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Chemistry of the Metal Carbonyls. Part 77." Some Reactions of the
Platinumtriosmium Complexes [Os;Pt(u-H)>(CO),,(PR;)] with Donor
Molecules: X-Ray Crystal Structures of [Os;Pt(u-H),(CO),,(PPh;),]and
[OSPtz(CO)s(PPh3)2(p.3-MeC2Me)]1’

By Louis J. Farrugia, Judith A. K. Howard, Pachanee Mitrprachachon, F. Gordon A. Stone, and Peter
Woodward, Department of Inorganic Chemistry, The University, Bristol BS8 1TS

The compounds [OsgPt(u-H),(C0O),¢(PRs)] react with CO, PPh;, or AsPh, to give complexes [Os;Pt(p-H),-
(CO)14(PR;3)L] [PRs = P(cyclo-C¢Hyy)3, L =CO; PR; = PPh; L = PPh, or AsPh,]. Hydrogen-1 and 3P
n.m.r. data for the compounds are discussed, and a single-crystal X-ray diffraction study has been carried out on the
compound [Os;Pt(u-H),(CO),,(PPhy),], crystals of which are triclinic, space group P1, Z = 2, in a unit cell with
lattice parameters a = 14.427(7), b = 12.793(5), ¢ = 14.151(6) A, « = 92.33(3), B = 120.87(3), and y =
91.06(4)°. The structure has been refined to R 0.041 (R’ 0.044) for 5 794 independent reflections (2.9 < 20 <
60°, Mo-K, X-radiation) collected at 200 K. The four metal atoms adopt a butterfly arrangement in contrast to
the tetrahedral cluster structure of the 58-electron precursors [Os;Pt(u-H),(CO)10(PR;)]. In [OsyPt(u-H),-

(€0)15(PPhy),] the metal-metal bondmg distances are Os—Pt 2.717(1) and 2.848(1) A, and Os-Os 2.773(1),
2.914(1), and 3.043(1) A. Evidence is presented for the two hydrido-ligands bridging the longer Os—Pt and
Os—0Os bonds. One triphenylphosphine ligand is attached to platinum and the other to osmium, and all the carbonyl
ligands are terminally bound. Reaction of [Os;Pt(u-H),(C0O),;,(PPh;)] with but-2-yne affords a mixture, from
which five polynuclear metal complexes were isqlated and studied by i.r. and n.m.r. spectroscopy. None of these
products contained the Os,Pt cluster of the precursor. One of the complexes was characterised as [OsPt,(CO);-
(PPh;),(23-MeC;Me)] and its structure established by X-ray diffraction. Crystals are monoclinic, space group
P2,/c, Z = 4, in a unit cell of dimensions a = 11.143(8), b = 17.458(12), ¢ = 23.443(15) A, and B = 113.82(5)".
The structure has been refined to R 0.031 (R’ 0.033) for 4 438 independent reflections (2.9 < 20 < 55°, Mo-K,
X-radiation) collected at 200 K. The metal atoms form an isosceles triangle [Os—Pt 2.662(2) (mean), Pt—Pt
3.033(2) Al bridged by a face- bondmg but-2-yne molecule whose orientation with respect to the triangle is
u3(n?-]). The osmium atom carries three terminal CO ligands, and each platinum a CO and PPh, group such that
there is 2 cisoid arrangement OCPtPtCO; the Pt—Pt separation of 3.033(2) A, however, suggests that there may be

little direct metal—-metal interaction.

WE huve recently reported ! that the complexes [Pt-
(CoHp)o(PR;)] [PRy == P(cyclo-C¢Hyy);, PPhy, or PBut,-
Me] react with [Os(u-H),(CO),¢] to afford the tetra-
metallic compounds {OsyPt(u-H),(CO);o(PR5)]. An X-
ray crystallographic study revealed an essentially
tetrahedral structure for these molecules, distortion
from ideality being largely due to a lengthening of an
Os-Pt and an Os—Os bond by two edge-bridging hydrido-
ligands. An interesting feature of these tetranuclear
compounds is that they possess five skeletal bond pairs
for bonding of the PtOs; core, rather than the six bond
pairs associated with tetrahedral molecules such as
[Iry(CO);5).2  As discussed earlier,! the apparent ‘un-
saturation” of the compounds [OszPt(u-H),(CO)yo-
(PR,)], in the sense that they are 58 rather than 60
valence electron species, is probably related to the
tendency of platinum to employ only 16 valence elec-
trons in many of its compounds. However, it was of
interest to investigate reactions of these cluster com-
pounds with donor molecules in order to establish
whether 60-electron configurations are readily attained,
and if so whether or not the closo structure is preserved.
A preliminary account of a portion of the results des-
cribed in this paper has been given.3
+1,2,2,2,3,3,3,4,4,4-Decacarbonyl-1,2;3,4-di-p-hydrido-1,3-

