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A Thiolate-bridged Diruthenium-Disodium Complex 
Philip G. Jessop, Steven J. Rettig and Brian R. James* 
Department of Chemistry, University of British Columbia, Vancouver, British Columbia, V6T lZ1, Canada 

The tetranuclear complex [(C0)4(PPh3)2R~2(p2-SEt)4(p3-SEt)2Na2(thf)2] (thf = tetrahydrofuran) has been synthesized; 
the two ruthenium centres are linked by a network consisting of four doubly- and two triply-bridging thiolate ligands 
and two sodium atoms. 

Thiolate complexes of the type Ru(SR)2(C0)2(PPh3)2 can 
be made by oxidative addition of diary1 disulphide to 
R u ( C O ) ~ ( P P ~ ~ ) ~  in thf,l or by the metathesis reaction of metal 
thiolates with species such as R u C ~ ( C O ) ~ ( P P ~ ~ ) ~  in acetone . 2 t  

Attempts to synthesize corresponding alkyl thiolate species by 
such methods usually give mixtures3 or intractable oils, but an 
unusual thiolate-bridged diruthenium-disodium complex 
[(C0)4(PPh3)2R~2(p2-SEt)4( ~ 3 - S E t ) ~ N a ~ ( t h f ) ~ ]  1 has been 
isolated in 55% yield from a metathesis reaction in thf. 

A thf (100 ml) suspension of cis, cis, trans-RuCl2- 
(C0)2(PPh3)2 (0.52 g, 0.70 mmol) and NaSEt (1.4 g, 17 mmol) 

was stirred under Ar for 1 h at room temperature, and then 
filtered; the yellow filtrate was evaporated to dryness, and the 
residue dissolved in thf (10 ml) and reprecipitated by addition 
of hexane (100 ml). A crystal of 1 was prepared by diffusion of 
hexane into a concentrated thf solution of the complex under 
Ar in the dark, and the structure determined by X-ray analysis 
(Fig. 1) .S 

The complex has a crystallographic centre of symmetry, and 
thus only half of the atoms are labelled in Fig. 1. The two Ru 
atoms are connected to each other by a network of six bridging 

t For example, we have made the p-thiocresolate complex cis,cI's, - 
tran~-Ru(SCsH~pMe)~(CO)~(PPh3)~ 2 by both routes, and fully 
characterized the species spectroscopically and crystallographically 
(to be published). 

$ These include cis, cis, t r an~-Ru(SEt )~ (C0)~(PPh~)~  3 and -RuCI- 
(SEt)(CO)Z(PPh& 4. NMR data (6; JlHz) are measured in C6D6 
under Ar at room temperature; 31P shifts are reported relative to 85% 
H3P04, downfield shifts being positive. For 3: 1H NMR: 6 1.16 (t, 6H, 

8.22 (m, 12H, o-Ph). 31P{1H} NMR: 6 11.18 (s); IR (Nujol): v (C0)  

(q ,2H,  3 J ~ ~  7.3, CH2), 7.0 (m, 18H, rn-lp-Ph), 8.25 (m, 12H, o-Ph). 
31P{ lH} NMR: 6 14.54 (s); IR (Nujol): v (C0)  2042, 1988 cm-1. Mass 
spectrometry mlz 778 (M)+, 750 (M - CO)+, 722 (M - 2CO)+. 

3 J ~ ~  7.4, Me), 1.97 (9, 4H, 3 5 ~ ~  7.4, CH2), 7.04 (m, 18H, m-lp-Ph), 

2022, 1963 cm-l. For 4: 'H NMR: 6 1.13 (t, 3H, 3 J H H  7.4, Me), 1.92 

8 Crystal data: C60H76Na206P2R~2S6, M = 1395.7, triclinic, space 
group Pi (No. 2), a = 12.189(3), b = 13.124(3), c = 12.032(4) A, a = 
99.70(2), fl = 110.61(2), y = 67.95(2)", V = 1668.4(8) A3, 2 = 1, D, = 
1.389 g cm-3. Data were collected on a Rigaku AFC6S diffractometer 
at 294 K. The final unit-cell parameters were obtained by least- 
squares analysis on the setting angles for 25 reflections with 28 = 
20.0-26.5'. The intensities of three standard reflections, measured 
every 200 reflections throughout the data collection, decayed uni- 
formly by 12%. The structure was solved by conventional heavy-atom 
methods, the coordinates of the Ru, P and S atoms being determined 
from the Patterson function and those of the remaining non-hydrogen 
atoms from the subsequent difference Fourier syntheses. Calculations 
were performed using TEXSAN.3 The final values of R and R, were 
0.039 and 0.043, respectively, for 4252 reflections with I 2  3.00a(I). 
Atomic coordinates, bond lengths and angles, and thermal par- 
ameters have been deposited at the Cambridge Crystallographic Data 
Centre. See Notice to Authors, Issue No. 1. 
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Fig. 1 The structure of 1 (H atoms omitted for clarity). Selected bond 
lengths (A) and angles ("): Ru(1)-S(l) 2.434(2), Ru(1)-S(2) 2.474(1), 

