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Abstract

Thermolysis of H,0s,(CO),,P(OMe), with an excess of L' (L' = P(OMe), or
PEt;) in toluene at 80°C initially affords an addition product with a formulation
H,0s5(CO),,LL’", which undergoes decarbonylation on prolonged heating to give
H,0s5(CO),;LL". The latter cluster can be obtained under much milder conditions
by the direct reaction of H,0s;(CO),,P(OMe); with Me;NO in the presence of the
appropriate phosphorus donor ligand. A single crystal structure of H,O0s(CO),;P-
(OMe),PEt,; has revealed a trigonal bipyramidal metal framework with a P(OMe);
ligand attached to an apical osmium atom and a PEt, ligand attached to an
equatorial osmium atom of the bipyramid. Both of the hydride ligands have been
shown by potential energy calculations to be edge-bridging. In solution, these
hydride ligands are fluxional at room temperature; the fluxional process can be
frozen by cooling the sample to 213 K, where the 'H NMR spectrum shows a pair
of doublets of doublets.

Introduction

The substitution chemistry of the pentaosmium carbonyl clusters H,0s5(CO);
and Os;(CQO),, has been studied by the thermal and chemical activation of the
Os-CO bond [1-4]. Thermolysis gives an addition product at the expense of a
metal-metal bond [1], whereas chemical activation gives a simple substituted
product [4]. For example, thermolysis of H,0s5(CO);s with P(OMe), in refluxing
octane yields an addition product H,0s;(CO),sP(OMe), with an open edge-bridged
tetrahedral metal skeleton that undergoes decarbonylation on further heating to
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afford H,0s,(CO),,P(OMe),, which has a closed trigonal bipyramidal metal skele-
ton [1,2]. The latter cluster can be obtained [4] directly by the chemical activation of
H,0s,(C0O),; with Me,NO in the presence of P(OMe),. Recently, we showed that
the decarbonylation of H,Os,(CO),;sP(OMe), to form H,0s;(CO),,P(OMe), is
accompanied by the metal framework reorganisation, and suggested a mechanism
showing metal framework reorganisation [4].

We have investigated further the substitution of H,0s;(CO),,L by simple
phosphorus donor ligands, and now describe the synthesis and crystal structure of
H,0s,(CO),;P(OMe),PEt; and some of its chemistry. A preliminary communica-
tion has appeared [2].

Results and discussion

Reacrivity of H,Os5(CO), L

The cluster H,O0s(CQO),s (1) reacts with a range of nucleophiles to give addition
products of the type H,0s,(CO),sL (L = P(OMe),, PEt; or PPh,) in which one
metal-metal bond is broken and an edge-bridged tetrahedral metal framework
formed [1]. The incoming ligand L has been shown by X-ray crystallography to
occupy an equatorial site on the edge-bridged metal atom [1]. The complex
H,0s,(CO)s L undergoes decarbonylation on further heating to give H,0s,(CO),L
(L = P(OMe), (2) or PEt, (3)), which is based on a trigonal bipyramidal metal
skeleton with the ligand L attached to one of the equatorial osmium atoms of the
bipyramid [2]. It was therefore thought that the complex H,O0s,(CO),,L, which is
isoelectronic with 1 and has a trigonal bipyramidal geometry, may undergo a similar
kind of reaction with the ligand L to afford an addition product with an open
structure. In the light of this, the thermolysis of H,0s,(CO),,L in the presence of
an excess of ligand L was investigated. When 2 was treated with ligand L (L =
P(OMe), or PEt,) in refluxing n-heptane for 16 h, the product of formula
H,0s;(CO),;P(OMe),L (L = P(OMe), (4) or PEt; (5)) was obtained. If the ther-
molysis is carried out in toluene at 80°C for shorter time the product is a brown
cluster with the formula H,0s;(CO),,P(OMe),L (L = P(OMe), (6) or PEt, (7)),
which undergoes decarbonylation to give 4 on further heating. The latter reaction is
reversible, the reaction of 4 with CO (40 atm, 50°C) affording mainly 6. The
clusters 6 and 7 have been characterised by IR and mass spectroscopy (see Table 1
for 6). The '"H NMR spectrum of 6 at room temperature in the hydride region
displays a number of resonances indicative of the presence of isomers in solution
and shows no change when the solution is cooled to 213 K. Attempts to grow
suitable single crystals of 6 were not successful. Since 6 exists in a number of
isomeric forms in solution, neither 'H nor *’P NMR spectroscopy is of great help,
and we do not know the exact location of either the hydride or the phosphite ligand
in this cluster. In terms of electron counting, the cluster with the formula
H,0s,(CO),,P(OMe);L is a 74 electron species, and a square-based pyramidal or
an edge-bridged tetrahedral metal framework is predicted by both the effective
atomic number (e.a.n.) rule and the polyhedral skeletal electron pair theory. If the
reaction of 2 with P(OMe); proceeds by the opening out of the trigonal bipyramid,
in a manner similar to that observed [1] in the formation of H,0s(CO),sP(OMe),,
then an edge-bridged tetrahedral metal skeleton may be proposed for the cluster
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Table 1