bis(triphenylphosphine)-cyclo-platinumtriosmium (2 P¢#-0s)(3 Os—

Os) and 1,2,8,3,8-pentacarbonyl-1,2,3-p,-1,2-dimethylvinylene-
1,2-bis(triphenylphosphine)-cyclo-diplatinumosmium (2 P¢-0Os).

RESULTS AND DISCUSSION

When CO gas is bubbled through solutions of [Os,Pt{p-
H),(CO);p{P(cyclo-CgH;4)5}] (1) in diethyl ether, within
a few seconds the original green colour of the solution
becomes bright yellow. However, when the CO
atmosphere is removed the yellow solution acquires a
green tinge due to reformation of the starting compound
and establishment of the equilibrium shown below.

(1) + CO ==
[OsgPt(u-H),(CO) 3 {P(cyclo-CgHyy)d]  (2)

Fortunately, crystals of compound (2) could be obtained
by concentration of solutions under a CO atmosphere,
and as a solid it was reasonably stable. Significantly
[Osg(u-H)3(CO)40), With 46 valence electrons, also reacts
reversibly with CO, affording the 48-electron compound
[Os;H (u-H)(CO),, .45

The 3'P and 'H n.m.r. spectra of (2) were informative.
The 3P spectrum showed a singlet (§ —50.4 p.p.m.)
with 195Pt coupling [J(PtP) 2409 Hz], characteristic
of a direct P-Pt bond. The 'H n.m.r. of (2), measured
at —60 °C because of dynamic behaviour, showed
resonances due to the cyclohexyl groups and two high-
field signals at = 21.60 [J(PH) 11, J(PtH) 513 Hz] and
27.60 [J(PH) 3, J(PtH) 30 Hz]. The relative magni-
tudes of these coupling constants indicate that the signal
at = 21.60 is due to a hydrido-ligand bound directly to
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platinum whereas the hydrido-ligand giving the reso-
nance at t 27.60 is not. Moreover, the chemical shift
of the latter is consistent with its assignment as a
bridging [Os(u-H)Os] group since this system is known to
give resonances with shifts in this region.$

It is interesting to note that there is an up-field shift
of ca. = 10 in the resonance of the Os(u-H)Os proton in
both the conversion of (1) (= 16.93) into (2) (= 27.60),
and [Osy(u-H)y(CO)yo] (r 20.9) into [OssH(u-H)(CO),q]
(x 29.97). There is a much smaller change in chemical
shift between the proton associated with the platinum
atom in (1) (< 18.44) and in (2) (v 21.60). Although the
factors which determine the chemical shifts of hydrido-
ligands are complex,”® it would appear that the elec-
tronic effects generated by changing from formally
‘unsaturated ’ to ‘saturated’ cluster compounds are re-

sponsible for the up-field shifts. An anomalous low-field -

shift is found for the face-bridging hydrido-ligands in the
56-electron cluster [Re,(p-H),{CO),,] (v 15.08).2 In the 60-
electron dianion cluster [Re,(x-H),(CO),5]2~ the hydrido-
ligands give TH n.m.r. signals at t 26.7 and 27.3.10

The formation of (2) from (1) by addition of a molecule
of CO results in an extra two valence electrons being
added to the cluster as a whole, bringing the total to the
60 electrons associated with most tetranuclear metal
systems which adopt tetrahedral structures as predicted
by electron counting schemes.21112  However, because
of the platinum atom present in (2) some structure other
than tetrahedral may be expected.! It was essential,
therefore, to carry out an X-ray diffraction study on (2)
to ascertain whether there had been gross changes in the
metal framework compared with (1). Unfortunately all
crystals grown of (2) proved to be twinned, and so studies
were directed towards reactions with other electron-pair
donors to establish whether these paralleled the CO
reaction, and also to obtain suitable crystals for diffrac-
tion work.

