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Recently, metal-rich osmium cabonyl boride cluster 
complexes containing boron have been intensively 
studied1,2 and thus tri-, tetra-, penta-, and hexa
osmium carbonyl boride clusters, (卩-H)3Os3(CO)9 

(出-BCO),1 H2Os3(CO)9BH3,3 HOs4(CO)12BH2,4 HOs5- 
(CO)16B,4 and 瓦。56(。0)涓5 have been reported. 
The possibility of preparing other osmium-rich car
bonyl boride clusters is of continuing interest and 
we find that (卩-H)3Os3(CO)9(卩 3-BCO) can serve as 
a precursor to such clusters. The boron atom in (g- 
H)3Os3(CO)9(卩3-BCO) caps a triangle of osmium 
atoms and is bonded to a carbonyl group. This 
observation encouraged us to examine the prepara
tion of the other osmium-rich boride carbonyl clus
ter using (卩-H)3Os3(CO)9(j丄 3-BCO) as a precursor.

Here we reported the result of reaction of (g- 
H)3Os3(CO)9(卩3-BCO) with toluene which led to 
the preparation of the novel tri-osmium carbonyl 
boride cluster (g-H)2Os3(CO)9(g-BH2CHC6H5).

EXPERIMENTAL SECTION

Gener지 Data
All reactions were performed under inert-atmo

sphere conditions. Standard vacuum line and inert

atmosphere techniques were employed.6 Toluene 
was dried with P2O5, distilled, and stored in a sealed 
flask. (g-H)2Os3(CO)10 was prepared according to 
published procedure.7 13C0 (Isotec, 99.99%) was 
used without further purification. Thin layer chro
matography plates (J.T. Baker, 250 gm, plastic- 
backed) were heated in a 45 oC oven for 24 h before 
use. IR spectrum was obtained with a Mattson 
Polaris FT-IR spectrometer. 1H, 11B, and 13C NMR 
spectra were obtained using a bruker AM-250 and 
WH-500 spectrometers. NMR chemical shifts are 
referenced to SHCRZ (1H, d=0.00 ppm) and BFmOEt? 

(11B, d=0.00 ppm). FAB mass spectrum was obtained 
on VG 70-250s mass spectrometer.

Preparation of (g-H^OsJCO'W-BHzCHCGH)
(g-H)3Os3(CO)9(g3-BCO) (310 mg, 0.34 mmole) 

was added to a 100 mL flask equipped with a Kon- 
tes vacuum adaptor and then toluene (30 mL) was 
condensed into the flask at -78 oC. The solution was 
stirred at 110oC for 12 hours. Then solvent was 
removed by means of dynamic high vacuum leav
ing a brown solid in the flask. The product was sep
arated by preparative TLC on 2 mm silica using a 
mixed solvent toluene/hexane as an eluent. A pale 
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yellow band (R=0.50) in the preparative TLC on sil
ica above was identified and characterized as (卩- 
H)2Os3(CO)9([-BH2CHC6H5) (15 mg, 0.0011 mmole, 
5% yield based on (pt-H)3Os3(CO)9(此-BCO). 1H NMR 
(CDCl3, 30oC) 7.35 (s), 7.23 (s), 7.14 (s), 2.35 (s), -12.1 
(br), -12.2 (br), -19.7 (s) ppm. 1H{11B} NMR (CDCl3, 
30 oC) 7.35 (s), 7.23 (s), 7.14 (s), 2.35 (s), -12.1 (s), 
-12.2 (s), -19.7 (s) ppm. 11B NMR (CDCl3, 30 oC) 
36.1 (br) ppm. 11B{1H} NMR (CDCl3, 30 oC) 36.1(s) 
ppm. 13C NMR (CDCl3, -40 and 30 oC) 174.5 (d of 
d, Jhc=16Hz), 172.4 (s), 168.0 (d, "=10田),167.6 
(s), 163.5 (s) 146.0 (br), 137.5 (s), 133.6 (d, JHC= 
85Hz), 129.7 (d, J,c=191Hz), 127.8 (d, J,c=63Hz), 
21.35 (d, JhC=50Hz) ppm. 13C{1H} NMR (CDCl3,- 
40 and 30 oC) 174.5 (s), 172.4 (s), 168.0 (s), 167.6 
(s), 163.5 (s) 146.0 (br), 137.5 (s), 133.6 (s), 129.7 
(s) 127.8 (s), 21.35 (s) ppm. IR(vCO) 2101(m), 
2077(s), 2070(s), 2022(s), 2015(s) cm-1. FAB mass 
spectrum calculated m/e 940, obs. m/e 942.

