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exhibit similar changes in the structurally sensitive meta proton 
region of the TMPP ligand. Detailed studies of these and other 
small molecule reactions will be published in due course.18 
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Synthesis of [RU(CO),(S~,),]~-. A Stable Anionic Ru2+ 
Polychalcogenide Complex 

RuS2 is one of the most active catalysts known for the hy- 
drodesulfurization, HDS, of crude oil.lg2 As with the other HDS 
catalysts (Le. MoS2, WS2, and "CoMoS"), the mechanism of its 
action is currently ~ n k n o w n . ~  Although this challenge has driven 
the development of a great deal of Mo and W chemistry4 with 
polysulfide ligands in an effort to find suitable model compounds 
for the surface of MoS,, relatively little has been accomplished 
in the corresponding Ru/S chemistry. The Ru/S system has 
proven somewhat recalcitrant to study in the sense that, to date, 
no homoleptic Ru/S complexes have been isolated in pure form 
and/or structurally characterized. We are interested in the 
RuS2/HDS problem from the standpoint of mimicking the active 
sites present in RuS2. By exploring the fundamentals of 
Ru2+/polychalcogenide chemistry, we aim to establish the cur- 
rently unknown coordination preferences of this metal with 
HDS-relevant ligands. Thus far, the only Ru polychalcogenide 
complexes known are [ R u ( N H ~ ) ~ ] ~ S ~ ~ + , ~  [ C P R U ( P R J ~ I ~ S ? + , ~  
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Figure 1. (A) ORTEP drawing of the [Ru(CO),(Se,),]*' ion showing the 
labeling scheme. (B) Representation of the [Nal(R~(C0)~(Se,),)l,1'- 
portion of the structure showing the coordination environment of the Na+ 
ion by two [ R U ( C O ) ~ ( S ~ , ) ~ I ~ -  ions. Selected bond distances (A): Ru- 
C(l) ,  1.858 (8); Ru-C(2), 1.846 (8); Ru-Se(l), 2.517 ( I ) ;  Ru-Sc(4), 
2.566 (1); Ru-Se(S), 2.513 ( I ) ;  Ru-Se(8). 2.588 ( I ) ;  Se(1)-Se(2). 2.346 
( I ) ;  Se(2)-Se(3), 2.323 ( I ) :  Se(3)-Se(4), 2.353 ( I ) ;  Se(5)-Se(6), 2.339 
( I ) ;  Se(6)-Se(7), 2.315 ( I ) ;  Se(7)-Se(8), 2.369 ( I ) ;  C( l ) -O( l ) ,  1.132 
(IO); C(2)-0(2), 1.137 (10); Na-Se(2). 3.148 (1); Na-Se(4), 2.939 ( I ) ;  
Na-Se(8), 2.921 ( I ) .  Selected angles (deg): C(I)-Ru-C(2), 95.0 (2); 
Se( I)-Ru-Se(4), 97.32 (4); Se( I)-Ru-Se(5), 174.95 ( 5 ) ;  Se(l)-Ru- 
Se(8), 79.45 (4); Se(.l)-Ru-Se(S), 80.72 (4); Se(4)-Ru-Se(8), 93.58 (3); 
Se(S)-Ru-Se(g), 95.99 (4); Se( I)-Se(2)-Se(3), 99.25 (5); Se(2)-Se- 
(3)-Se(4), 97.19 (5); Se(5)-Se(6)-Se(7), 99,64 ( 5 ) ;  Se(6)-Se(7)-Se(8), 
97.28 (5); C(1)-Ru-Se(l), 93.4 (2); C(I)-Ru-Se(4), 85.4 (2); C(1)- 
Ru-Se(S), 91.1 (2); C(I)-Ru-Se(8), 172.6 (2); C(2)-Ru-Se(l), 89.4 
(2); C(2)-Ru-Se(4), 173.2 (2); C(2)-Ru-Se(5), 92.5 (2); C(2)-Ru- 
Se(8), 86.9 ( 2 ) .  

[MeCpRu(PPh,)],S, (x = 4, 6),7 CP*,RU~(S~)~,B (Me3P)3RuS7,9 
Ru(C0)2(PPh~)2(S2),10 and (bpy),RuS5, of which the last three 
have not been crystallographically characterized." The only 
structurally characterized corresponding polyselenide complexes 
are the cationic [ C ~ R U ( P P ~ ~ ) ~ ] ~ S ~ ~ ~ +  and [MeCpRu(PPh3)I2- 
(Sez)zZ+.IZ The absence of homoleptic anionic Ru/Q, (Q = S, 
Se, Te) complexes is probably due to their instability with respect 
to internal redox processes. Although Se ligands are not HDS- 
relevant, structures stabilized only by selenium ligands may em- 
ulate or represent difficult to isolate reactive intermediates in sulfur 
chemistry, and thus provide useful insight into the problem. We 
report here the synthesis and structural and spectroscopic char- 
acterization of the first stable anionic Ru/polyselenide complex, 
[Ru(CO)dseJ2l2-. 
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The Nat ion is important in the crystallization of I ,  The use 
of K2Se, as a reagent in the synthesis of this complex resulted 
only in a poorly crystalline powder which did not contain K'. The 
Nat ion is found in a center of symmetry (0 ,  I / * ,  01, and it is 
coordinated by two centrosymmetrically disposed [Ru(CO),- 
(Se4),I2- anions through the Se(2), Se(4), and Se(8) atoms, as 
shown in Figure 1B. The Se atoms create an excellent octahedral 
pocket for Na+. The Na- - -Se distances range from 2.921 (1) 
to 3.148 (1 )  A. 