Reaction in diethyl ether at room temperature of the
complex [OsgPt(u-H)o{CO);o(PPhy)] (3) with either
PPh; or AsPh; gave the adducts [Os;Pt(u-H)y(CO),0-
(PPhy)L] (4, L = PPhy; 5, L = AsPh;). It was also
possible to prepare (4) directly from [Osy(u-H),(CO)q0)
ana [Pt(C,H,)(PPhy),], although in this synthesis the
reaction proceeded in two stages, namely initial formation
of the green complex (3), followed by a much slower
reaction to give a yellow solution of (4).

Complexes (4) and (5) each showed two sets of high-
field resonances in their 'H n.m.r. spectra at —60 °C.
For (4) signals occurred at - 18.55 [ J(PH) 18, J(PtH)
590 Hz] and 27.55 [J(PH) 14 Hz], and for (5) they were
at « 18.50 {J(PH) 20, J(PtH) 580 Hz] and 27.60. The
resonances in the spectra of (4) and (5) which show
strong 9Pt coupling can be attributed to a bridging
hydrido-ligand Os(u-H)Pt, as found ! in compound (3)
[ 17.52, J(PH) 16, J(PtH) 590 Hz]. Tlhe signals at
7 27.55 and 27.60 in the spectra of (4) and (5), respec-
tively, can be correspondingly assigned to Os(w-H)Os
groups. It was of interest that whereas the resonance in
the triphenylarsine adduct at + 27.60 was a singlet, the
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signal in (4) at ~ 27.55 was a doublet due to 3P coupling.
This suggested that the added triphenylphosphine
ligand in (4) had co-ordinated to one of the osmium
atoms rather than to platinum. This was confirmed
by an examination of the 3P n.m.r. spectrum.

The 3'P{'H-decoupled} n.m.r. spectrum of (4) at
—60 °C had singlet resonances at § —30.7 p.p.m.
[J(PtP) 2501 Hz] and 7.3 p.p.m. With selective 'H
decoupling these resonances became doublets with J(PH)
15 and 12 Hz, respectively. These data establish that
in (4) one PPh, ligand is bonded to platinum and the
other to osmium. The presence of a signal at 3 —31.2
p-p-m. in the 3P n.m.r. spectrum of the triphenylarsine
derivative (5), with 195Pt satellites and J(PPt) 2 502 Hz,
of a similar magnitude to that found in the spectrum of
compound (4), suggests that the two species are structur-
ally analogous, an idea supported by the close similarity
of their i.r. spectra in the CO region.

An interesting feature was observed in the variable-
temperature 3'P n.m.r. spectrum of (4). At ambient
temperature the down-field satellite of the signal at
—30.7 p.p.m. and the signal itself were broadened
relative to the up-field satellite and to the resonance due
to the osmium-bound phosphorus nucleus at 7.3 p.p.m.
At —50 °C this broadening had disappeared and two
new peaks at very low intensity were observed at —34.4
and 6.5 p.p.m., close to the main resonances at —30.5
and 7.3 p.p.m. These observations are taken to indicate
the presence of a second species isomeric with the first,
and in equilibrium with it. At room temperature the
rate of exchange between the two isomers is sufficiently
fast compared with the time scale of the measurement
that signals due to this second species are not clearly
visible. On cooling to —50 °C, however, the rate of
interconversion is slower and low intensity signals of
the second isomer, representing only a few percent of the
main complex, can be seen. The differential broadening
of the low-field satellite can be explained by assuming
a 195Pt coupling of ca. 2800 Hz on the resonance at
—34.4 p.p.m. With 5Pt coupling of the magnitude
proposed the up-field satellites of both isomers are
roughly coincident, and any broadening weculd be
minimal. The ambient temperature 3P n.m.r. spectrum
of (5) showed a similar differential broadening in the
195Pt satellites, whereas such an effect was not observed
in the spectrum of (2).