Infrared and mass spectral data for compounds 6, 8 and 9

Cluster IR Mass
spectrum * spectrum ®
»(CO) (cm™1) (m/e)
H,;0s5(CO) 4 {P(OMe); ]}, 2093 (vw), 2055 (m), 2030 (vs), 1602
) 2012 (m), 1991 (w), 1971 (w,br)
H,0s5(C0O),53{P(OMe); }, 2077 (s), 2032 (vs), 2007 (s), 1574
¢)) 1968 (m)
H,0s5(CO),;P(OMe);PEt, 2077 (m), 2027 (s), 2005 (s) 1570
) 1969 (m)

“ In CH,Cl,. ® Based on 2 0Os.

H,0s5(CO),,P(OMe),L (L = P(OMe); (6) or PEt, (7)) (Fig. 1), although a square
based pyramidal structure is also possible.

The conversion of H,0s,(CO),,P(OMe), into H,0s;(CO),,P(OMe);L (L = PEt,
(7), structure A) simply involves the opening out of the cluster to accommodate the
incoming ligand L, whereas the transformation to structure B would involve either
the metal framework rearrangement or phosphite migration, or perhaps both. We
have not so far been able to determine what is actually happening. A similar
situation is encountered in the transformation of H,0ss(CO),sP(OMe); to
H,0s5(CO),,P(OMe); [2,4]. In these case the ligand migration has been ruled out
on the basis of spectroscopic data, and a metal framework rearrangement has been
proposed to be occurring [4]. Metal framework rearrangement is a common feature
in metal cluster chemistry, and has been observed in a number of heterometallic
clusters containing Group IB metal ligands and a number of mechanisms have been
proposed [5,6]. It is more likely that the transformation of H,Os(CO),,P(OMe); to
H,0s5,(CO),,P(OMe),;L (L = PEt; (7), structure B) may involve a metal framework
rearrangement (if it is assumed that no phosphite migration is taking place) and is
shown in Fig. 2. This rearrangement proceeds via a square-based pyramidal metal
skeleton as an intermediate, which is an alternative geometry for a 74 electron
species and is in accordance with Johnson’s proposed mechanism [7].

On further heating in toluene at 80°C, the cluster H,Os,(CO);,P(OMe);L
undergoes decarbonylation to afford H,0ss(CO),;P(OMe),L (L = P(OMe), (8) or
PEt; (9)). These clusters have been fully characterised by spectroscopic techniques
(Table 1). The IR spectra of 8 and 9 in the terminal carbonyl region are very similar,
indicating that they have a similar structures. The 'H NMR spectrum of 8 does not
display any resonances in the hydride region at 298 K, but as the sample is cooled to
253 K, broad and weak resonances at § —19.8 and —22.7 start to appear (Fig. 3).

