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High Yield Syntheses of New Tetraruthenium Carbonylates : [RU~(CO)~,]~-, 
[HRu,(CO),,]- and [RU~(CO)~~]~-  ; a Simple, High Yield 

Preparation of H2Ru4(CO),, 

By COLLEEN C. NAGEL and SHELDON G. SHORE* 
(Department of Chemistry, The Ohio State University, Columbus, Ohio 43210) 

Summary The anions [Ru4(C0),,]2- and [Ru,(CO),,]~- are 
formed in high yield by the controlled reduction of 
Ru,(CO) 12 with potassium-benzophenone and, upon 
subsequent protonation, lead to [HRu,(CO) ,,I-, H2Ru4- 
(CO),, and H4Ru4(CO),, quantitatively. 

THE tetranuclear cluster H2Fe4(CO),, and its conjugate 
bases, [HFe4(CO),,]- and [Fe4(CO),,]2-, have been known for 
over twenty years.1 While the ruthenium analogue 

We report here the synthesis, isolation, and spectral proper- 
ties of the new ions [HRu,(CO),,]-, [Ru4(CO),,]2-, and 
[RU~(CO),~]~-. In addition, we report a high yield synthesis 
for H,Ru,(CO),,, which previously has only been obtained 
as a side product in a variety of  reaction^.^^^ 

The basis for our syntheses is the controlled reduction of 
Ru,(CO),~. While such reductions are known to produce 
anionic species, reactions reported previously were found to 
yield complex mixtures.3~6 The preparation of [Ru,- 
(CO),]2-, reaction (l), and all subsequent reactions were 

4Ru3(CO), + 6KPh2C0 + 3K2[Ru4(CO),,] + 9CO H,Ru4(CO), is also well known, its conjugate bases 
[HRu4(CO),,]- and [RU~(CO),]~- have eluded isolation or + 6Ph2C0 (1) 
identification, although their presence in solution has been 
suggested.2Sa Interestingly, H;Ru,(CO),, and [HRu,(CO),,]- 
have been implicated as active species in catalytic systems.2~4 

performed using vacuum line procedures which allowed care- 
ful measurement and identification of evolved gases, per- 
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mitting determination of reaction stoicheiometry . Dodeca- 
carbonyltriruthenium was treated with 1-6 equiv. of 
potassium-benzophenone (ca. 10% excess), in tetrahydro- 
furan (THF). Stirring the solution overnight at -78 "C 
and for 24 h at 25 "C afforded a deep red solution and 85% 
of the theoretical amount of CO. Consistent with the CO 
evolution, the red salt K,[Ru,(CO),,] was obtained in 80% 
yield by precipitation with CH,Ck. Alternatively, meta- 
thesis of the reduction mixture with [(Ph,P),N]Cl and pre- 
cipitation from a CH,Ck-EhO solution yielded [(Ph,P),N],- 
[Ru,(CO),J as a light red-brown powder in 70% yield. 

TABLE. 

f(,[Ru4(CO) ids 1946 s 1770 m 

1.r. spectra (1600-2100 cm-l) of tetraruthenium salts. 

salt v(CO)/cm-l 

1916 m (sh) 
1895 m (sh) 1718 s 
1816 m 
1950 s 1760 s 
1898 m (sh) 

C(P~~P)*NI,CRU,(CO)~~I 

2020 s 1970 m (sh) 
2000 s 1860 w (br) 

K [HRu,(CO) uls 
2018 s 1976 m (sh) 

1830 w (br) 
[ ( P h J W I  [HRur(Co)ialb 2o01 

1978 m 1846 s 
1938 m 1790 s 

K4[Ru,(CO) ul" 
1866 s 1610 w 

1738 m (sh) 

8 In THF solution. b In CHaCI, solution. C Nujol mull. 

1.r. spectra (Table) of [Ru,(CO),~]~- salts indicate the 
presence of bridging carbonyl groups with absorptions in the 
range 17 18-1815 cm-l. The simpler spectrum displayed 
by [(Ph,P),N],[Ru,(CO),] is presumably due to the lack of 
ion-pairing in this salt, as suggested by studies of [H,Ru,- 
(C0),,]2- salts.' The 13C n.m.r. spectrum of [(Ph,P),N],- 
[Ru,(CO),~], 35% enriched in 13C0, consists of a single peak 
a t  223-7 p.p.m. in CD,Cl,-CHCIF, (1 : 3, v/v) down to 
- 100 "C. A t  - 130 "C, the lowest temperature attained, 
this peak disappears into the baseline. 