Fortunately crystals of (4), grown from diethyl ether,
proved to be of suitable quality for X-ray diffraction
work, the results of which are summarised in Tables 1 and
2; the molecular structure with the atomic numbering
scheme is shown in Figure 1. It is immediately apparent
that the four metal atoms in (4) adopt a butterfly arrange-
ment, in contrast to the tetrahedral structures of complex
(1) established by X-ray crystallography, and of (3)
inferred from spectroscopic properties which are similar
to those of (1).1  This result is in agreement with Wade’s
rules 2 and with Lauher’s ! results which predict that
addition of two extra electrons to the cluster will result
in scission of a metal-metal bond. Moreover, as dis-
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cussed earlier ! the presence of the platinum atom in the
cluster gives rise to the structure expected for 62
valence electrons rather than the 60 electrons present in
(4), i.e. Co, symmetry occurs rather than 7, for the metal
atoms.1!

As established by the n.m.r. studies, the added PPh,
ligand is bonded to an osmium atom [Os(1)]. The
Os(1)-Pt distance of 3.530(1) A is indicative of little if
any direct metal-metal interaction. Metal-metal bond-
ing distances between third-row transition elements of up
to 3.504(1) A have been observed, e¢.g. in the anion
[Wy(u-H)(CO),0] 7,12 but in all such compounds bridging
hydrido-ligands have been present. There was no
evidence for hydrido-bridges across the Os(1)-Pt
vector. The remaining metal-metal distances show
more variation than those found in compound (1) ! and
in agreement with this the dihedral angles within the

0(23)
C(23)
WO | can
Ny

L Fem

FiGure 1 Molecular structure of (4), [Os;Pt(u-H),(CO),o(PPhy),],
showing the crystallographic numbering sequence

Os;Pt system vary considerably from that expected for
a regular tetrahedron.

Of the two bonding Pt-Os distances, Pt-Os(3) is
ca. 0.1 A longer than Pt-Os(2). The Os(1)-0Os(2)
separation is also ca. 0.1 A longer than Os(1)-Os(3),
and these longer Pt—Os and Os-Os linkages are postu-
lated to be bridged by the two hydrido-ligands known
to be present from the n.m.r. studies. In accord with
the proposed location of the hydrido-ligands, the angles
Pt-0s(3)-C(33) = 114.1(4), Os(3)-Pt-P(1) = 122.0(1),
Os(1)-0s(2)-C(23) = 113.5(4), and Os(2)-0s(1)-P(2) =
112.7(1)° are widened, whereas other cis-M—-M-ligand
angles range from 76.8(5) to 106.7(6)°. Moreover, the
staggering of the tricarbonyl groups on Os(2) and Os(3)
with respect to the edges Os(1)-Os(2) and Os(3)-Pt
favours location of the hydrido-ligands along these
edges.! Calculations * also indicated the presence of
sites of suitably low potential energy along these edges,
the locations of which, at plausible distances of ca. 1.85 A
from the corresponding metal atoms, have been included
in Table 1 as the co-ordinates of the two hydrido-
ligands. This is in accord with the evidence from the
'H n.m.r. spectrum at —60 °C which showed two distinct
hydrido-ligands both coupled to separate phosphorus
nuclei. There was no evidence, however, from Fourier

View Article Online

J.C.S. Dalton

synthesis of residual electron density in the positions
discussed.

The trans influence 7 of the PPhy ligand results in
lengthening of the Os(1)-Os(3) bond [2.914(1) A] as

TABLE 1

Atomic positional (fractional co-ordinates) parameters with
estimated standard deviations in parentheses for
complex (4)

