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15. MONO(1/>-PENTAMETHYLCYCLOPENTADIENYL)
COMPLEXES OF OSMIUM
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The chemistry of transition metal mono(cyclopentadienyl) molecules of the type
(ns-CSRS)MXn, where X is a halide ligand, has been widely explored.1 Such
complexes can serve as catalysts or catalyst precursors for a wide variety of organic
reactions ranging from the Ziegler—Natta polymerization of olefins to the
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hydrogenation of unsaturated hydrocarbons. These “half-sandwich” molecules are
also useful starting materials for the synthesis of other cyclopentadienyl-contain-
ing species: they offer unparalleled opportunities to synthesize a wide variety of
compounds that otherwise would be unobtainable. For example, the synthesis of
(nS-C5Mes)2Ru2CI4 from RuCls-xH,O and CsMesH, which was discovered
independently by two groups in 1984,> led to an explosion of interest in
(nS-CSMeS)Ru chemistry.

By 1994, halide complexes of the general formula (n5 -CsR5)MX,, were known
for every transition element except osmium and the radioactive element techne-
tium. In part for this reason, compounds containing the (n°-CsMes)Os fragment
were few relative to the number of (nS-CsMeS)M derivatives of other transition
metals. Unfortunately, attempts to develop a simple preparation of the chloroos-
mium analog of (n5 -CsMes),Ru,Cly have to date been unsuccessful. For example,
the reaction of OsCl; with CsMesH does not afford (nS—C5MeS)20s2C14, but
instead gives the metallocene derivative [(n5-C5Me5)20sC1]2[OsC16].4 A proce-
dure to (nS—C5R5)OsX,, complexes starting from OsO,4 would be very convenient,
but “one-pot” approaches, such as treatment of osmium tetroxide with hydro-
chloric acid followed by the addition of pentamethylcyclopentadiene or the tin
reagent (nl-CsMe5)Sn(n-Bu)3, unfortunately do not afford (nS—C5MeS)OsC1n
products. Two-step approaches involving chloroosmium species prepared from
0OsO, were also explored without success. For example, the osmium complexes
[Os(cod)Cl,],,, OsCly, and (NH,4),0sClg can be obtained from OsOy in high yield,
but no (nS-C5MeS)OsC1,, species could be isolated upon treatment of these
materials with CsMesH or (nl—CsMes)Sn(n—Bu)g in a variety of solvents. In
contrast, for example, the reaction of Na,OsClg with CsMesH in ethanol affords
decamethylosmocene in high yield.’

The unsuccessful attempts to prepare a mono(CsMes) osmium complex from
chloroosmium starting materials prompted us to explore the use of bromoosmium
reagents instead. Bromoosmic acid (H,OsBre) is readily obtainable by heating
OsO, in concentrated hydrobromic acid. Treatment of bromoosmic acid with
CsMesH in refluxing fert-butyl alcohol produces a brown microcrystalline pre-
cipitate of the osmium(IIl) dimer (T]S-C5M65)20S2Br4.6 Since its discovery, this
compound has become a very useful starting material for the synthesis of other
mono(CsMes) osmium complexes. Its conversion to the 1,5-cyclooctadiene
complex (nS-CSMe5)Os(n2,n2-CgH12)Br is also described here.

General Procedures

Except where noted, all procedures were carried out under a dry argon atmosphere
using Schlenk and cannula techniques. Concentrated hydrobromic acid is

“The checkers used nitrogen instead of argon as an inert gas.
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purchased from Aldrich and used as received. The fert-butyl alcohol (Aldrich)
is dried over anhydrous MgSQ,, filtered, and distilled under nitrogen from
magnesium turnings.* Ethanol is distilled from magnesium turnings under
nitrogen. The pentamethylcyclopentadiene and 1,5-cyclooctadiene (Aldrich) are
degassed by three successive freeze—pump—thaw cycles under nitrogen before use.

A. BROMOOSMIC ACID

0OsO4 + 8HBr — “H,0sBrg” + 4H,0 + Br,

Procedure

B Caution. Hydrobromic acid is corrosive. Osmium tetroxide OsQOy is
highly toxic if inhaled, ingested, or absorbed through the skin. Vapors can react
with corneal tissues and cause blindness. There is a possible risk of irreversible
effects. Wear appropriate gloves and safety goggles and always use in a chemical
fume hood. Do not breathe the vapors.

A solution of OsO, (2.0 g, 7.9 mmol) in concentrated HBr (80 mL) is heated to
reflux for 2h. The dark red solution is promptly taken to dryness on a rotary
evaporator, keeping the bath temperature no higher than 50°C; allowing the
solution to stand for more than 1 day before evaporation or overheating during the
evaporation results in a product that is not as useful in the next step. The dried solid
is further dried under vacuum at room temperature overnight. The very hygro-
scopic material should be kept under an atmosphere of nitrogen (or argon) from
this point onward. In a dry box, the solid is ground into a powder with a mortar and
pestle and then vacuum dried again at 35°C overnight. This material is used
directly in the next step.

Properties

Bromoosmic acid is a dark brown substance whose composition in aqueous
HBr is almost certainly a hydrate of H,OsBrg. Its solid-state composition is
uncertain. Analytical data for a sample prepared and dried in a manner
somewhat different’ from that described above are consistent with the stoichi-
ometry (H30)Os,Bry - SH,0.

