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ligand is as compatible as carbonyl or phosphine with 
catalytic activity. The effect of counterion variation on 
cyanometallate stability, i.e., 2a vs. 2c, is consistent with 
other observations from this laboratory;16 the causes of 
these counterion effects are not well understood, however, 
and are worthy of further study. Perhaps most impor- 
tantly, this work emphasizes that organometallic cyanide 
chemistry in aprotic solvents is possible. This is not a 
trivial point. There are few previous studies of the re- 
activity of organocyanometalates in aprotic solvents and, 
to our knowledge, none in which one low-valent organo- 
cyanometalate was converted to another (i.e., 1 - 2). 
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Summary: Nucleophilic substitution reactions on cate - 
na - [ Ru(CO)AO,CCH,)] with isocyanides provide synthetic 
routes to the dinuclear ruthenium( I) complexes [ Ru2- 

derivatives of the unknown d7-d7 dimer [RU,(CO),~] '+. 
The X-ray crystal structures of [RUAcO)AcKtBU),](PF,), 
and [RUp(CNCH,C,H,),0](PF,), have been determined. 

Homoleptic metal isocyanide complexes and complexes 
which contain predominantly isocyanide ligands are sur- 
prisingly rare when compared to the diversity of metal 
carbonyl complexes k n o ~ n . l - ~  Why this is so is still not 
clear, but it can probably be related to the different steric 
and electronic properties of the isocyanide ligand when 
compared to the carbonyl ligand. We have recently begun 

(CO)~cN-t-BU),](ff,),, [Ru&OKCNRkI (PF& and [RU2- 
(CNR)1,](PF& (R = C&&H2, 2,6-Me2C,H,) which are 

On study leave from the Department of Chemistry, University 

(1) Singleton, E.; Oosthuizen, H. E. Adu. Organomet. Chem. 1983,22, 
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(3) Treichel, P. M. Adu. Organomet. Chem. 1973,11, 21. Bonati, F.; 

of South Africa, Pretoria. 
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investigating the chemistry of the polymeric ruthenium(1) 
complexes ~atem-[Ru(C0)~(0~CR)]* and of the dinuclear 
osmium(1) complexes [{OS(CO)~(O~CR))~]~ as precursors 
to ruthenium(1) and osmium(1) chemistry. Herein we 
report on the reactions of ca ten~-[Ru(C0)~(0~CR)]  with 
isocyanides in labilizing alcohol solvents which produce 
rare examples of dinuclear homoleptic isocyanide com- 
plexes and provide the first rational5 synthetic route to 
derivatives of the unknown [M2(CO)l,,]2+ (M = Fe, Ru, Os) 
dicationic dimers. Confirmatory X-ray structure deter- 
minations on two of these salts have been carried out. 

The new dinuclear ruthenium(1) complexes are prepared 
by treating a suspension of the polymer catena-[Ru- 
(C0),(O2CCH3)] (1) in refluxing ethanol with an excess of 
isocyanide (typically a 6: 1 is0cyanide:ruthenium molar 
ratio), followed by precipitation with NH4PF6. Short re- 
action times (<lo min) produce the salts [Ru,(CO),(CN- 
~-Bu)BI(PF& (2) and [Ru~(CO)(CNR)~I(PF~)~ (3, R = 
C6H5CH2; 4, R = 2,6-Me2C6H3), whereas more prolonged 
reaction times (72 h) have been found to yield the homo- 
leptic dimers [RU~(CNR),~] (PF~)~ (5, R = CeHbCH,; 6, R 
= 2,6-Me2C6H35). Complexes 3 and 4 convert on heating 
with isocyanide to 5 and 6, but we have found no evidence, 
under either thermal or photochemical conditions, for the 
further substitution of 2 by isocyanide. 