P(OMe)3 L

L P(OMe);

Structure A Structure B

Fig. 1. Proposed structure of H,0s;(CO),P(OMe);L (L = PEt; (7).
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Fig. 2. Proposed mechanism for the transformation of H,0ss(CO),,L (2) to H,0s5(CO);;LL" (9)
(L = P(OMe),, L’ = PEt,).
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Fig. 3. "H NMR spectrum of H,05,(C0O);;{P(OMe); }, (8) at variable temperatures.
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Fig. 4. The molecular structure of H,0s5(CO),;P(OMe);PEt, (9).

On further cooling to 233 K these resonances sharpen, and finally at 213 K the
spectrum exhibits a pair of doublets of doublets (Fig. 3). This suggests that both the
hydride ligands are coupled to the phosphorus atom of the P(OMe), group and are
in the edge-bridging (u,-) positions. *'P{'H} NMR spectrum of 8 displays a pair of
doublet resonances, one at 8 —34.87 and another at —63.23 with *J(P-P) ca. 11
Hz, suggesting that both the phosphite ligands are in the inequivalent environment,
and this is supported by the 'H NMR spectra, which show two distinct doublet
resonances with *J(P-H) ca. 12 Hz.

In terms of electron counting the cluster with formula H,Os(CO),,P(OMe);L is
a 72 electron species and a closo-trigonal bipyramidal metal framework is predicted
by both the effective atomic number (e.a.n.) rule and the polyhedral skeletal
electron pair theory. In order to confirm this prediction and also to establish the
exact molecular geometry of these clusters, a single crystal X-ray structure de-
termination was carried out for 9. Suitable single crystals of 9 were grown by the
slow evaporation of CH,Cl,/hexane solution at ~5°C during 3-4 days.

The molecular structure of H,Os(CO),;P(OMe);PEt; (9) is shown in Fig. 4.
Lists of bond lengths and bond angles are given in Tables 2 and 3. The five osmium
atoms define a trigonal bipyramid with a P(OMe), ligand attached to an apical
osmium atom and a PEt, ligand attached to an equatorial osmium atom. All the
carbonyl ligands are terminally coordinated. The osmium atoms which are associ-
ated with the phosphorus donor ligands are coordinated to two terminal carbonyl
ligands, whereas the remaining osmium atoms are each coordinated to three
carbonyl ligands. The hydride ligands were not located directly in the crystallo-
graphic study, but have been placed at the positions shown in the Fig. 5 on the basis
of potential energy calculations. Both the hydride ligands bridge the equivalent
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Table 2
Bond lengths (A) for H,0s,(C0),;P(OMe), PEt; (9)

Os(1)-0s(2) 2.990(2) 0Os(1)-0s(3) 2.879(2)
0s(1)-0s(4) 2.684(2) Os(1)~P(1) 2.238(5)
Os(1)-C(11) 1.915(19) 0s(1)-C(12) 1.877(22)
0s(2)-0s(3) 2.897(2) 0s(2)-Os(4) 2.821(2)
0s(2)-0s(5) 3.045(2) 0s(2)-P(2) 2.380(5)
0s(2)-C(21) 1.913(29) 0s(2)-C(22) 1.874(18)
0s(3)-Os(4) 2.824(2) 0s(3)-0s(5) 2.847(2)
0s(3)-C(31) 1.996(20) 0s(3)-C(32) 1.907(22)
0s(3)-C(33) 1.915(25) Os(4)-0s(5) 2.737(2)
Os(4)-C(41) 1.913(20) Os(4)-C(42) 1.830(24)
Os(4)-C(43) 1.903(27) Os(5)-C(51) 1.925(20)
0s(5)-C(52) 1.913(25) 0s(5)-C(53) 1.900(24)
P(1)-0(1) 1.537(27) P(1)-0(2) 1.629(26)
P(1)-0(3) 1.566(19) O(1)-C(1) 1.321(48)
0(2)-C(2) 1.425(52) 0(3)-C(3) 1.343(33)
P(2)-C(4) 1.783(29) P(2)-C(6) 1.841(22)
P(2)-C(8) 1.833(28) C(4)-C(5) 1.572(35)
C(6)-C(T) 1.498(35) C(8)-C(9) 1.469(55)
C(11)-0(11) 1.127(24) C(12)-0(12) 1.178(29)
C(21)-0(21) 1.119¢33) C(22)-0(22) 1.148(24)
C(31)-0(31) 1.039(24) C(32)-0(32) 1.135(27)
C(33)-0(33) 1.150(30) C(41)-0(41) 1.141(24)
C(42)-0(42) 1.190(31) C(43)-0(43) 1.146(31)
C(51)-0(51) 1.118(24) C(52)-0(52) 1.162(30)
C(53)-0(53) 1.152(30)