Preparation of 13CO enriched (g-H)2Os3(CO)9- 
(卩-BH<H아£)

Os3(CO)12 (41% 13CO) prepared by a published 
procedure8 was the starting point in the preparation 
of 13CO enriched (^-H)2Os3(CO)9(^-BH2CHC6H5). The 
enriched Os3(CO)12 was converted to H2Os3(CO)10 
by hydrogenation of the Os3(CO)12. The H2Os3(CO)10 
was converted to 13CO labeled (^-H)3Os3(CO)9(p3-BCO) 
by reacting it with B2H6. Thermolysis of the (卩-H)3Os3- 
(CO)9(卩 3-BCO) by the procedure described above 
yielded 13CO labeled (^-H)2Os3(CO)9(^-BH2CHC6H5).

RESULTS AND DISCUSSIONS

Reaction of (卩-H)3Os3(CO)9(pi3-BCO) with tolu
ene at 110 oC for 12 hours yielded a novel tri-osmium 
carbonyl boride cluster (^-H)2Os3(CO)9(^-BH2CHC6H5) 
in 5% yield based upon (卩-H)3Os3(CO)9(卩 3-BCO) 
(reaction 1). The osmium cluster is an

(卩-H)3Os3(CO)9(pi3-BCO)+toluene 一 

0i-H)2Os3(CO)90i-BH2CHC6H5)⑴

air-stable solid at room temperature. However, it 
decomposes at 110 oC. The cluster was characterized by 
1H, 11B & 13C NMR spectroscopies at various tem
peratures from -40 to 30 oC. 1H NMR spectrum at

Fig. 1. 1H and 1H{11B} NMR spectra of (|!-H)2Os3(CO)9(|i- 
BH2CHC6H5).

30 oC shows a sharp singlet at -19.7 ppm and two 
broad signals at -12.1 and -12.2 ppm which are par
tially overlapped. The boron decoupled 1H{11B} 
NMR spectrum at 30 oC shows the reduction of the 
broad signals to two sharp singlets at the same 
chemical shifts as shown in Fig. 1. Generally, the 
signal of hydrogen bridging between boron and 
transition metal atom in 1H NMR spectrum is broad 
at room temperature due to coupling with boron 
atom and the signal in the boron decoupled 1H{11B} 
NMR spectrum is sharpened to be a singlet. There
fore these two signals can be assigned to two non
equivalent hydrogens which bridge between osmium 
and boron atoms and thus couple with a boron 
atom. This is consistent with the signal in 1H NMR 
spectrum of bridge hydrogens B-H-Os of tri-osmium 
carbonyl boride cluster H2Os3(CO)9BH3 previously 
reported. The slight difference between two chem
ical shift values shows that this molecule has asym
metric structure but two hydrogens have very close 
etectronic environments. 1H NMR spectrum at -40 oC 
consists of two distinct sharp signals at -12.1 and 
-12.2 ppm which show two different non-equivalent 
hydrogens. The sharp singlet at -19.7 ppm can be 
assigned to Os-H-Os bridge hydrogens. This chem
ical shift is a typical value for bridge hydrogen 
between osmium and osmium atoms. The integra
tion of 1H NMR spectrum shows that the ratio of the 
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intensity of the signals at -12.1, -12.2, and -19.7 
ppm is 1:1:2. Therefore, the signal at -19.7 ppm can 
be assigned to two bridge hydrogens. 1H NMR 
spectrum at 30 oC does not show any broad signal 
at downfield which may be assigned to terminal 
hydrogen bonded to boron atom. However, it shows 
a singlet at 2.35 ppm assigned to aliphatic hydrogen 
bonded to carbon and three signals at 7.35, 7.23, 
and 7.14 ppm which are attributed to aromatic 
hydrogens. 11B NMR spectrum at 30 oC shows a 
broad signal at 36.10 ppm. This chemical shift, 
which is at a lower field than the resonance of typ
ical trigonal boron compounds,9 as the manner of 
that seen for carbides in 13C NMR spectroscopy,10 
suggests that this cluster has boridic character.11 The 
chemical shift in 11B NMR spectrum of transition 
metal boride is usually shown at the far downfield. 
For example, penta-osmium carbonyl boride cluster 
HOs5(CO)16B with an interstitial boron atom bonded 
to five osmium atoms has typical boridic nature. 
The value of the chemical shift of the cluster is 184.4 
ppm. However, the chemical shift of this new cluster 
is not that far downfield. Therefore, 11B NMR spec
trum suggests that the cluster should have a boron 
atom bonded to three osmium atoms. The proton 
decoupled 11B{1H} NMR spectrum at 30 oC shows a 
sharp signal. This means the cluster has a boron atom 
bonded to hydrogen atoms. Therefore, the signal can 
be assigned to boron which is bonded to hydrogen 
atoms which bridge osmium and boron atoms.