Lower substituted dinuclear cations have not been ob- 
served in the reactions of 1 with isocyanides in alcohol 
solvents even with stoichiometric additions of isocyanide. 
What is observed in these reactions though is the complete 
consumption of isocyanide with a corresponding partial 
conversion of 1. The process by which 1 reacts with iso- 
cyanide in alcohol possibly occurs via a combination of 
routes involving depolymerization of dimeric Ru(1) units 
by either isocyanide6 or solvent  molecule^^^^ giving soluble 
[{Ru(CO),L(O2CCH3)],] complexes, and the labilization1° 
of the acetato ligands in such species to give cationic in- 
termediates of the type [Ru2(CO),L,(02CCH3)]+ or 
[RU~(CO),L,]~+. The effects of the positive charge residing 
on such intermediates would be expected to favor sub- 
stitution of carbonyl ligands by the more nucleophilic 
isocyanide ligands, thus leading to high levels of substi- 
tution. 

Complexes 2-6 exhibit in solution an unusual spectrum 
of stereochemical flexibility. For 4 and 6 single methyl 

(4) Crooks, G. R.; Johnson, B. F. G.; Lewis, J.; Williams, I. G.; Gamlen, 
G. J. Chem. SOC. A 1969, 2761. 

(5) We have recently also obtained the cation [Ru2(CNC6H3Me- 
2,6)1012* as a byproduct of melting [(?',s2-CBH13)Ru(CNC~H3Mez-2,6)~]- 
PFB. The X-ray cryatal structure of [RU~(CNC~H,M~~-~,~)~~](BP~S~ has 
been determined showing this molecule to possess an eclipsed configu- 
ration of isocyanide ligands and a ruthenium-ruthenium bond of 3.003 
A: Chalmers, A. A.; Liles, D. C.; Meintjies, E.; Oostbuizen, H. E.; Pre- 
toriua, J.; Singleton, E. J. Chem. Soc., Chem. Commun. 1985, 1340. 

(6) Neutral complexes of the type [(Ru(C0)2L(0zCCH3))z] (L = donor 
ligand) can be obtained directly from 1 by reaction in solvents such as 
benzene or diethyl ether. Lewis and co-workers' have obtained an ex- 
tensive series of phoephine-substituted products in this way. 

(7) T h e  polymer 1 is Boluble in donor solvents such as acetonitrile and 
dimethyl sulfoxide from which the labile complexes [(Ru(CO)~(SO~- 
~ e n t ) ( 0 ~ C C H & ~ ] ' ~ ~  can be isolated. In ethanol this solvolysis reaction 
does not occur as readily, but warming of 1 in ethanol does produce a 
slight yellow coloration, suggesting the formation of similar species. 

(8) Albers, M. 0.; Singleton, E., unpublished observations. 
(9) Complexes of the type [{Ru(CO)2(solvent)(0zCCH3)}2] have been 

founds to react readily with ligands L to give as products [(Ru(CO),L- 
(OZCCH3)),]. Indeed, addition of t-BuNC to the pale yellow solution 
obtained by heating 1 in ethanol' gives [(RU(CO)~(CN-~-BU)(~~CCH~)I~~, 
providing evidence for the formation of solvolyzed dinuclear Ru(1) species 
in ethanol. 

(IO) We have found that alcohol solvents are particularly effective at  
promoting cation formation. When reactions are carried out in solvents 
such as toluene, heptane, or tetrahydrofuran, a range of neutral substi- 
tution products are obtained. These will, however, be discussed in more 
detail elsewhere. 
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resonances at  303 K are observed, indicating a dynamic 
exchange process which equilibrates the axial and the 
equatorial ligands. The slow-exchange limit is reached for 
6 at 283 K when the isocyanide methyl resonances are 
observed at  2.22 and 2.03 ppm in the expected 1:4 ratio. 
Thus 4 and 6 provide rare examples of stereochemical 
nonrigidity in dinuclear complexes containing six-coor- 
dinate metal atoms and monodentate ligand5.l’ Complex 
5 is, on the other hand, stereochemically rigid at  room 
temperature as regards the exchange of axial and equa- 
torial ligands, and the expected 1:4 ratio of both methylene 
and arene signals is observed a t  303 K. The high-field 
(500-MHz) ‘H NMR spectrum of 2 contains five methyl 
resonances in the range 1.61-1.69 ppm. On cooling, the 
number of signals increases until at  the limit of the tem- 
perature range (193 K), 14 major resonances are observed. 
The narrow range (0.2 ppm) in which these resonances 
appear has prevented an interpretation of these changes 
except to conclude that the dimeric structure is probably 
retained in solution because of the absence of any tem- 
perature-dependent chemical shifts or line width broad- 
ening. We can only speculate that the large number of 
methyl resonances at low temperature represents a number 
of isomers in dynamic equilibrium together with the 
possibility of nonequivalent methyl groups on individual 
equatorial isocyanide ligands arising from restricted ro- 
tation in the molecule (vide infra). 