equatorial Os(2)-Os(3) and equatorial-axial Os(2)-Os(5) edges, and a similar
arrangement of hydride ligands has been observed previously in the mono-sub-
stituted complex H,Q0s(CO),,PEt; (3) [2.4].

The structural parameters for 9 are similar to those for the mono-substituted
complex 3. Again the longest Os-Os bonds are associated with the equatorially
phosphine substituted metal atom, Os(2). In this structure the apical Os(1) atom is
electron-poor with 17 electrons, while one of the equatorial osmium atom is
formally electron-rich. The electron imbalance is partially redressed by iwo incipient
semi-bridging carbonyl groups, C(21)0(21) and C(42)0(42), which bridge to Os(1)
(Os(1)-C(21), 2.78(3) A; Os(2)-C(21)-0(21), 166(2)°; Os(1)-C(42), 2.63(3) A:
Os(4)-C(42)-0(42), 167(3)°). The equatorial Os(2)-P(2) phosphine distance is
similar in to the equatorial Os—P phosphine distance in 3, while the axial Os(1)-P(1)
phosphite distance is ca. 0.14 A shorter.

The hydride positions in these two structures are of particular interest. It might
be expected that, in order to maintain an electronically balanced structure, each
apical metal atom would be bonded to a hydride which bridges to an equatorial
osmium atom. The presence of a hydride bridging an equatorial-equatorial Os-Os
bond introduces the electron imbalance, and requires an equatorial-apical Os-Os
donor bond to restore the electron balance.

Depending on the structure of 7 (structure A or B, Fig. 1), the decarbonylation of
7 to 9 could involve either (i) a simple metal-metal bond formation, (ii) a metal
framework rearrangement, or (iii) a ligand migration. If struciure B is regarded as
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Bond angles (deg.) for H,0s5(CO);,P(OMe),PEt; (9)
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0s(2)-0s(1)-0s(3)
0s(3)-0s(1)-0s(4)
0s(3)-0s(1)-P(1)

0s(2)-0s(1)-C(11)
Os(4)-0Os(1)-C(11)
Os(2)-0s(1)-C(12)
Os(4)-0s(1)-C(12)
C(11)-Os(1)—C(12)
0s(1)-0s(2)-0s(4)
Os(1)—0s(2)-0s(5)
Os(4)-0s(2)-0s(5)
0s(3)-0s(2)-P(2)

0s(5)-0s(2)-P(2)

0s(3)-0s(2)-C(21)
0s(5)-0s(2)-C(21)
0s(1)-0s(2)-C(22)
Os(4)-0s(2)-C(22)
P(2)-0s(2)-C(22)

0s(1)-0s(3)-0s(2)
0s(2)-0s(3)-0s(4)
0s(2)-0s(3)-0s(5)
0s(1)-0s(3)-C(31)
Os(4)-0s(3)-C(31)
0s(1)-0s(3)-C(32)
Os(4)-0s(3)-C(32)
C(31)-0s(3)-C(32)
0s(2)-0s(3)-C(33)
0s(5)-0s(3)-C(33)
C(32)-0s(3)-C(33)
Os(1)-Os(4)-0s(3)
Os(1)-0s(H-0s(5)
0s(3)-0s(4)-0s(5)
0Os(2)-0s(4)-C(41)
Os(5)-0s(4)-C(41)
Os(2)-0s(4)-C(42)
0s(5)-0s(4)-C(42)
Os(1)-0s(4)-C(43)
0s(3)-0s(4)-C(43)

