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Summary: The seven-coordinate osmium(IV) dihydride
cation [OsH2(κ2-O2CCH3)(H2O)(PiPr3)2]BF4 reacts with
ethylene to give the tetraethylene dimer complex [{(Pi-
Pr3)(η2-C2H4)2Os}2(µ-OH)2(µ-O2CCH3)]BF4, which has
been characterized by X-ray diffraction analysis. Two
ethylene molecules are disposed trans to the hydroxo
bridges, and the other two lie trans to the oxygen atoms
of the acetate group.

Reactions between transition-metal hydride com-
plexes and unsaturated organic molecules, in particular
alkynes and olefins, are fundamental steps in many
catalytic processes.1 In general, when the starting
transition-metal compound contains only one hydride
ligand, the reactions with alkynes afford alkenyl deriva-
tives, whereas the reactions with olefins yield alkyl
species. Both types of compounds are the result of the
insertion of the unsaturated carbon-carbon bond into
the M-H bond.2

The reactivity of osmium dihydride complexes toward
alkynes, HCtCR, is less clear. It appears that the
nature of the obtained products depends on factors
related to the electronic nature of the starting complex
and also on the nature of the substituent (R) of the
alkyne. Thus, in 1993, we reported that the six-coor-
dinate osmium(IV) dihydride OsH2Cl2(PiPr3)2 reacted
with phenylacetylene, cyclohexylacetylene, 1-(trimethyl-
silyl)-1,4-pentadiyne, and (trimethylsilyl)acetylene to
give the hydride-carbyne derivatives OsHCl2(tCCH2R)-
(PiPr3)2 (eq 1).3 However, recently, we have observed

that the reaction of the related seven-coordinate os-
mium(IV) dihydride cation [OsH2(κ2-O2CCH3)(H2O)(P-
iPr3)2]+ with phenylacetylene affords the metallacyclopro-

pene derivative [OsH(κ2-O2CCH3){C(Ph)CH2}(PiPr3)2]+,
while carbyne compounds, related to the ones shown
in eq 1, are obtained with tert-butylacetylene and
(trimethylsilyl)acetylene (Scheme 1).4

The reactions of osmium dihydride complexes with
olefins start to point out a situation similar to that found
with alkynes. Recently, Caulton and co-workers have
reported that the complex OsH2Cl2(PiPr3)2 reacts with
propene and styrene to give equimolecular amounts of
OsHCl2(tCCH2R)(PiPr3)2 (R ) CH3, Ph) and of the
hydrogenated olefin.5 Now, we report that the related
complex [OsH2(κ2-O2CCH3)(H2O)(PiPr3)2]BF4 reacts with
ethylene to afford the tetraethylene dimer com-
pound [{(PiPr3)(η2-C2H4)2Os}2(µ-OH)2(µ-O2CCH3)]BF4
and ethane, according to eq 2, while styrene is inert.

The formation of the tetraethylene complex is re-
markable, and as far as we know, dimeric compounds
containing two ethylene molecules coordinated to each
metallic center are unknown in osmium chemistry. The
reaction, like those previously reported by Caulton’s
group, involves the hydrogenation of 1 equiv of olefin/
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equiv of dihydride. Furthermore, in this case, a deep
transformation in the skeleton of the starting complex
is observed. The most noticeable feature is the depro-
tonation of the water molecule by one of the coordinated
phosphine ligands.

Figure 1 shows a view of the cation of [{(PiPr3)(η2-
C2H4)2Os}2(µ-OH)2(µ-O2CCH3)]BF4. Selected bond dis-
tances and angles are listed in Table 1. The cation
consists of two Os(η2-C2H4)2(PiPr3) fragments connected
though an acetate and two hydroxo bridges. Although
crystallographically the two fragments are not related,
they can be considered equivalent from a chemical point
of view, due to the presence of a pseudo-C2 axis, which
contains the C(19)-C(20) bond of the acetate group. In
agreement with this, the 31P{1H} NMR spectrum shows
only one singlet at -18.3 ppm.

The coordination geometry around the osmium atoms,
Os(1) and Os(2), can be rationalized as being derived
from highly distorted octahedrons with the ethylene
molecules C(21)-C(22) and C(27)-C(28) disposed trans
to the hydroxo bridges O(1)-H and O(2)-H, respec-
tively, and the ethylene molecules C(23)-C(24) and
C(25)-C(26) disposed trans to the oxygen atoms O(3)
and O(4) of the acetate group, respectively.