In order to evaluate factors such as restrictions in the 
rotation of tert-butyl groups and the steric constraints to 
higher substitution, the X-ray crystal structure of 2 has 
been determined.12 Further, as part of a s tud9  to define 
cone angle limits to homoleptic dimer formation the 
structure of 5 has also been determined.12 

The dimeric cations of 2 (Figure 1) and 5 (Figure 2) both 
lie across a crystallographic twofold axis with the two 
halves of each molecule linked only by a ruthenium-ru- 
thenium bond (2,2.886 (2) A; 5,2.904 (1) A). The carbonyl 
ligands in 2 are located in the equatorial plane of each 
ruthenium atom and lie in an anti configuration about the 
ruthenium-ruthenium bond. The equatorial ligands in 
both halves of the cations of 2 and 5 adopt a staggered 
conformation with C-Ru-Ru-C dihedral angles in  the 
range 42.4 (6)-50.5 (6)’ for 2 and 38.2 (5)-49.9 ( 5 ) O  for 5. 
This staggered arrangement is probably a gross reflection 

(11) Einstein, F. W. B.; Jonea, T.; Pomeroy, R. K.; Ruahman, P. J. Am. 
Chem. Soc. 1984,106,2707. 

(12) Crystal data for 2: C12H72F12NBOZP2R~2, M, = 1181.16. The 
crystals are monoclinic, space group C2/c, with a = 25.226 (5) A, b = 

= 1.237 Mg m” for Z = 4. Cell parameters and intensity data were 
measured on a Philips PWllOO four-circle diffractometer with gra- 
phite-crystal-monochromatized Mo Ka radiation (A = 0.710 69 A) using 
a crystal of dimensions 0.30 X 0.15 X 0.15 mm. Crystal data for 5: 
C&7,,N,d’2Fl~Ru2, M, = 1663.57. The crystals are monoclinic, space 
group C2/c, w t h  a = 27.731 (9) A, b = 15.674 (3) A, c = 19.206 (5) A, 6 
= 111.33 (3)O, U = 7776.16 A3, and D d  = 1.42 Mg m-3 for Z = 4. Cell 
parameters and intensity data were measured on an Enrd-Nonius CA- 
D4F diffractometer with graphite-crystal-monochromatized Mo Ka ra- 
diation using a crystal of dimensions 0.48 X 0.22 X 0.15 mm. Data were 
corrected for absorption and crystal decay. The structures were solved 
by Patterson and difference electron density synthesis methods and were 
refmed by using Shelx13 to current R factors of 0.0777 for 307 parameters 
and 2896 reflections with F, 5 44FJ for 2 and 0.0681 for 448 parameters 
and 3422 reflections with F, 5 4a(FJ for 5. The relatively high R factors 
and a number of abnormally high carbon and fluorine atom temperature 
factors indicate a considerable degree of disorder within the t-Bu and PF, 
groups in 2 and the phenyl and PF6 groups in 5. Refinements in space 
groups with reduced symmetry requirements, for example, Cc or C2 (with 
two independent half molecules in the asymmetric unit) yielded no sig- 
nificant improvements in either the R factors or the high-temperature 
factors for either structure and produced geometries for the two com- 
plexes which were essentially similar to thoee obtained from the C2/c 
refinements. Models for the disorder are under investigation. 