C(41)—0s(4)—C(43)
0s(2)-0s(5)-0s(3)
0s(3)-0s(5)-0s(4)
Os(3)-0s(5)-C(51)
0s(2)-0s(5)-C(52)
0s(4)-0s(5)-C(52)
0s(2)-0s(5)-C(53)
Os(4)-0s(5)~C(53)
C(52)-0s(5)-C(53)
0s(1)-P(1)-0(2)
0s(1)-P(1)-0(3)
0(2)-P(1)-0(3)
P(1)-0(2)-C(2)
0s(2)-P(2)-C(4)
C(4)-P(2)-C(6)
C(4)-P(2)-C(8)

59.1(1)
60.9(1)
99.0(1)
108.8(7)
113.1(9)
102.0(5)
153.7(5)
89.7(10)
54.9(1)
101.1(1)
55.5(1)
112.5(1)
100.2(1)
106.0(7)
163.1(7)
104.7(6)
87.8(6)
97.3(6)
62.3(1)
59.1(1)
64.0(1)
100.9(6)
86.7(6)
80.2(5)
135.7(5)
95.3(9)
109.0(5)
71.5(7)
89.4(9)
63.0(1)
118.6(1)
61.6(1)
157.6(6)
97.5(6)
109.0(8)
165.6(8)
142.0(7)
139.5(6)

95.2(10)
58.8(1)
60.7(1)
88.6(7)
108.3(8)
162.3(8)
114.5(5)
106.1(5)
89.7(9)
114.8(8)
111.1(8)
103.3(13)
138.4(23)
112.5(9)
106.1(11)
103.5(12)

0s(2)-0s(1)-0s(4)
0Os(2)-0s(1)-P(1)

Os(4)-0s(1)-P(1)

Os(3)-0s(1)-C(11)
P(1)-0s(1)-C(11)

0s(3)-0s(1)-C(12)
P(1)-0s(1)-C(12)

0s(1)-0s(2)-0s(3)
0s(3)-0s(2)-0s(4)
0s(3)-0s(2)-0s(5)
Os(1)-0s(2)-P(2)

Os(4)-0s(2)-P(2)

Os(1)-0s(2)-C(21)
0Os(4)-0s(2)-C(21)
P(2)-0s(2)-C(21)

0s(3)-0s(2)-C(22)
Os(5)-0s(2)-C(22)
C(21)-0s(2)-C(22)
0s(1)-0s(3)-0s(4)
0Os(1)-0s(3)-0s(5)
Os5(4)-0s(3)-0s(5)
0s(2)-0s(3)-C(31)
Os(5)-0s(3)-C(31)
0s(2)-0s(3)-C(32)
0s(5)-0s(3)-C(32)
Os(1)-0s(3)-C(33)
0s(4)-0s(3)-C(33)
C(31)-0s(3)-C(33)
Os(1)-0s(4)-0s(2)
0s(2)-0s(4)-0s(3)
0s(2)-0s(4)-0s(5)
0s(1)-0s(4)~-C(41)
0s(3)-0s(4)-C(41)
Os(1)-0s(4)-C(42)
0s(3)-0s(4)-C(42)
C(41)-0s(4)-C(42)
0s(2)-0s(4)-C(43)
Os(5)-0s(4)-C(43)

C(42)-Os(4)-C(43)
0s(2)-0s(5)-O0s(4)
0s(2)-0s(5)-C(51)
Os(4)-0s(5)-C(51)
0s(3)-0s(5)-C(52)
C(51)-0s(5)-C(52)
0s(3)-0s(5)-C(53)
C(51)-0s(5)-C(53)
0s(1)-P(1)-0O(1)
Os(1)-P(1)-0(2)
O(1)-P(1)-0(3)
P(1)-O(1)-C(1)
P(1)-0(3)-C(3)
0s(2)-P(2)-C(6)
Os(2)-P(2)-C(8)
C(6)-P(2)-C(8)