In solution, the diamagnetic [ R u ( C O ) ~ ( S ~ ~ ) ~ ] ~ -  ion maintains 
its integrity, but it is no longer associated with the Nat ion. The 
UV/vis spectrum in DMF is a featureless rising absorbance. The 
"C NMR spectrum of [Ru(CO)~(S~, ) , ]~-  in DMSO-d, shows 
one resonance at 199 ppm, assigned to the carbonyl carbon atom, 
as expected for a species of C2 symmetry (a C, axis passes through 
the Ru atom, bisecting the C-Ru-C angle). Consistent with the 
C, point group symmetry, four resonances are observed in the 
NMR spectrum respectively at  717, 650, 630, and 395 ppm (vs 
Me2Se). The selenium atoms within the equivalent Se42- ligands 
are in chemically different environments depending on how they 
are disposed relative to the CO ligands. Since we could not observe 
satellite peaks from either the Ru or the Se isotopes in the spectra, 
we are unable to assign unequivocally these resonances at this time. 
In the IR spectrum of I (KBr pellet), the symmetric and anti- 
symmetric CO stretching vibrations occur at 1992 and 1927 cm-', 
respectively. 

The high-yield synthesis of I should allow for a convenient entry 
into the elusive Ru/polychalcogenide chemistry. The use of I as 
a starting material for the synthesis of other Ru/Se complexes, 
a study of its chemical reactivity, and extension of this work to 
analogous polysulfide chemistry are in progress. 
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R U , ( C O ) ~ ~  reacts with a solution of Na2Se5 and Et4NCI in 
acetone in a 1:6:6 molar ratio within several hours, Filtration of 
the resulting brown solution and dilution with ether yield crys- 
talline, air-sensitive red-orange (Et,N) I .5Nao.so[Ru(CO),(Se,)2] 
( I )  in 70% yield. It is important that the solution of Ru,(CO),, 
is added dropwise to the solution of Na2Se5.I3 Crystals of I 
suitable for X-ray diffraction were obtained and subjected to a 
crystal structure deter1ninati0n.I~ The product is homogeneous, 
giving an X-ray powder diffraction pattern identical with that 
calculated from single-crystal data.I5 

The crystal structure of (Et4N),,sNao.x,[R~(C0)2(Se4)2] consists 
of noninteracting Et4N+ cations and interacting Na' and [Ru- 
(CO)2(Se4)2]3- ions. [ R U ( C O ) , ( S ~ ~ ) ~ ] ~ -  adopts an octahedral 
geometry with two cis CO groups and two chelating Se42- ligands, 
as shown in Figure IA. The molecule possesses a noncrystal- 
lographic 2-fold axis that bisects the C( 1)-Ru-C(2) and Se- 
(4)-Ru-Se(8) angles. The Ru-C( 1) and Ru-C(2) bond distances 
are 1.858 (7) and 1.846 (7) A, respectively, with a C(I)-Ru-C(2) 
angle of 95.0 (2)O. The Ru-Se bonds are divided into two sets 
of short and long bonds. The Ru-Se(1) and Ru-Se(5) bonds are 
trans to each other at 2.517 ( I )  and 2.513 (1) 8, and areshorter 
than the corresponding cis Ru-Se(4) and Ru-Se(8) bonds at 2.566 
(1) and 2.588 (1 )  A, respectively. The lengthening of the Ru-Se 
bonds that are disposed trans to the carbonyl groups reflects the 
effective competition between the latter and the S e t -  ligands for 
both 0 (xy orbital) and to a lesser extent T (xz and yz orbitals) 
bonding to the metal center. The Se2- ligands adopt both 
ha1 f-boat (Se( 1 ) /Se( 2) /Se( 3)/Se(4)) and envelope (Se( 5 )  /Se- 
(6)/Se(7)/Se(8)) conformations. Selected bond distances and 
angles are given in the caption of Figure 1. In both Se42- ligands 
there is an alternation of a long Se(externa1)-Se(interna1) average 
of 2.352 ( 1  1) 8, and a short Se(interna1)-Se(interna1) average 
of 2.319 (4) A. A similar Se-Se bond alternation was observed 
i n  [ Zn ( Se4)*] 2-. l 6  

Na2Sel was prepared from the reaction of the stoichiometric amounts 
of Na and Se in liquid ammonia. 
Crystal data for (EtlN), ,Na,,[R~(co)*(Se~)~] (I): triclinic Pi, Z = 
2 ,  a = 10.986 (3) A, b = 10.979 (2) A, c = 13.876 (4) A a = 102.12 
( 2 ) O .  f l  = 104.09 (I)', y = 113.33 (I)', V = 1399.61 A3 at 25 OC. 
20,,(Mo Ka) = 48,3O; D,,, = 2.43 g/cm'; number of data measured 
4685; number of unique data 4472; number of data having F: > 34F.2) 
2821; number of variables 240; number of atoms 35 (including disor- 
dered atoms). No crystal decay was observed. An empirical absorption 
correction was applied; ~r = 110.3 cm-I. There are two crystallo- 
graphically independent Et,Nt ions situated in a general position and 
an inversion center (0, 0, respectively. The minimum and maxi- 
mum corrections were 0.40 and 0.99, respectively. Final R = 0.054 and 
R,  = 0.06 I .  
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