The olefinic ligands C(21)-C(22) and C(23)-C(24)
coordinated to the Os(1) atom are mutually orthogonal,
with an angle between the respective vectors of 88.0(7)°.
The ethylene C(21)-C(22) eclipses the O(2)-P(1) vector,
whereas the ethylene C(23)-C(24) lies parallel to the
vector defined by O(1) and the midpoint of the C(21)-
C(22) bond (M1). The angles between the vectors are
4(6) and 8(1)°, respectively. The orthogonal disposition
of the ethylene ligands has been also observed in the

mononuclear bis(ethylene) complex [OsH(η2-C2H4)2(PMe2-
Ph)3]+. Such orthogonality avoids competition of the two
olefin π* orbitals for back-bonding from the same filled
dπ orbital.6

In contrast with the ethylenes coordinated to Os(1),
the vectors of the ethylenes coordinated to Os(2) (C(25)-
C(26) and C(27)-C(28)) are not orthogonal, the angle
between them being 50(1)°. The vector C(27)-C(28) is
parallel to the vector P(2)-O(1). The angle between
these is 9.3(8)°. However, the vector C(25)-C(26) and
that defined by O(2) and the midpoint of the C(27)-
C(28) bond (M4) form an angle of 34.7(9)°.

The ethylenes disposed trans to the acetate bridge
(C(23)-C(24) and C(25)-C(26)) coordinate to the re-
spective osmium atoms in a symmetrical fashion, with
Os-C distances between 2.138(12) and 2.160(12) Å.
However, the coordination of the ethylenes disposed
trans to the hydroxo bridges (C(21)-C(22) and C(27)-
C(28)) is asymmetrical. The Os(1)-C(21) (2.168(10) Å)
and Os(2)-C(28) (2.153(12) Å) bond distances agree well
the separations found between the osmium atoms and
the carbon atoms of the olefins disposed trans to the
acetate group, while the Os(1)-C(22) (2.211(10) Å) and
Os(2)-C(27) (2.234(12) Å) bond lengths are between
0.05 and 0.09 Å longer than the latter. In the complex
OsH(OH)(CO){η2-CH2dCHCO2CH3}(PiPr3)2, an asym-
metrical coordination of methyl acrylate has been also
found.7 The olefinic bond distances (between 1.32(2) and
1.456(15) Å) are within the range reported for other
osmium ethylene complexes.8

The different coordination manner of the ethylenes
is reflected in the 13C{1H} and 1H NMR spectra of the
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Figure 1. Molecular diagram of [{(PiPr3)(η2-C2H4)2Os}2-
(µ-OH)2(µ-O2CCH3)]+. Hydrogen atoms are omitted for
clarity. Thermal ellipsoids represent 50% probability.

Table 1. Selected Bond Distances (Å) and Angles
(deg) for the Complex

[{(PiPr3)(η2-C2H4)2Os}2(µ-OH)2(µ-O2CCH3)]BF4
a

Os(1)-P(1) 2.394(3) Os(2)-P(2) 2.404(3)
Os(1)-O(1) 2.083(7) Os(2)-O(1) 2.133(8)
Os(1)-O(2) 2.166(7) Os(2)-O(2) 2.103(7)
Os(1)-O(3) 2.132(8) Os(2)-O(4) 2.095(8)
Os(1)-C(21) 2.168(11) Os(2)-C(25) 2.138(12)
Os(1)-C(22) 2.211(10) Os(2)-C(26) 2.160(12)
Os(1)-C(23) 2.148(13) Os(2)-C(27) 2.234(12)
Os(1)-C(24) 2.158(11) Os(2)-C(28) 2.153(12)
C(21)-C(22) 1.435(16) C(25)-C(26) 1.32(2)
C(23)-C(24) 1.456(15) C(27)-C(28) 1.42(2)
O(4)-C(19) 1.286(14) O(3)-C(19) 1.268(14)

