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Preparation and Structures of the Osmaborides HOss(CO)¢B and HOs4(CO),BH,'
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Although several metal-rich iron!-? and ruthenium#*3 carbonyl
clusters containing boron are known, H30s3;(CO)sBCO is the
only reported example of an osmium-rich carbonyl cluster
containing boron.® The boron atom caps a triangle of osmium
atoms and is bonded toa carbonyl group. This carbonyl borylidyne
cluster is prepared by hydroborating the unsaturated cluster H,-
0s3(C0O)y0. The possibility of preparing other osmium-rich cluster
complexes containing boron is of continuing interest to us, and
we find that H;Os;3(CO)sBCO can serve as a precursor to such
clusters.

Reported here are syntheses and structural characterizations
of the osmaborides HOss(CO)i4B, the first example of a
pentametal boride with an encapsulated boron, and HOs,(CO),-
BH;. These complexes were obtained through the following
thermolysis reaction:

- toluene
H,0s,(CO);BCO — HOs,(CO),,BH, + HOs,(CO),B
110°C
(1

H30s3(C0O)sBCO (930 mg, 1.08 mmol) was added to a 100-
mL flask, and toluene (30 mL) was then condensed into the flask
at —78 °C. The solution was stirred at 110 °C for 6 days, and
solvent was removed by means of rotary evaporation, leaving a
brown solid in the flask. The products were separated by prep-
TLC onssilica using a 1:4 toluene:hexanes mixtures as an eluent.
A light yellow band was identified as HOs,(CO),,BH; (54 mg,
0.0486 mmol, 4.5% yield based on H;0s;(CO)sBCO), and a
reddish brown band was identified as HOss(CO)sB (32 mg,
0.0227 mmol, 3.4% yield based on H;0s;(CO)sBCO). These
osmaborides were characterized by single-crystal X-ray analysis’
and NMR, IR, and mass spectroscopy.

The molecular structure of HOss(CO);¢B is shown in Figure
1. The five Os atomsdefine a bridged butterfly metal framework.
The boron atom is encapsulated in the cluster, bonded to all five
metal atoms. While the hydrogen atom was not located, it is
believed to be on the surface of the Oss core, perhaps bridging
Os(2)-0s(3) or fluxional at room temperature. All sixteen
carbonyl groups are terminally coordinated, four to the bridging
Os atom and three each to the other four Os atoms. The overall
molecular geometry of HQOss(CO) ;4B closely resembles those of
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Figure 1. ORTEP plot of the molecular structure of HOss(CO)6B.
Selected bond distances (A): Os(1)-0s(2) = 2.962(1), Os(1)-0s(3) =
2.957(1), Os(1)-0s(4) = 3.040(1), Os(2)-0s(3) = 2.903(1), Os(2)-
Os(5) = 2.979(1), Os(3)-Os(5) = 2.943(1), Os(4)-0s(5) = 2.997(1),
Os(1)-B = 2.06(2), Os(2)-B = 2.16(2), Os(3)-B = 2.23(2), Os(4)-B
= 2.17(2), Os(5)-B = 2.01(2).

the pentaosmium carbonyl carbide cluster OssC(CO)y,8 con-
taining a carbon atom encapsulated in the Oss core, and the
related ruthenium-acetonitrile adduct RusC(CO),s(NCMe).?
The only other reported example of a pentametal boride is a gold
derivative of a square pyramidal ruthenaboride which has the
boronresiding onthe square face:!9 Rus(CO),sB(AuPh;). HOss-
(CO) 4B, like OssC(CO)16, is a 76-valence-electron system. On
the basis of Wade-Williams~Rudolph!! electron-counting rules,
it can be considered to be an arachno cluster derived from a
pentagonal bipyramid from which nonadjacent equatorial vertices
are removed. Selected bond
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Figure 2. ORTEP plot of the molecular structure of HOs4(CO);2BH..
Selected bond distances (A): Os(1)-0s(2) = 2.909(1), Os(1)-0s(3) =
2.867(1), Os(1)-Os(4) = 2.878(1), Os(2)-Os(3) = 2.886(1), Os(2)-
Os(4) = 2.884(1), Os(1)-B = 2.26(2), Os(2)-B = 2.21(2), Os(3)-B =
2.09(2), Os(4)-B = 2.11(2).

distances are shown in Figure 1. The dihderal angle between the
butterfly wings, the Os(1)Os(2)Os(3) and Os(2)Os(3)0s(5)
planes, is 104°. It corresponds well with the value observed for
0s5sC(C0O);15(101°). ''BNMR (CDCl3,30°C): 184.4 ppm (s),
43.6 Hz full width at half maximum. 'H NMR (CDCl;, 30 °C):
-21.19 ppm (s). 'H NMR (CDCl;, 63 °C): -21.49 ppm (s).
IR (vco, Ce¢Hyz): 2091 m, 2083 m 2073 s, 2059 sh, 2054 s, 2006
mcm-!. MS (FAB): highest intensity peak in the parent envelope
calculated for HBC40,60ss m/e = 1411; found m/e = 1412.
The parent envelope and the distribution of peak intensities in
the envelope are in accord with those predicted!? for natural-
abundance isotopic distribution.