Protonation of K,[Ru,(CO),] with 1 equiv. of HCI in 
THF proceeded rapidly, without gas evolution, at -78 "C 
to yield ~Ru,(CO),,]- [reaction (2)]. Removal of KCl and 

n.m.r. spectrum of [(Ph,P),N] [HRu,(CO),] displays a 
single, temperature-independent, hydride resonance at 
r 25.84 down to - 80 "C in CD,Cl,. The l9C n.m.r. spectrum 
(35% enrichment) a t  - 58 "C consists of a single sharp peak 
a t  203.7 p.p.m. in CD,Cl,-CHClF,. A t  - 138 "C, this peak 
broadens, another broad peak occurs at 235p.p.m., and 
peaks in the terminal carbonyl region appear. Some of the 
terminal carbonyls are strongly coupled to hydrogen, as 
evidenced by proton decoupling experiments. 

A 76% yield of H,Ru4(CO),,, based on initial Ru3(CO),,, is 
obtained by direct acidification of the reduction solution , 
extraction with hexane, and chromatographic separation on 
silica gel with hexane as eluent [reaction (3)]. 

&[Ru4(CO)131 + H2SO4 (excess) + HgRud(CO), + &so4 
(3) 

The anion [Ru,(CO),,]~- was produced according to 
reaction (4). 3 equiv. of potassium-benzophenone were 

4Ru,(CO),, + 12KPh2C0 -+ 3K,[Ru4(CO),,](solid) + 12CO 
+ 12Ph2C0 (4) 

treated with Ru,(CO),, in THF at 50 "C. Stirring for 36 h 
produced 100% of theoretical CO evolution and K4[Ru4- 
(CO),] as an orange precipitate in >85% yield. 

The salt K,[Ru,(CO),] was also produced by the direct 
reduction of K,[Ru,(CO),]. The reaction is stoicheio- 
metric. Reaction of 2 equiv. of potassium-benzophenone 
with 1 equiv. of K,[RU,(CO)~~] at 50°C produced a clear, 
colourless solution, complete precipitation of K,[Ru,(CO) 
and 1 equiv. of CO [reaction (5)]. 

K,[Ru,(CO),,] + BKPh,CO + K,[RU,(CO)~,] (solid) + 
CO + 2Ph,CO (5) 

The i.r. spectrum of K,[Ru,(CO),,] as a Nujol mull 
exhibits very broad absorptions (Table). Insolubility of 
this compound has, for the time being, precluded further 
spectral identification. However, protonation of the salt 
with sulphuric acid led quantitatively to H4Ru4(CO) 
[reaction (6)]. 

K,[Ru,(CO),,] (solid) + H,SO, (excess) + H,Ru,(CO),, 
f K2S04 (6) 

Chemical analyses for all salts were in accord with the Precipitation with cH2c12 yielded EHRu4('') 131 as a red- formulations presented here. Structural elucidation of the brown powder. 
to produce [(Ph,P),N]@Ru,(CO),]. 

similar i.r. spectra (Table) with weak bridging carbonyl 
absorptions at 1850 and 1830 cm-l, respectively. This 

An analogous reaction in CH,Cl, was used anions reported is in progress. 
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spectrum is similar in appearance to that of [(Ph,P),N]- 
[HFeRu,(CO) 1.31, its iso-electronic analogue.8 The lH (Received, 31st January 1980; Corn. 104.) 
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