59.3(1)
156.1(2)
103.0(2)
167.8(7)
92.6(6)
94.2(5)
88.3(5)
58.5(1)
59.2(1)
57.2(1)
144.0(2)
155.5(2)
64.9(7)
116.2(7)
87.9(7)
146.9(6)
105.0(7)
88.5(10)
56.1(1)
109.0(1)
57.7Q1)
145.8(6)
98.3(7)
109.5(5)
161.6(5)
162.6(7)
134.7(7)
93.9(8)
65.7(1)
61.8(1)
66.4(1)
113.8(8)
97.4(7)
68.4(10)
129.6(10)
90.2(9)
96.5(6)
78.7(6)

88.5(11)
58.1(1)
143.4(7)
92.9(6)
103.2(8)
94.1(9)
166.8(5)
93.6(9)
119.1(10)
105.7(13)
100.9(12)
131.0(25)
136.6(23)
114.(7)
114.2(8)
104.8(13)

(continued)
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Table 3 (continued)

P(2)—C(4)-C(5) 116.6(22) P2)-C(6)-C(7) 113.8(21)
P(2)-C(8)-C(9) 114.5(21) 0s(1)-C(11)-O(11) 177.7(24)
0s(1)-C(12)-0(12) 176.8(14) 0s(2)-C(21)-0(21) 166.3(21)
0s(2)-C(22)-0(22) 173.4(18) 0s(3)-C(31)-0(31) 176.1(21)
05(3)-C(32)-0(32) 174.3(14) 0s(3)-C(33)-0(33) 170.2(18)
Os(4)-C(41)-0(41) 178.1(21) Os(4)-C(42)-0(42) 166.6(26)
Os(4)-C(43)-0(43) 171.921) 0s(5)-C(51)-0(51) 175.9(20)
0s(5)-C(52)-0(52) 178.0(16) 0s(5)-C(53)-0(53) 177.8(17)

the correct structure of 7, then the decarbonylation would simply involve a
metal-metal bond formation to give 9 (Fig. 2). If structure A is the actual structure
for 7, then the decarbonylation would involve either a metal framework rearrange-
ment or ligand migration, or perhaps both. Keeping these ideas in mind, we
monitored the decarbonylation of 7 by 'H NMR spectroscopy. On the NMR time
scale no dissociation of the phosphite/phosphine ligand was detected, which
minimises the possibility of migration of the ligand from one osmium atom to
another. Thus the transformation of 7 (structure A) to 9 is thought to involve a
metal polyhedron rearrangement (Fig. 6). The metal polyhedron rearrangement
shown in Fig. 6 proceeds via a square-based pyramidal intermediate, which is an
alternative geometry for a 74 electron cluster,

The chemical activation of the cluster H,0s;(CO),,L (L = P(OMe), (2) or PEt,4
(3)) with Mey;NO in the presence of P(OMe); affords H,Os;(CO),;LP(OMe);
(L = P(OMe), (8) or PEt, (9)) suggesting that a simple substitution of a carbonyl
ligand by a ligand L is taking place. This is in contrast to the thermal activation, in
which the substitution proceeds via formation of an addition product and involves
metal skeleton rearrangement.

0Os(5)

Fig. 5. The core geometry of H,0s;(CO),;P(OMe),PEt; (9) showing the calculated positions of the two
hydrides.
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H70s5(CO)34L H20s5(CO)j4LL"

. \

H»0s5(CO)3LL’ H20s5(CO)14LL’
Fig. 6. Metal polyhedron rearrangement proposed for the decarbonylation of H,0ss(CO);,LL’ (7) to
H,0s5(CO)5LL" (9) (L = P(OMe),, L' = PEt,).

L

Experimental

Although none of the clusters reported here is particularly air-sensitive, all the
reactions, purifications, etc. were carried out under dinitrogen.

Proton and *'P NMR spectra data were recorded on Bruker WM250 spectrome-
ter at 20° C using deuterated solvent as internal lock and reference (‘H: SiMe,, § 0;
31p: 1%P(OMe), in C,D;, & 0; downfield positive). Infrared spectra were recorded
on a Perkin Elmer 983 spectrometer and the mass spectra were obtained with an
AEI MS12 spectrometer with ca. 70 eV (1.12x 10" J) ionizing potential at
100-150° C. Tris(perfluoroheptyl)-s-triazine was used as reference.