The molecular structure of HOs4(CO),,BH, is shown in Figure
2. It consists of four Os(CO); groups arranged in a butterfly
configuration, with the boron atom residing midway between the
osmium atoms that define the wing tips. A crystallographically
imposed mirror plane passes through Os(3), B, and Os(4). This
moleculeisisostructural with HRu4(CO),,BH,’and HFe,(CO),,-
BH,? and accordingly can be considered to be an arachno, four-
atom cluster with an interstitital boron or alternatively a 62-
valence-electron complex in which the BH; ligand contributes
five electrons on the basis of the skeletal electron-pair theory.!!
Selected bond distances are shown in Figure 2. The dihedral
angle between the butterfly wings is 113°. It corresponds well
with the values observed for HRu4(CQ),,BH; (118°) and
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HFe (CO),,BH; (114°), and it is also consistent with the ideal
dihedral angle, 109°, for a four-atom, butterfly, arachno cluster
derived from an octahedron.

'H and !B NMR spectra are consistent with the solid-state
molecular structure of HOs4(CO);,BH,. The !'BNMR spectrum
(CDCl3, 30 °C) consists of a triplet [119.7 ppm (t, Jpy = 63 Hz),
43.6 Hz full width at half-maximum)] reflecting coupling with
two bridging hydrogens. The 'H NMR spectrum (CDCls, 30
°C) consists of a quartet and a sharp singlet [-9.5 (q, 1:1:1:1, Jay
=65 Hz, B-H-0s),-20.5ppm (s, Os-H,0Os)]. Bridge hydrogens
in the neutral molecule do not appear to be fluxional at room
temperature. IR (vco, CsH,2): 2075 vs, 2067 vs, 2054 m, 2028
vs,2015m, 2010 m, 1996 mcm~!. MS (FAB): highest intensity
peak in the parent envelope calculated for H;BC,;0,,0s4 m/e
= 1112; found m/e = 1109. The parent envelope and the
distribution of peak intensities in the envelope in general are in
accord with those predicted!? for natural-abundance isotopic
distribution.

Removal of an Os—H-B hydrogen occurs in the reaction of an
equimolar amount of KH with HOs4(CO),BH, in Me,O at -78
°C over a period of 12 h to give K[HOs,(CO),,BH], a brownish
yellow solid that was shown from its NMR spectra to possess a
remaining Os—-H-B hydrogen and an Os—H-Os bond. !B NMR
(glyme-dq, 30 °C): 129.9 ppm (partially collapsed doublet, Jay
=88 Hz). 'HNMR (glyme-dyo, 30 °C): -8.7 (partially collapsed
quartet, br, Os-H-B), -20.3 ppm (s, Os-H-Os). IR (vco,
CeH12): 2068 s, 2048 m, 2035 w, 2020 s, 1999 w, 1991 w cm!.
Reaction of HOs4(CO);,BH,; with excess KH in THF at room
temperature for 2 days results in deprotonation of both Os—H-B
bonds to form K,[HOss(CO);,B]. !'B NMR (THF-dj, 30 °C):
142 ppm (s). 'H NMR (THF-ds, 30 °C): -18.9 ppm (s, Os-
H-0s). IR (vco, CeHia): 2035, 2017 s, 2008 m, 1993 s, 1967
$,1961 mem™!. Theremoval of two bridge hydrogens is in accord
with deprotonation studies of HRu4(CO),,BH,%* and also further
confirms Fehlner’s!2 prediction that although the first two protons
removed from HFe(CO),,BH, are from Fe-H-B and Fe-H-Fe
bonds, the first two protons to be removed from the ruthenium
and osmium analogues would come from the Ru-H-B and Os—
H-B bonds.

Attempted deprotonation of HOss(CO)!¢B resulted in de-
composition of the cluster.

Acknowledgment. Wethank the National Science Foundation
for support of this work through Grant CHE91-04035. FAB
mass spectra and NMR spectra were obtained at the Ohio State
University Chemical Instrumentation Center (funded in part by
National Science Foundation Grant No. 79-10019 and National
Institutes of Health Grant No. 1 S10 PRO140518-01A).

Supplementary Material Available: Tables of crystal data, positional
parameters, bond distances, bond angles, and anisotropic displacement
parameters (14 pages). Ordering information is given on any current
masthead page.