“The checkers dried the tert-butyl alcohol over potassium hydride.
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B. BIS(1>-PENTAMETHYLCYCLOPENTADIENYL)-
TETRABROMODIOSMIUM(II)

2“H20SBI'6” + 2C5MC5H — (nS-C5MeS)2052Br4 + 6HBr + “Bl'z”

Procedure

The bromoosmic acid from the previous step is dissolved under nitrogen in
degassed fert-butyl alcohol (80 mL) and treated with pentamethylcyclopentadiene
(1.80 mL, 11.8 mmol). The red solution is heated to reflux for 45 min, during which
time a brown microcrystalline solid precipitates. If the reaction solution is heated
longer than 45 min, undesired by-products, including the salt [(n5 -CsMes),0OsH],-
[OszBrg],8 will coprecipitate with the desired product. The precipitate is collected
by filtration and dried under vacuum. The product contains traces of (1’-
CsMes),0s, which is volatile and may be removed by subliming it at 110°C
in vacuum onto a water-cooled cold finger. Yield: 2.96 g (80%).

Anal. Calcd. for C,oH30Br4Os,: C, 24.8; H, 3.12; Br, 32.9. Found: C, 24.6; H,
3.25; Br, 33.0.

Properties

The crystal structure of (n5 -CsMes),0s,Br4 shows that two of the bromide ligands
are bridging, with one bromide ligand and one CsMes group being terminal on
each osmium atom.® The Os—Os distance is 2.970 A. It is only slightly soluble in
diethyl ether and alcohols, but is highly soluble in dichloromethane; it is air and
moisture sensitive in solution, but can be handled briefly in air as a solid. The FI
mass spectrum exhibits a peak at 890 (M™ — Br). Its 'H NMR spectrum in CD,Cl,
shows a peak at 6 2.56 (s, C5Me5),* and its 3C {'H} NMR spectrum has features at
6 13.0 (s, CsMes) and 101.2 (s, CsMes). Its IR spectrum shows bands at 1075 (w)
and 1024 (m) cm™!. Traces of the oxo compound (nS—CsMes)zOsz(p—O)Bu are
also present; more of this material is formed if the tert-butyl alcohol and the
H,OsBrg are not thoroughly dried and deoxygenated as described above. The
presence of this oxo impurity sometimes has little effect on the usefulness of (n°-
CsMes),0s,Br, as a starting material; for example, (nS-CSMe5)2Osz(p-O)Br4 is
relatively inert toward Lewis bases. For comparison, the 'H NMR spectra in
CD,Cl, of possible impurities are as follows: (nS-CSMeS)zOs (6 1.70, s, CsMes);
[(n°-CsMes),0sH],[Os,Brg] (5 1.98, s, 30H, CsMes; —15.65, s, 1H, Os—H); (n°-
C5M85)2OSQ(H-O)BT4 (5 215, S, C5MC5).

“The checkers found a chemical shift of & 2.80 in C¢Dg.
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The compound (°-CsMes),Os,Bry is a catalyst for the ring-opening metathesis
polymerization of norbornadiene,” and a useful starting material for other organo-
osmium complexes. It can be converted into such species as (n5 -C5Me5)OsH5,6’lo
(1°-CsMes)OsBr» (L), (1°-CsMes)OsBr(L),,'? (n°-CsMes)OsBr»(n’-allyl),'* and
(r]5-C5Me5)Os(r]5-C5R5),]4 several of which also serve as excellent synthetic
entries into other osmium compounds.

C. M*-PENTAMETHYLCYCLOPENTADIENYL)
(1,5-CYCLOOCTADIENE)BROMOOSMIUM(II)

%(ﬂS-C5Me5)ZOSQBI'4 + C3H12 — (T]S-C5M65)OSBI'(T]2, T]Z-Cngz) + “Br”

Procedure

To a slurry of (n5 -CsMes),0s,Bry (0.62 g, 0.64 mmol) in ethanol (40 mL) is added
1,5-cyclooctadiene (0.82mL, 6.7 mmol). The solution is heated to reflux for
90 min, and the solution color changes to a clear orange and a light-colored
precipitate forms. The solvent is removed under vacuum, the residue is extracted
with diethyl ether (4 x30mL), and the extracts are filtered. The filtrates are
combined, concentrated to ~50 mL, and cooled to —20°C to afford orange crystals.
Additional crops of crystals can be obtained by further concentrating and cooling
the supernatant. Yield: 0.48 g (74%)."

Anal. Calcd. for CgH,7BrOs: C, 42.1; H, 5.30; Br, 15.6. Found: C, 42.2; H, 5.39;
Br, 15.4.

Properties

The 1,5-cyclooctadiene compound (nS-C5Mes)OsBr(n2,n2-CgH 12) can be handled
in air (although it is best stored under an inert atmosphere) and is soluble in most
standard organic solvents. Its "H NMR spectrum in CD,Cl, features two multiplets
at 6 4.07 and 3.52 for the olefinic protons of the cod ligand: two environments are
expected because these protons are either distal or proximal to the CsMes ring. The
methylene protons appear as four multiplets at  2.59, 2.15, 1.91, and 1.68, and the
CsMes resonance is at § 1.65. The '3C{'H} NMR resonances for the sp> carbons
of the cod ligand appear as two singlets at 6 68.8 and 67.5, which again reflect the
presence of distal and proximal environments. The two resonances expected for the
sp° carbon atoms of the cod ligand evidently overlap and appear as a single peak at
0 32.5. The CsMes resonances appear at 6 9.8 and 94.4. The field desorption mass

“The checkers obtained four successive crops by crystallization at —38°C, and obtained a total yield of
69%.
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spectrum features a peak at 514 for the molecular ion. Its IR spectrum exhibits
bands at 1514 (w), 1321 (m), 1295 (w), 1261 (w), 1239 (w), 1207 (w), 1152 (m),
1072 (w), 1026 (m), 1010 (m), 993 (m), 887 (w), 842 (m), 813 (w), 791 (w), 603
(w), 526 (w), and 487 (w) cm ™.

afford a variety of other organoosmium complexes.

The 1,5-cyclooctadiene ligand can be replaced readily with other Lewis bases to
12
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