13C NMR spectrum of the tri-osmium borane clus
ter at room temperature is shown in Fig. 2. It con
sists of a quartet at 174.5, a doublet at 168.0, three 
singlets at 172.4, 167.6, and 163.5, a broad signal at 
146.0, a sin 읺 et at 137.5, three doublets at 133.6, 
129.7, 127.8, and 21.35 ppm. The five signals from 
174.5 to 163.5 ppm are due to terminal carbonyls 
bonded to osmium atoms. The 13C NMR spectrum 
of the cluster at -40 oC shows no change of the 
chemical shifts, indicative of no rapid exchange of 
the terminal carbonyls. The proton decoupled 13C{1H} 
NMR spectrum of the cluster shows five singlets at 
the same chemical shifts. That is, it shows the reduc
tions of the quartet to a singlet and the doublet to a 
singlet at the same chemical shifs, 174.5 and 168.2 ppm

Fig. 2. 13C(1H) and 13C NMR spectra of (|!-H)2Os3(CO)9- 
(U-BH2CHC6H5).

respectively. It suggests that the carbonyls couple 
with Os-H-Os bridge hydrogens. The ratio of five 
sin임ets at 174.5, 172.4, 168.0, 167.6, and 163.5 ppm 
in the proton decoupled 13C NMR spectrum is 
approximately 2 : 1 : 2 : 2 : 2. This cluster may have 
pseudo Cs symmetry with a tetrahedral Os3B core 
based on the spectra. The nine terminal carbonyls 
can be assigned based on the intensity and the char
acterization of the spectra as shown in Fig. 2. The 
quartet at 174.5 ppm reflecting coupling with two 
non-equivalent hydrogens can be assigned to two 
terminal carbonyls CO(5) which are trans to two 
hydrogens bridging osmium atoms. The singlet at 
172.3 ppm can be assigned to carbonyl CO(2). The 
doublet at 168.0 ppm coupled with a hydrogen can 
be assigned to two carbonyls CO(3) which are trans 
to one hydrogen. The two singlets at 167.6 and 
163.5 ppm can be assigned to two carbonyls CO(4) 
and two carbonyls CO(1), respectively, which do 
not have trans hydrogen. The broad signal at 146.0 
ppm shows that the carbon couples with a boron 
atom and thus the signal can be assigned to an 
vinylidene carbon which is bonded to a boron, ali
phatic carbon and osmium atoms. This chemical
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Fig. 3. FAB mass spectrum of(U-H)2Os3(CO)9。丄-BH2CHC6H5).

shift value is similar to that of the carbon atom bonded 
to boron and osmium atoms in (卩-H)3Os3(CO)9 [(卩 3- 
n2-C(OBC8H14)B(Cl)].12 Four signals from 137.5 to 
127.8 ppm are due to aromatic carbons and a signal at 
21.35 ppm to an aliphatic carbon. The singlet at 137.5 
ppm can be assigned to a aromatic cabon which has 
no hydrogen. and three doublets at 133.6, 129.7, and 
127.8 ppm, to aromatic cabons coupling with a 
hydrogen. The doublet at 21.35 ppm can be assigned 
to an aliphatic carbon coupling with a hydrogen.

The FAB mass spectrum of the cluster is shown 
in Fig. 3. The highest intensity peak in the parent 
envelope calculated for H10BC17O9Os3 is m/e=940 
and the value found m/e=942. The sequential loss 
of the carbonyl ligands was observed in the mass 
spectrum. The parent envelope and the distribution 
of peak intensities in the envelope in general are in 
accord with those predicted for natural abundance 
isotope distribution. IR spectrum shows typical 
vibration absorbance for terminal carbonyls and ali
phatic and aromatic carbon-hydrogen and carbon-

(i)oc
Fig. 4. Proposed molecular structure of (卩-H)2Os3(CO)9(卩- 
BH2CHC6H5).

carbon bonds. The solid state structure of was not 
characterized by the single crystal X-ray diffraction 
analysis. However, the molecular structure of (卩- 
H)2Os3(CO)9(|i-BH2CHC6H5) may be proposed as 
shown in Fig. 4 based on 1H, 11B, and 13C NMR, infra
red and FAB mass spectra. The molecule has pseudo 
Cs symmetry with a tetrahedral Os3B core where the 
boron atom is bonded to three osmium atoms. It has 
nine terminal CO’s of which three terminal CO’s are 
bonded to each osmium atom. A vinylidene carbon 
bonded by benzyl group is bonded to a boron and 
osmium atoms and the cluster has two B-H-Os bridge 
hydrogens and two Os-H-Os bridge hydrogens.
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