(13) Sheldrick, G. M. Computing in Crystallography; Delft University 
Press: Delft, Holland, 1978; pp 34-42. 

13.164 (3) A, c = 19.142 (4) A, fi  = 93.88 (2)’, U = 6342.0 A’, and D d d  

n 

Figure 1. A perspective view of the dimeric cation of 2 showing 
the atom numbering h e m e .  Selected bond lengths (A) and angles 
(deg): Ru-Ru’ = 2.886 (2), Ru-C(l) = 1.89 (2), Ru-C(2) = 2.03 
(l), Ru-C(3) = 1.99 (l), Ru-C(4) = 1.99 (l), Ru-C(5) 2.00 (l), 
C(1)-0(1) = 1.15 (2), C(2)-N(2) = 1.13 (2), C(3)-N(3) = 1.16 (2), 
C(4)-N(4) = 1.13 (2), C(5)-N(5) = 1.15 (2), Ru’-Ru-C(l) = 85.1 
(3), Ru’-RuC(%) = 86.0 (3), Ru’-Ru-C(~) = 90.5 (3), Ru’-Ru-C(~) 
= 92.4 (3), Ru‘-Ru-C(~) = 174.1 (3). 

Figure 2. A perspective view of the dimeric cation of 6 showing 
the atom numbering acheme. Seleted bond lengths (A) and angles 
(deg): Ru-Ru’ = 2.904 (11, Ru-C(l) = 1.968 (9), Ru-C(2) = 1.99 
(11, Ru-C(3) = 1.99 (l), Ru-C(4) = 1.99 (l), Ru-C(5) = 1.98 (l), 
C(l)-N(l) 1.16 (l), C(2)-N(2) = 1.14 (2), C(3)-N(3) = 1.14 (2), 
C(4)-N(4) = 1.13 (2), C(5)-N(5) = 1.17 (l), RU’-Ru-C(l) = 176.6 
(2), Ru’-RuC(~) = 85.0 (2), Ru’-Ru-C(~) = 88.2 (2), Ru’-Ru-C(4) 
= 87.9 (2), Ru’-Ru-C(5) = 88.7 (2). 

of minimized steric interactions between ligands on op- 
posite metal atoms and in this regard must be considered 
to be similar to that observed for the isoelectronic dimers 
[M2(CO),~,,(CNR),] (M = Mn, Re; n = 0-4),1”16 [Co2- 
(CNMe)lo]4+,17 and [M2(CO),o]2- (M = Cr, Mo).18 The 
equatorial ligands in the latter complexes show an overall 

(14) Churchill, M. R.; Omoh, K. N.; Wasserman, H. J. Inorg. Chem. 

(15) Alben, M. 0.; Boeyens, J. C. A.; Coville, N. J.; Harris, G. W. J. 

(16) Harris, G. W.; Boeyens, J. C. A.; Coville, N. J. Organometallics 

(17) Cotton, F. A.; Dunne, T. G.; Wood, J. S. Inorg. Chem. 1964,3, 

(18) Handy, L. B,; Ruff, J. K.; Dahl, L. F. J. Am. Chem. SOC. 1970,92, 

1981,20, 1609. 

O r g a n ” .  Chem. 1984,260,99. 