P(1)-Os(1)-O(1) 92.7(2) P(2)-Os(2)-O(1) 158.1(2)
P(1)-Os(1)-O(2) 165.15(18) P(2)-Os(2)-O(2) 86.2(2)
P(1)-Os(1)-O(3) 92.6(2) P(2)-Os(2)-O(4) 89.3(3)
P(1)-Os(1)-M(1) 96.7(1) P(2)-Os(2)-M(3) 95.0(4)
P(1)-Os(1)-M(2) 90.6(3) P(2)-Os(2)-M(4) 99.8(4)
O(1)-Os(1)-O(2) 73.0(3) O(1)-Os(2)-O(2) 73.3(3)
O(1)-Os(1)-O(3) 80.6(3) O(1)-Os(2)-O(4) 82.2(3)
O(1)-Os(1)-M(1) 158.1(4) O(1)-Os(2)-M(3) 95.8(5)
O(1)-Os(1)-M(2) 100.6(4) O(1)-Os(2)-M(4) 98.3(4)
O(2)-Os(1)-O(3) 88.9(3) O(2)-Os(2)-O(4) 86.4(3)
O(2)-Os(1)-M(1) 98.1(4) O(2)-Os(2)-M(3) 99.8(4)
O(2)-Os(1)-M(2) 88.4(4) O(2)-Os(2)-M(4) 164.1(4)
O(3)-Os(1)-M(1) 79.3(4) O(4)-Os(2)-M(3) 172.7(4)
O(3)-Os(1)-M(2) 176.5(4) O(4)-Os(2)-M(4) 79.0(5)
M(1)-Os(1)-M(2) 99.0(4) M(3)-Os(2)-M(4) 94.4(6)

a M(1), M(2), M(3), and M(4) are the midpoints of the C(21)-
C(22), C(23)-C(24), C(25)-C(26), and C(27)-C(28) double bonds,
respectively.

Notes Organometallics, Vol. 19, No. 16, 2000 3261

D
ow

nl
oa

de
d 

by
 N

O
R

T
H

 C
A

R
O

L
IN

A
 C

O
N

SO
R

T
IU

M
 o

n 
Ju

ne
 2

9,
 2

00
9

Pu
bl

is
he

d 
on

 J
ul

y 
8,

 2
00

0 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

02
14

p



complex at room temperature. The 13C{1H} NMR spec-
trum shows three olefinic resonances at 51.1, 50.2, and
47.3 ppm, whereas the 1H NMR spectrum contains two
complex olefinic resonances between 3.24 and 3.00, and
2.66 and 2.54 ppm, with a 3:1 intensity ratio. In
addition, we should mention the resonance correspond-
ing to the protons of the hydroxo groups, which appears
at 1.47 ppm as the AA′ part of an AA′XX′ spin system.
Variable-temperature 1H NMR spectra are poorly in-
formative, since peaks corresponding to the PiPr3 ligands
are overlapping with some of the ethylene peaks.

The osmium atoms and the hydroxo bridges form a
four-membered M2L2 core, which has a slightly bent
configuration. The dihedral angle between the O(1)-
Os(1)-O(2) and O(1)-Os(2)-O(2) planes is 162.8(2)°.
The Os-OH bonds disposed trans to the ethylene
ligands (d(Os(1)-O(1)) ) 2.083(7) Å and d(Os(2)-O(2))
) 2.103(7) Å) are shorter than those disposed trans to
the phosphines (d(Os(1)-O(2)) ) 2.166(7) Å and d(Os(2)-
O(1)) ) 2.133(8) Å), which is probably due to the
different trans influence of the olefin and phosphine
ligands. The separation between the osmium atoms
(3.3696(9) Å) indicates that there is no bond between
them, in agreement with the saturated character of both
osmiums.

In conclusion, ethylene reacts with the seven-coordi-
nate osmium(IV) dihydride cation [OsH2(κ2-O2CCH3)-
(H2O)(PiPr3)2]+ to afford the novel tetraethylene dimer
complex [{(PiPr3)(η2-C2H4)2Os}2(µ-OH)2(µ-O2CCH3)]+,
whereas styrene is inert.

