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SiMe3 SiMe3 Properties of the Pentacarbonyls of Ruthenium and 
Osmium 

8 

We assign the CMR absorptions at  6 58.9 and 164.7 
(ansumed carbonyl) to C1 and C2 of 8. Indeed, these values 
are remarkably close to those observed for dimethylketene 
acetal (9): The 13C NMR absorption at  6 113.8 we assign 
to C3 The methylene carbons of oxetane6 (10) are found 
at 6 72.6, while ketal carbons are usually around 6 100 (e.g., 
1,l-diethoxyethane (ll).7 Lastly, one must contend with 
the IR band at  1560 cm-' that is clearly too low to be an 
ester carbonyl. That this band is the olefinic stretching 
vibration in 8 is not immediately obvious since the C=C 
stretching frequency of enol ethers does not usually differ 
much from normal olefins.s However, it has long been 
known that silyl substitution produces dramatic batho- 
chromic shifts of vm as can be dramatically seen for the 
olefinic sequence 12,13, and 14.9 Thus, a strong IR band 
at  1560 cm-l is not unexpected for 8. 

8 5 4  70 81679 E595 

9, V C = C  1639 cm-'  10 11 

H,C=CH, Me,SiCH=CH, 
12, v ~ = ~  1623 cm'' 13, u ~ = ~  1592 cm-' 

(Me,Si),C=CH, 
14, ucZc 1569 cm-'  

Adduct 8 also provides an excellent rational for the 
reported observations4 (surprising for 7) that both ther- 
molysis and methanolysis of 7 regenerated norbornanone 
as the major product. While it is certainly possible that 
7 is involved in formation of the minor thermolysis product 
15, that explanation is not demanded. 

SiMe, 
I 0 

Me SiMe3 

t MeOSl-CHC02Et t 

,CHCQEt 

I 

8 ' 0 5  
18% 1 Et02CKSiMe20SiMe3 

Me 
34% 

SiMe3 

4 8% 

P 
I 
OEt 57% 

15 (8%) (from 5)" 

Registry No. 7, 83547-74-4; 8, 85185-51-9. 

(5) Herberhold, M.; Wiedersatz, G. 0.; Kreiter, C. B. 2. Naturforsch., 
B: Anorg. Chem., Org. Chem. 1976,31B, 35. 

(6) Silverstein, R. M.; Bassler, G. C.; Morrill, T. C. "Spectrometric 
Identification of Organic Compounds", 4th ed.; Wiley: New York, 1981; 
p. 269. 

(7) Johnson, L. F.; Jankowski "Carbon-13 NMR spectra", Wiley-In- 
terscience: New York, 1972; p 217. 

(8) Dolphin, D.; Wick, A. 'Tabulation of Infrared Spectral Data"; 
Wiley-Interscience: New York, 1977; pp 96-112. 

(9) Bock, H.; Seidl, H. J. Organomet. Chem. 1968, 13, 87. 
(10) Ando, W.; Sekiguchi, A.; Sato, T. J. Am. Chem. SOC. 1981,103, 

5573. 

Paul Rushman, Gilbert N. van Buuren, 
Mahmoud Shiralian, and Roland K. Pomeroy' 

Department of Chemistry, Simon Fraser University 
Burnaby, British Columbia, Canada V5A IS6 

Received December 28, 1982 

Summary: The pentacarbonyls of ruthenium and osmium 
have been prepared by the action of high-pressure car- 
bon monoxide on the corresponding solid trimetal do- 
decarbonyls at elevated temperatures. Physical data for 
the pentacarbonyls are reported along with some chem- 
ical properties of the osmium compound. 

The pentacarbonyls of ruthenium and osmium have 
been known for several decades.'O2 However, except for 
the work of Calderazzo and L'Eplattenier? they have been 
little studied, presumably because of the difficulty involved 
in their preparation. We have developed a useful method 
for the routine synthesis of these important compounds 
in a pure form. This has allowed their spectral and 
physical characteristics to be accurately determined. 

Pure Ru(CO), was formed nearly quantitatively by the 
reaction of solid R u ~ ( C O ) ~ ~  with CO (ca. 200 atm) at  160 
O c a 4  When freshly prepared, Ru(CO), was a colorless 
liquid at  room temperature (mp -17 to -16 "C) which 
rapidly developed a yellow-orange coloration due to the 
formation of R U ~ ( C O ) ~ ~  It was extremely sensitive to heat 
and light and had to be handled in the dark to prevent 
decomposition. Pure Os(CO), was formed (in ca. 60% 
yield) from the corresponding reaction of Os3(CO)12 and 
CO (200 atm) only at  much higher temperatures (280-290 
OC)., The much more forcing conditions required are 
consistent with the view that the osmium-osmium bonds 
are stronger than ruthenium-ruthenium bonds.7 As iso- 
lated, Os(CO), formed large, colorless to pale yellow 
crystals that melted at  2-2.5 "C to give a mobile yellow 
liquid. It was far more robust than its ruthenium congener 
and only formed O S ~ ( C O ) ~ ~  at  a significant rate a t  80 "C 
or above (in solution under normal laboratory lighting). 
It may be stored indefinitely at -15 O C  without any special 
precautions. 