1986, 4, 914. 
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tendency to bend inward toward the opposite metal atom, 
an effect shown also by all the equatorial ligands in 5 
(Ru'-Ru-C in the range 85.0 (2)-88.7 ( 2 ) O ) ,  but only by 
the carbonyl ligands in 2 (Ru'-Ru-C(l) = 85.1 (3)O), and 
by an equatorial isocyanide ligand cis to each carbonyl 
group (Ru'-Ru-C(2) = 86.0 (3)'). The other equatorial 
isocyanide ligands in 2 bend away from the opposite ru- 
thenium atom (Ru'-Ru-C(3) = 90.5 (3) and Ru'-Ru-C(4) 
= 92.4 ( 3 ) O ) .  Another interesting effect is observed for 5 
where a pair of trans radial isocyanides have the phenyl 
groups bending inward toward the center of the dinuclear 
unit, while the phenyl groups of the other ligand pair are 
bent away from the center of the molecule. In this regard, 
it is noteworthy that the smallest dihedral angles 38.2 (5) 
and 39.2 (5)' each involve ligands on opposite ruthenium 
atoms for which the phenyl groups bend away from the 
center of the dimer. It is thus apparent that in both 2 and 
5, the ligand arrangement reflects reduced steric interac- 
tions not only within each half of the molecules but also 
between each half of the dimers. An examination of the 
nonbonded contacts for 2 and also of space-filing models 
further suggests that the ligand arrangement observed 
crystallographically for 2 represents sterically the best 
possible arrangement and that the dinuclear unit should 
be considered to be sterically saturated. It is thus con- 
ceivable that the low-temperature 'H NMR effects can be 
attributed to nonequivalent methyl groups in individual 
tert-butyl isocyanide ligands, while the introduction of 
further tert-butyl isocyanide ligands is to be considered 
unlikely due to prohibitive steric interactions, thus possibly 
explaining the lack of further substitution of 2. 

In conclusion, it is clear +at the complex catena-[Ru- 
(CO),(O,CCH,)] under suitable experimental conditions 
provides a most unusual synthetic precursor in rutheni- 
um(1) chemistry. We are actively pursuing this further. 
Registry No. 1, 26317-70-4; 2, 101377-32-6; 3, 101377-27-9; 

4,101377-29-1; 5,101377-30.4; 6,101402-180; Me,CNC, 7188-38-7; 

Supplementary Material Available: Tablea of bond lengths, 
bond angles, atomic coordinates, and thermal parameters for 2 
and 5 and tables of analytical and spectroscopic data for 2-6 (43 
pages). Ordering information is given on any current masthead 
page. 

PhCHtNC, 10340-91-7; ~,~-Mc&H~NC, 2769-71-3; Ru, 7440-188. 
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Summy: Controtled potential bulk reductive electrolysis 
of cis-[PtCI,(PPh,),] results in the generation of [Pt- 
(PPh3)*] in solution. This 2coordinate, 144ectron com- 
pound is efficiently trapped by acetylenes, R-R (R = 
Ph, COOMe), to produce [ Pt(PPh3),(R-R)] quantita- 
tiveiy and by oxidative addition addenda (e.g., C6H,COCI, 
MI) to produce the corresponding oxidative addition 
products in high yiekl. No products arising through ligand 
disproportionation, pt(O)/Pt( I I) electron transfer, or ligand 
P-C bond cleavage are produced. 

BkttrlphenyJphorphine" An 

t Permanent address: Department of Chemistry, Adrian College, 
Adrian, Michigan 49221. 

Stable, 2-coordinate, 14-electron bis(tertiary phos- 
phine)platinum(O) complexes [PtL,] are well-known where 
L is sterically demanding, e.g., P ( ~ - B U ) ~ , ~  P(t-Bu)zMe,2 
P(t-Bu),Ph,l P(C-HX),,~*~ or P(i-Pr)3,1 with chemical re- 
activity appearing to increase with decreasing steric de- 
mand. The unhindered complex [Pt(PEt3),] has been 
generated photochemically in situ from the oxalate [Pt- 
(C204)(PEh)2] and shown to be extremely reactive toward 
coordinating and oxidative addition addenda.4*5 It is re- 
ported6 that platinum(0) complexes can be similarly gen- 
erated from [Pt(C,O,)(PPh,),], but the characterization 
of several of the reaction products has been questioned.' 
The generation of [Pt(PPh,),] is problematic because of 
the tendency for ligand P-C bond cleavage to occur in 
coordinatively unsaturated complexes containing aryl- 
phosphine ligands.8 Thus, passing nitrogen through so- 
lutions of [Pt(C2H4)(PPh3),] results in not only loss of 
ethylene but also formation of benzene and generation of 
the ortho-metalated phosphido-bridged cluster [Ph(p- 
PPh2)&'Ph2C6H4)2].B Similarly, thermolysis1° of [Pt- 
(PPh3)4] produces [Pt2(p-PPh2),(PPh3),] and [Pt3(p- 
PPh2)3(PPh3)2Ph] whereas photolysis" of [Pt(C204)- 
(PPh3),] under hydrogen does not produce [PtH2(PPh3)2] 
(cf. the PEt3 a n a l ~ g u e ) ~ * ~  but rather, after precipitation 
with NaBF4, the cluster [Pt&-PPh,),(p-H)(PPh,),]+. 

