
methoxybenzene treated with tetraphenylcyclopentadienone to give the alcohol 
*CpQMe,OH, and this reacted with 48% HBr to give 1 (*CpQMe,Br) in 54% overall 

* Reference number with asterisk indicates a note in the list of references. 
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yield. The ‘H and ‘3C{‘H}-NMR data for 1 revealed that it was isolated as the 
mixture of isomers arising from bromine substitution at the three inequivalent 
cyclopentadienyl ring positions [7 *]. Reaction of three equivalents of 1 with 
[Ruj(CO)rZ] in toluene heated at reflux *gave [($-*CpQMe,)Ru(CO),Br], 2, in 67% 
yield (Scheme 1). A variable temperature ‘H-NMR study of 2 (Fig. 1) clearly 
demonstrates that the 2,Sdimethoxyphenyl substituent rotates on the NMR time- 
scale (models show that the o&o-methoxy group can point either away from or 
towards the ruthenium atom) [7*]. Two pairs of methoxy peaks (at 6 3.63, 3.07 ppm 
and 6 3.24, 3.15 ppm with - 4 : 1 integrated intensity ratio) were found in the static 
limiting spectrum obtained below 260 K. These peaks broadened on warming until 
coalescence was observed at 340 K. Accompanying changes were also observed in 
the phenyl region of the ‘H-NMR spectra. The molecular structure of 2 has been 
determined by an X-ray crystal structure analysis [8*]. It confirms that 2 crystallises 
with the o&o-methoxy groups orientated away from the ruthenium atom in the 
solid state (Fig. 2). The dihedral angles between the cyclopentadienyl ring and the 
phenyl substituents (clockwise in Fig. 2a from the 2,Sdimethoxyphenyl substituent) 
are 43.5”, 59.8”, 48.0 o compared to a dihedral angle of 74.9” between the 
2,5_dimethoxyphenyl substituent and the cyclopentadienyl ring. 

“Deprotection” of the methoxy groups in 2 was readily effected by BBr, in 
dichloromethane to give the hydroquinonyl-substituted complex [( T$- 

*CpQH,)Ru(CQ) *Br], 3, in 78% yield [7 * 1. The hydroquinonyl complex 3 was 
sparingly soluble in CH,Cl, but very soluble in MeOH whereas 2 was insoluble in 
MeOH and very soluble in CH,Cl,. In infrared spectra of 3 P(CO) bands were 
observed at 2054 and 2006 cm-’ and v(OH) bands were found at 3422 and 3295 
cm-‘. Interestingly, interconversion between the two rotamers arising from the two 
possible orientations of the hydroquinonyl ring (ie. with the ortho-OH group either 
oriented away or towards the ruthenium atom) was not observed in the ‘H-NMR 
spectrum of 3. Apart from the phenyl multiplets, peaks were found for the 
hydroquinonyl ring protons of both rotamers in the region 6 6.75--6.17 ppm as well 
as four distinct but broader hydroquinonyl OH proton resonances at 6 5.50, 4.98, 
4.24 and 4.08 ppm [9 * 1. 

Oxidation of 3 with dichlorodicyanoparabenzoquinone (DDQ) cleanly gave the 
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Fig. 1. Variable temperature ‘H-NMR spectra of [($-*CpQMe)Ru(C0)2Br] (2) in toluene-d, (300 
MHz, the signals at S 7.0 and - 4.3 ppm are due to protic impurities in the toluene-d, solvent and to 
CH,Cl, of crystallisation, respectively). 

para-benzoquinonyl-substituted complex [($-*CpQ)Ru(CO),Br], 4 [7*]. At am- 
bient temperature, the high temperature average ‘H-NMR spectrum of the two 
rotamers of 4 is obtained. Comparison of the ‘H-NMR data for 2-4 suggest that 
rates of rotation of the cyclopentadienyl substituents increase in the order: 4 < 2 < 3. 
The solution infrared spectrum of 4 showed Y(CO) bands at 2057, 2009 cm-’ 
(carbonyl ligands) and a third band at 1669 cm-’ (quinonyl C=Q stretch). The 
minor perturbation in v(C0) frequencies for the carbonyl ligands (- 3 cm-‘) on 
going from “ electron-rich” hydroquinonyl-substituted 3 to “electron-poor” para- 
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Fig. 2. (a) The molecular structure of [($-*C~QM~,)RU(CO)~B~] (2) with atom labelling. (b) View of 2 

emphasising the orientation of the 2,5dimethoxyphenyl substituent with respect to the cyclopentadienyl 

ring (phenyl groups deleted for clarity). Selected bond distances (A) and angles (“): Ru-Br 2.531(2), 

Ru-C(1) 2.234(10), Ru-C(2) 2.228(10), Ru-C(3) 2.228(10), RwC(4) 2.253(10), Ru-C(5) 2.222(10), 
Ru-C(38) 2.095(14), Ru-C(39) 1.966(15); Br-Ru-C(1) 110.0(2), Br-Ru-C(38) 82.8(2), Br-Ru-C(39) 

89.7(4), C(l)-Ru-C(39) 103.2(4), C(38)-Ru-C(39) 89.1(7), C(5)-C(l)-C(2) 109.4(S), C(2)-C(l)-C(6) 
123.9(S), C(5)-C(l)-C(6) 125.3(9). 