The compounds H,0s5(CO),5 [8,9] and H,0s;(CO),L [2,4] (L = P(OMe), or
PEt,) were prepared by published methods. Trimethylamine-N-oxide was freshly
sublimed before use. All the other reagents were commercial grade, and used as
obtained.

Preparation of H,0ss(CO), ,P(OMe); L (L = P(OMe}; (6) or PEt; (7))

A solution of H,0s5(C0O),,P(OMe); (2) and an excess of the ligand L (L=
P(OMe); or PEt;) in toluene was kept at 80°C for 6 h. The solvent and excess of
ligand were then removed on a fast stream of N,. Separation of the mixture by TLC
gave the brown cluster H,0s5(CO),,P(OMe),;L (L = P(OMe); (6) or PEt; (7)) in
60% yield.

Decarbonylation of H,0s;(CO),,P(OMe);L (L = P(OMe}; (6) or PEt; (7))

A solution of H,0s5(C0),,P(OMe),L (L = P(OMe); (6) or PEt; (7)) in toluene
was kept at 80°C for 6 h. Removal of solvent under pressure followed by TLC
yielded H,0s,(CO),;P(OMe),;L (L = P(OMe), (8) or PEt; (9)) in 80% yield.
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Carbonylation of H,Oss(CO),; P(OMe);L (L = P(OMe); (8) or PEt; (9))

A solution of H,0s5(CO),;P(OMe),;L (L = P(OMe); (8) or PEt, (9)) in toluene
was placed in a Roth autoclave, which was then charged with 40 atm of CO and
kept at 50°C for 4 h. Work up by chromatography gave H,0s(CO) ,P(OMe);L
(L = P(OMe); (6) or PEt, (7)) in 70% yield.

Preparation of H,0s(CO),;{P(OMe); }, (8)

A solution of H,0s,(CO),,P(OMe), (2) and an excess of P(OMe), in n-heptane
was refluxed for 5 h. The solvent was then removed under pressure and the residue
subjected to TLC to give H,0s(CO),;{P(OMe);}, (8) as the major product.

Preparation of H,0s5(CO},; P(OMe);PEY; (9)

A solution of H,0s,(CO),,P(OMe), (2) and an excess of PEt, in n-heptane was
refluxed for 16 h. Work up by chromatography gave H,Os(CO),,;P(OMe),PEt, (9)
in 80% yield.

Reaction of H,Os;(CO),,P(OMe); (L= P(OMe); (2) or PEt; (3)) with Me;NO /
P(OMe),

A solution of H,0s(CO),,L (L = P(OMe); (2) or PEt; (3)) (30 mg) and an
excess of P(OMe), in CH,Cl, (25 cm’) was stirred in P(OMe);. A solution of
Me,NO (1.1 eq. in 20 cm® CH,Cl,) was then added dropwise to the stirred
suspension at —78°C during 0.5 h. The mixture was allowed to warm slowly to
room temperature and stirred for another 0.5 h. The solvent and the excess of ligand
were then removed in a fast stream of N,. Work up by TLC (50% CH,Cl, in
hexane) gave H,0s,(CO),;LP(OMe), (L = P(OMe), (8) or PEt; (9)) in 50-60%
yield.

Crystal structure determination of H,Os5(CO}, ; P(OMe;)PE¢, (9)

Suitable single crystals were obtained as red platelets from CH,Cl,/hexane
solution at —5°C. A crystal with dimensions (distance from face to centre): 0.034
(100, -100)x0.095(001,00—-1)x0.154(010,0~—10) mm was mounted on
a glass fibre with epoxy resin,

Crystal data.  C,,H,00,,0ssP,, M =1559.4, Monoclinic, a 17.966 (3), b 11.564
(2), ¢ 18.080(2) A, B 112.85 (1)°, V 3461.5 A’ (by least-squares fit for 68
automatically centred reflections in the range 15 <28 < 25°), space group P2,/c
(No. 14), Z=4, D_ 299 g cm ™", F (000) = 2784, graphite monochromated Mo-K,
radiation, A 0.71069 A, p (Mo-K_) 184.30 cm ™.