Use of electrochemical methods to generate low-valent 
intermediates, such as [Pt(PPh,),], has recieved scant 
attention in the past, although such methods may show 
distinct advantages over thermal and photochemical 
techniques. In the past it has been reported that controlled 
potential bulk reductive electrolysis of [PtCl,(PPh,),], 
followed by addition of HC1 gas,12 yields a hydrido com- 
plex, although no details of characterization were given. 
Interestingly, electrochemical reduction of [PtC12(PPh3),], 
followed by the addition of water, also yields a hydride,13 
characterized by an IR absorption at  2232 cm-', whereas 
electrochemical reduction in the presence of excess tri- 
phenylphosphine is reported', to produce [Pt(PPh,),], 
characterized by elemental analysis only. 

Here we report on the controlled potential bulk reduc- 
tive electrolysis of ~ i s - [ P t C l ~ ( P P h ~ ) ~ ] ' ~  to generate [Pt- 
(PPh,),] and trapping reactions with coordinating and 
oxidative addition addenda. This method provides a 
versatile synthesis of a diverse range of platinum(0) and 
platinum(I1) complexes from a common precursor. The 
electrosynthesis is described in detail for the preparation 
of [Pt(PPh,),(RCWR)] complexes on a ca. 50-mg 5~ale.I~ 

(1) Otsuka, S.; Yoehida, T.; Mataumoto, M.; Nakatsu, K. J. Am. Chem. 

( 2 )  Fornies, J.; Green, M.; Spencer, J. L.; Stone, F. G. A. J. Chem. SOC., 

(3) Anderson, G. K.; Clark, H. C.; Davies, J. A. Organometallics 1982, 

(4) Paonessa, R. S.; Prignano, A. L.; Trogler, W. C. Organometallics 

(5) Paonessa, R. S.; Trogler, W. C. Organometallics 1982, 1, 768. 
(6) Blake, D. M.; Nyman, C. J. J. Am. Chem. SOC. 1970, 92, 5359. 
(7) Blake, D. M.; hung,  L. M. Znorg. Chem. 1972, 11, 2879. 
(8) Garrou, P. E. Chem. Rev. 1985,85,171. 
(9) Glockling, F.; McBride, T.; Pollock, R. J. J.  Chem. SOC., Chem. 

Commun. 1973, 650. 
(10) Taylor, N. J.; Chieh, P. C.; Carty, A. J. J.  Chem. SOC., Chem. 

Commun. 1976,448. 
( 1 1 )  Bellon, P. L.; Ceriotti, A.; Demartin, F.; Longoni, G.; Heaton, B. 

T. J. Chem. SOC., Dalton Trans. 1982, 1671. 
(12) M e  ' , G.; Bontampelli, G.; Nicolini, M.; Crociani, B. Inorg. 

Chim. Acta 1976, 18, 159. 
(13) Gavrilova, I. V.; Gel'fman, M. I.; Kiselera, V. M.; Ragumovskii, 

V. V. Zh. Neorg. Khim. 1974,19,3045. 
(14) Prior cyclic voltammetric studies have been reported. See ref 12 

and: Davies, J. A.; Uma, V. Inorg. Chim. Acta 1983, 76, L305; J. Elec- 
troanal. Chem. 1983, 158, 13. 

SOC. 1976, 98, 5850. 

Dalton Trans. 1977, 1006. 

1,550. 

1985, 4, 647. 
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