If the reactions were carried out in hexane, solutions of 
the pentacarbonyls were produced. However, the condi- 
tions used to prepare OS(CO)~ were sufficiently extreme 
to cause the formation of some hexenes by dehydrogena- 
tion of the solvent. (Control experiments have shown that 

(1) Manchot, W.; Manchot, W. J. 2. Amrg. Allg. Chem. 1936,226,385. 
(2) Heiber, W.; Stallmann, H. 2. Elektrochem. 1943,49, 288. 
(3) Calderazzo, F.; L'Eplattenier, F. Inorg. Chem. 1967,6,1220; 1968, 

7. 1290. , _-.. 

(4) The trimetal dodecacarbonyl, MS(CO)lz (1.0-2.0 g), was placed in 
a high-pressure autoclave (500 mL) and the vessel pressurized with CO 
(ca. 200 atm). It was sealed and heated (M = Ru, 160 "C; M = Os, 280 
"C) for 48 h after which the autoclave was cooled to -78 O C  and the gas 
vented. The autoclave was connected to a vacuum line, and, as the 
autoclave warmed to room temperature, the M(C0)6 product was vacuum 
distilled (<5 X mmHg) into a trap cooled to -196 O C  (M = Ru, 
quantitative yield; M = Os, yield ca. 60%). The ruthenium compound 
was collected with the strict exclusion of light. 

(5) This method of preparation is reminiscent of the original synthesis 
of OS(CO)~~: treatment of O#Ol with CO (200-300 atm) at 150-300 O C .  
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tion." As expected it undergoes the oxidative elimination 
reaction with a variety of substrates. In some cases ionic 
intermediates have been isolated. For example, from the 
reaction with Clz in solution at  -78 OC a white compound 
was isolated (in quantitative yield) that had properties12 
consistent with the formulation [OS(CO)~(C~)] [C1].13 The 
compound was stable at room temperature unlike similar 
iron  derivative^;'^ when a suspension of it was refluxed in 
hexane, the known15 dimer [OS(CO)~C~~],  was produced. 

The olefin complex Os(CO),(+dimethyl fumarate) has 
also been synthesized, from the W irradiation of a solution 
of Os(CO), and dimethyl fumarate under a CO atmo- 
sphere.16 The two signals observed in the 13C NMR 
spectrum of the compound (in CDC13) that are assigned 
to the carbonyl ligands were sharp at room temperature. 
When the solution was warmed, the peaks broadened, but 
even at  105 "C (toluene-d8 solution, 100.6 MHz operating 
frequency) they still had not quite collapsed. By assuming 
a collapse temperature of 115 OC, a barrier to rearrange- 
ment, AG*38a, of 18.8 kcal mol-' may be estimated. This 
barrier is higher than that found for Ru(CO),(~~-diethyl 
fumarate) (AGSm = 15.4 kcal mol-') which in turn is higher 
than that in Fe(CO),(~~-diethyl fumarate) (AGtZgs  = 12.8 
kcal 
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Table I. Physical and Spectroscopic Properties of 
the Pentacarbonyls 

u(co),a 13c N M R , ~  
mp, "C cm- * PPm 

Fe(COI5 -20.5' 2022.5 210.6 
2000.5 

2001.5 

1993.0 
Recorded at 100.6 MHz, CDCl, 

solution at -40 "C. Wender, I.; Pino, P., Eds. "Organic 
Syntheses via Metal Carbonyls"; Wiley: New York, 1968; 
p 39. Calcd: C, 18.17, H, 0.0. Found: C, 18.37;H, 
0.0. 

Ru( CO) 5 -17 to -16 2036.5 200.4 

OS(CO),~ 2 to 2.5 2035.0 182.6 

CI Hexane solution. 

this dehydrogenation was independent of the presence of 
osmium carbonyls.) A very minor byproduct using this 
method was Os(CO),H, presumably formed by the reaction 
of Os(CO), with the hydrogen liberated from the solvent.s 
In most cases, the presence of the hexenes does not in- 
terfere with the chemistry of Os(CO), although it was not 
possible to prepare oSz(co)g9 from such solutions since the 
low-temperature photolysis yielded the olefin complex 
O~(CO)~($-hexene). 

The 13C NMR spectrum of each pentacarbonyl recorded 
in CDC1, a t  -40 OC showed a singlet. For OS(CO)~, the 
singlet remained sharp at  -110 OC (CFC12H solution), in- 
dicating, as expected,1° rapid exchange between axial and 
equatorial ligands. The 13C chemical shifts along with 
other physical data for the compounds are collected in 
Table I. 

The mass spectrum showed a parent ion with the ex- 
pected isotopic distribution for each case. Successive loss 
of five carbonyl groups from the parent ion, and the car- 
bide-containing ions [OsC(CO)]+ and [MC]+ (M = Ru, Os), 
was also clearly observed. No higher molecular weight ions 
of significant abundance were detected. 

The chemistry of Os(CO), is currently under investiga- 
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