The marked difference in behavior between these
olefins and the marked difference in behavior between
the cationic dihydride and OsH2Cl2(PiPr3)2 indicate that
the prediction of the products resulting from reactions
between osmium compounds containing two hydrogen
atoms bonded to the metal and olefins presents limita-
tions similar to those previously mentioned for the
reactions of this type of species with terminal alkynes.4

Experimental Section

All reactions were carried out with rigorous exclusion of air
using Schlenk-tube techniques. Solvents were dried by the
usual procedures and distilled under argon prior to use. The
starting material [OsH2(κ2-O2CCH3)(H2O)(PiPr3)2]BF4 was pre-
pared by the published method.4

Preparation of [{(PiPr3)(η2-C2H4)2Os}2(µ-OH)2(µ-O2C-
CH3)]BF4. A solution of [OsH2(κ2-O2CCH3)(H2O)(PiPr3)2]BF4

(138 mg, 0.2 mmol) in CH2Cl2 (10 mL) was stirred for 5 h at

0 °C under an ethylene atmosphere. The resulting solution
was concentrated to dryness to afford a yellow residue (the
31P{1H} NMR spectrum of this residue shows that the reaction
is almost quantitative). The yellow residue was dissolved in
ca. 0.5 mL of CH2Cl2, and diethyl ether was added to afford a
pale yellow solid. NMR data (1H and 31P{1H}) of this solid show
a mixture (10:6) of phosphonium salt and the title complex.
Succesive crystallizations in mixtures of CH2Cl2/diethyl ether
allowed us to separate yellow crystals of [{(PiPr3)(η2-C2H4)2-
Os}2(µ-OH)2(µ-O2CCH3)]BF4 from the phosphonium salt.
Yield: 15 mg (15%). IR (Nujol, cm-1): ν(OH) 3570 and 3541,
νasym(OCO) 1580, ν(B-F) 1056. 1H NMR (300 MHz, CDCl3,
298 K): δ 3.24-3.00 (m, 12H, CH2dCH2), 2.66-2.54 (m, 4H,
CH2dCH2), 2.54-2.46 (m, 6H, PCH), 1.88 (s, 3H, MeCO2), 1.47
(m, AA′ part of an AA′XX′ spin system, 2H, OH), 1.19 (dd, 18H,
3J(PH) ) 12.3 Hz, 3J(HH) ) 6.9 Hz, PCHCH3). 31P{1H} NMR
(121.42 MHz, CDCl3, 298 K): δ -18.3 (s). 13C{1H} NMR (75.47
MHz, CDCl3, 298 K, plus APT): δ 179.9 (s, MeCO2), 51.1 (s,
CH2dCH2), 50.2 (s, CH2dCH2), 47.3 (s, CH2dCH2), 25.7 (s,
MeCO2), 24.6 (d, 1J(PC) ) 26.3 Hz, PCH), 19.9 and 19.5 (both
s, PCHCH3). Anal. Calcd for C28H63BF4O4Os2P2: C, 33.87;
H, 6.40. Found: C, 34.04; H, 6.46. MS (FAB+): m/z 907 (30)
(M+), 879 (35) (M+ - (CH2dCH2)), 851(50) (M+ - 2(CH2dCH2)),
803(100) (M+ - (CH2dCH2)-(OH)-(CH2dCH2)).

X-ray Structure Analysis of [{(PiPr3)2(η2-C2H4)2Os}2(µ-
OH)2(µ-O2CCH3)]BF4. A crystal suitable for X-ray diffraction
analysis (0.28 × 0.22 × 0.04 mm) was mounted onto a glass
fiber and transferred to a Siemens-P4 automatic diffractometer
(T ) 200.0(2) K, Mo KR radiation, graphite monocromator,
λ ) 0.710 73 Å). Accurate unit cell parameters and an
orientation matrix were determined by least-squares fitting
from the settings of 60 high-angle reflections (monoclinic, space
group P21/n, a ) 15.371(3) Å, b ) 11.934(3) Å, c ) 19.360(5)
Å, â ) 90.00(1), V ) 3551.4 Å3, Z ) 4). Data were collected by
the ω/2θ scan method over a θ range of 1.5-25°. Corrections
for decay and absorption (semiempirical method) were applied.
The structure was solved by Patterson (Os atom) and conven-
tional Fourier techniques and refined by full-matrix least
squares on F2 (SHELXL97).9 Anisotropic parameters were used
in the last cycles of refinement for all non-hydrogen atoms.
Hydrogen atoms (except those corresponding to hydroxy and
olefinic groups) were included in calculated positions and
refined riding on their respective carbon atoms with the
thermal parameter related to the bonded atoms. Atomic
scattering factors, corrected for anomalous dispersion, were
implemented by the program. The refinement converges to
R1(F) ) 0.0488 (F2 > 2σ(F2)), and wR2(F2) ) 0.1162 (all data),
with weighting parameters x ) 0.0505 and y ) 0.
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