Ru( 1 )-C( 26) 1.877( 5), Na( 1 )-0 (3) 2.365( 5), Na( 1)-S( 1) 2.824(2), 
Na(1)-S(2) 3.019(2), Na(1)-S(3) 2.821(2), S(2)-Na(l)* 2.839(2); 

Ru( 1)-S(3) 2.467( l), Ru( 1)-P( 1) 2.375( l ) ,  Ru( 1)-C(25) 1.865(5), 

S(l)-Ru(l)-S(2) 88.46(5), S(2)-Ru(l)-S(3) 88.47(5), S(1)-Ru(1)- 
S(3) 84.69(5), S(1)-Ru(l)-P(l) 170.79(5), C(25)-Ru(l)-C(26) 
90.5(2), S( 1)-Na( 1)-S(2) 71.64( 6), S( 1)-Na( 1)-0(3) 9.5.3( 1) , 
S( 1)-Na( 1)-S(3) 71 .S0(6), S(2)-Na( 1)-S(2)* 85.79(7). * Denotes 
symmetry operation: 1 - x ,  - y ,  - z .  

thiolate ligands and two sodium atoms; four thiolates 
[S(l),S(3),S(1)* and S(3)*] bridge one Ru and one Na, and 
two thiolates [S(2) and S(2)*] bridge one Ru and two Na 
atoms. Such triple bridging between transition metal and 
alkali metal ions is unprecedented. The recently reported 
anionic species "a{ R u ( C O ) ~ ( S ~ ~ ) ~ } ~ ] ~ -  contains Se atoms 
(of Se42- ligands) bridging Ru and Na atoms,4 while examples 
of alkyl thiolate ligands bridging three Ru atoms are known.5 
More generally, there are few examples of transition metal 
complexes containing alkali metal cations 'trapped' via 
bridging thiolate ligands: (Nb-Na),6 ( L u - L ~ ) ~  and (U-Li),* 
although there are numerous examples within bridged alk- 
oxide systems, including mixed doubly- and triply-bridged 
species.9 

In complex 1, the Na has distorted square-pyramidal 
geometry, the available sixth site [trans to S(3)] being blocked 
by a phenyl group of PPh3; the Na-S bond lengths within the 
p2-thiolate moieties are comparable to that found in NaSMe 
(2.8 8 ,110  while the Na-S(2) distance involving the y3-thiolate 
is 0.2 longer. The geometry at Ru is essentially octahedral. 
The lengths of the Ru-C bonds, and the Ru-S bonds trans to 
them, are the same as in the corresponding bonds within 
cis, cis, trans-Ru( S C G H ~ ~ M ~ ) ~ ( C O ) ~ ( P P ~ ~ ) ~ ,  2;t the Ru-S( 1) 
bond in 1 is -0.04 8, shorter than these Ru-S bonds, and the 
Ru-P(1) bond is 0.07 A shorter than the Ru-P bonds in 2, the 
differences being rationalized in terms of relative trans 
influences. 

The room temperature solution structure of 1 differs from 
that in the solid state. Lack of conductivity in fresh thf 

solutions (up to 1 mmol dm-3) shows that there is no 
significant dissociation into ions, but the 1H NMR spectrum 
(in C6D6) shows that two of the thiolate groups at each Ru 
centre are magnetically equivalent. These are labelled (a) in 
the spectroscopic data7 and are presumably the S(2) and S(3) 
thiolates trans to the carbonyls; ( b )  refers to the thiolate trans 
to the phosphine. The (a) thiolate groups could become 
equivalent via fluxionality within the dimer, or be present as 
such within a monomeric species containing only p2-thiolates 
between Ru and Na. Selective decoupling of the lH NMR 
spectrum at 6 1.41 [the Me(a) resonance] yields an AX pattern 
for the inequivalent CH2(a) protons, and decoupling at 6 1.59 
[the Me(b) resonances] reveals a non-first-order AB pattern 
produced by the CH2(6) protons, which are inequivalent 
because of chirality at S(1); the inversion process at S(1) is 
clearly slow on the NMR time-scale. Unfortunately, we have 
been unable to determine the solution molecular weight of 1, 
because of limitations in solubility and insufficient stability in 
solution. 
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