Bl 
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benzo-quinonyl-substituted 4 suggests that there is little electronic delocalisation 
between the cyclopentadienyl and quinonyl/ hydroquinonyl moieties and is con- 
sistent with each molecule having orthogonal redox centres (ie. the quinonyl/ 
hydroquinonyl substituent is perpendicular to the cyclopentadienyl ring) [lo * I. 
Shaking a dichloromethane solution of 4 with aqueous sodium dithionite gave back 
3 in almost quantitative yield. Cyclic voltammograms of 4 in 1,2-dichloroethane (0.2 
M “Bu,NPF,) showed a fully reversible one-electron reduction at -0.36 V (vs. 
Ag/AgCl) [ll* 1, which may be confidently assigned to the one-electron reduction 
of the pendant quinonyl moiety to its semiquinone. (For comparison, the corre- 
sponding benzoquinone/ benzosemiquinonyl radical anion couple measured under 
the same conditions was -0.53 V. Also, 2 is electrochemically inactive between 
+ 1.42 V and -1.37 V [7*,12].) Thus, both a chemically reversible 2e-, 2H+ 
reduction to the hydroquinone and an electrochemically reversible one-electron 
reduction to the semiquinonyl radical anion can be effected in the pendant quinone 
substituent. 

Connelly and Manners recently reported that in the ‘Cp analogue of 2-4 (i.e. 
[( n5-+Cp)Ru(CO),Br]) carbonyl substitution by phosphines stabilises the Rum/ Run 
couple [12]. Therefore, the triphenylphosphine derivatives of 2-4 were also prepared 
in order to probe for intramolecular interactions between ruthenium and pendant 
redox centres. No reaction occurred when 2 was heated with excess triphenylphos- 
phine in toluene at reflux [13*]. However, the phosphine-substituted complex 
[($-*CpQMe,)Ru(CO)(PPh,)Br], 5, was readily obtained by treating 2 in dry 
dichloromethane with an equivalent of anhydrous Me,NO followed by an equiv- 
alent of triphenylphosphine (Scheme 1). The analogous reaction of 4 gave a 
surprisingly good yield (76%) of the phosphine-substituted quinonyl complex [(n5- 

* CpQ)Ru( )( CO PPh,)Br], 7 (Scheme 1). None of the products expected from compli- 
cations such as nucleophilic attack on the pendant quinone by triphenylphosphine 
or released trimethylamine were observed [14*]. The phosphine-substituted hydro- 
quinonyl complex [( n5-*CpQH2)Ru(CO)(PPh3)Br], 6, was obtained in near quanti- 
tative yield by shaking a solution of 7 in dichloromethane with aqueous sodium 
dithionite (Scheme 1). Fluxional behaviour arising from equilibration of rotamers on 
the NMR timescale was also observed in the respective ‘H-NMR spectra of 5 and 7 
[7*]. Cyclic voltammograms of 5 in 1,ZdichIoroethane (0.2 M “Bu,NPF,) revealed 
the expected metal-centred, reversible one-electron oxidation at + 1.03 V (vs. 
Ag/AgCl) [13*]. The cyclic voltammograms of 7 were characterised by two reversi- 
ble one-electron processes at + 1.19 V and - 0.50 V, which correspond to oxidation 
of the ruthenium centre and to reduction of the quinonyl moiety, respectively. The 
shifts in the Rum/Run couple of 7 to more positive potential than that of 5 and in 
the benzoquinone/semiquinone couple of 7 to more negative potential than that of 
4 are consistent with the mutual perturbation of the linked “electron-rich” ruthenium 
and “electron-poor” quinonyl centres in 7 on each other. Another interesting and 
immediately obvious property of 7 is the intense, almost black colour of its crystals 
and solutions (2-6 are all pale orange-yellow). In visible spectra recorded in 
dichloromethane solution intense bands were observed at 480 and 560 nm for 7 
whereas 2-6 remained transparent over this region. These visible absorptions in 7 
are most readily ascribed as charge transfer bands arising from electron transfer 
from the oxidisable ruthenium centre to the reducible quinonyl centre. 

In conclusion, we have shown that organoruthenium complexes with a para-ben- 
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zoquinonyl-substituted cyclopentadienyl ligand, 11 5-*CpQ, can be readily synthe- 
sised and that the redox chemistries of these complexes are enhanced by the 
quinonyl substituent. Currently, we are extending the coordination chemistry of 
*CpQ to other transition metals and are investigating intramolecular oxidations of 
coordinated substrates by the pendant quinone in selected examples of these 
q5- * CpQ complexes. 
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