Data collection and processing. Stoe STADI-4 diffractometer, 24 step w—6 scan
with scan width 0.04°, scan time 0.5-3.0 s per step; 6648 reflections measured
(50<26<500°, +h, —k, +£1/), (6099 unique, merging R = 0.049 after empirical
absorption correction based on an ellipsoid model and 300 azimuthal scan data
(max. and min. transmission factors 0.116, 0.035), giving 4607 unique with F >
40( F). Three standard reflections showed no significant variation in intensity.

Structure analysis and refinement. Centrosymmetric direct methods (Os atoms)
followed by Fourier difference techniques for remaining non-hydrogen atoms.
Blocked cascade least-squares with Os, P, O, and carbonyl C atoms anisotropic. The
phosphine and phosphite H-atoms were placed in calculated positions (C—H 1.08 A)
and allowed to ride on the relevant C atoms; the temperature factors for these
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Table 4
Atom coordinates (X 10*) for H,0s5(CO),;P(OMe);PEt; (9)

x y z
Os(1) 2941(1) 5083(1) 4578(1)
0s(2) 31111 3021(1) 5629(1)
0s(3) 1889(1) 3117(1) 4012(1)
Os(4) 1843(1) 4648(1) 5210(1)
0s(5) 1347(1) 2414(1) 5229(1)
P(1) 2297(4) 6322(5) 3584(3)
o) 1474(15) 6810(17) 3508(14)
c) 1281(28) 7798(33) 3755(24)
0(2) 2830(17) 7437(18) 3534(14)
Q) 2813(30) 8304(34) 2967(26)
o3) 2066(14) 5735(17) 2744(10)
Cc(3) 1546(21) 5942(30) 1988(19)
P(2) 3709(3) 1158(4) 5965(3)
C(4) 3301(16) 341(19) 6556(14)
C(5) 3731(18) —836(24) 6907(16)
C(6) 4812(14) 1163(20) 6526(13)
) 5070(18) 1610(24) 7367(16)
C(8) 3545(18) 222(22) 5097(15)
(9) 3913(22) 643(31) 4550(20)
cal 3722(14) 6220(16) 5167(14)
o(11) 4161(11) 6909(12) 5518(10)
Cc(12) 3596(10) 4674(15) 4025(11)
0(12) 4039(10) 4422(14) 3712(9)
(1) 4091(15) 3540(21) 5556(14)
o@1) 4731(9) 3687(16) 5630(10)
C(22) 3486(12) 3619(16) 6674(11)
0(22) 3646(10) 4040(15) 7292(8)
C(31) 876(14) 3883(18) 3276(11)
o(31) 355(10) 4255(15) 2861(8)
Cc(32) 2395(11) 3104(13) 3261(10)
0(32) 2648(13) 3032(23) 2776(11)
C(33) 1492(13) 1587(23) 3679(11)
0(33) 1216(12) 731(16) 3369(10)
C(41) 804(13) 5304(17) 4614(12)
0(41) 182(8) 5702(14) 4277(8)
C(42) 2273(15) 6098(21) 5471(14)
0(42) 2517(13) 7008(17) 5776(12)
C(43) 1712(14) 4607(16) 6205(14)
0(43) 171111) 4667(16) 6837(8)
C(51) 260(14) 2750(18) 4501(10)
0(51) —376(9) 2987(16) 4111(9)
C(52) 1224(15) 778(22) 5078(12)
0(52) 1135(14) ~211(14) 4963(12)
C(53) 1064(12) 2293(15) 6135(12)
0o(53) 866(10) 2221(15) 6667(8)

atoms were fixed. The weighting scheme w~! = g2(F) + 0.0008( F)?* gave satisfac-
tory agreement analyses. The refinement converged at R and R, values of 0.056
and 0.055. A final difference map showed ripples of ca. 2.4¢ A~ close to Os atom
positions. Complex neutral atom scattering factors were employed [10], and all
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computations were performed on the University of Cambridge IBM 3084 Q com-
puter using SHELX76 [11]. The final atomic fractional coordinates for the non-hy-
drogen atoms are presented in Table 4 *.
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