Atom x y z

bt —0.131 66(3) 0.191 36(2) 0.235 01(2)
Os(1) —0.179 74(3) 0.361 37(2) 0.025 61(2)
Os(2) —0.085 89(3) 0.145 65(2) 0.074 49(2)
0s(3) 0.025 27(3) 0.316 24(2) 0.219 99(2)
H(l) —0.034 5 0.303 1 0.308 1
H(2) —0.205 1 0.220 4 —0.016 8
Cc(o1) —0.225 9(11) 0.077 0(10) 0.155 5(9)
o(on) —0.290 6(8) 0.010 9(8) 0.114 7(7)
C(11) —0.161 9(11) 0.505 5(9) 0.070 O(8)
o1l —0.153 2(8) 0.592 4(7) 0.100 8§(8)
C(12) —0.104 6(10) 0.387 0(9) —0.050 5(8)
0(12) —0.063 5(8) 0.403 5(8) —0.101 2(7)
C(13) —0.261 3(10) 0.351 8(9) 0.101 5(8)
O(13) —0.319 0(8) 0.363 7(7) 0.133 3(6)
C(21) 0.027 5(11) 0.063 3(9) 0.183 7(8)
O(21) 0.087 8(9) 0.014 1(8) 0.243 0(7)
C(22) —0.016 1(11) 0.158 7(10) —0.006 5(9)
0(22) 0.029 6(9) 0.165 3(8) —0.053 6(7)
C(23) —0.185 3(12) 0.035 7(11) —0.018 6(10)
0(23) —0.242 9(9) —0.032 7(9) —0.077 3(7)
C(31) 0.143 4(11) 0.254 4(10) 0.334 7(9)
O(31) 0.218 8(9) 0.216 3(8) 0.406 2(7)
C(32) 0.099 0(10) 0.345 4(8) 0.146 2(8)
0(32) 0.148 4(8) 0.364 3(8) 0.105 1(6)
C(33) 0.049 7(11) 0.453 0(9) 0.286 8(8)
O(33) 0.065 8(9) 0.537 7(8) 0.325 9(7)
Triphenylphosphine group 1

P(1) —0.171 4(2) 0.223 3(2) 0.372 0(2)
C(41) —0.285 6(10) 0.136 3(9) 0.346 5(8)
C(42) —0.268 1(10) 0.052 8(9) 0.415 4(8)
C(43) —0.353 1(11) —0.020 2(10) 0.387 1(9)
C(44) —0.451 0(11) —0.008 6(10) 0.295 8(9)
C(45) —0.471 5(11) 0.074 4(10) 0.226 7(9)
C(46) —0.383 0(11) 0.143 3(9) 0.2562 7(8)
C(51) —0.210 9(11) 0.356 5(9) 0.387 3(8)
C(52) —0.140 0(11) 0.440 0(10) 0.391 3(9)
C(53) —0.165 9(13) 0.542 6(11) 0.405 2(9)
C(54) —0.249 6(13) 0.562 1(12) 0.417 8(10)
C(55) —0.313 3(15) 0.476 3(14) 0.417 6(11)
C(56) —0.294 3(12) 0.376 1(11) 0.402 2(9)
C(61) —0.064 9(10) 0.200 1(9) 0.511 3(8)
C(62) 0.026 6(14) 0.149 5(13) 0.531 4(11)
C(63) 0.105 7(16) 0.129 1(16) 0.640 7(13)
C(64) 0.092 9(12) 0.161 0(11) 0.725 0(10)
C(65) 0.000 8(12) 0.214 5(10) 0.708 3(9)
C(66) —0.076 3(11) 0.233 5(9) 0.598 8(8)
Triphenylphosphine group 2

P(2) —0.346 2(2) 0.361 1(2) —0.142 2(2)
C(71) —0.370 8(9) 0.273 8(8) —0.259 3(7)
C(72) —0.476 3(10) 0.266 1(9) —0.352 7(8)
C(73) —0.496 4(10 0.205 0(9) —0.442 9(8)
C(74) —0.413 1(1 0.149 4(12) —0.444 6(11)
C(75) —0.308 5(1‘3 0.157 2(12) —0.351 6(10)
C(76) —0.288 0(11) 0.218 7(10) —0.257 7(9)
C(81) —0.376 2(10) 0.488 7(8) —0.201 7(8)
C(82) —0.387 3(11) 0.573 2(9) —0.142 9(8)
C(83) —0.401 4(12) 0.672 5(11) —0.180 7(10)
C(84) —0.403 5(12) 0.689 8(11) —0.279 4(10)
C(85) —0.389 2(12) 0.609 2(11) —0.333 4(10)
C(86) —0.374 5(11) 0.506 0(10) —0.298 7(9)
C(91) —0.461 8(10) 0.321 3(9) —0.129 1(8)
C(92) —0.545 5(13) 0.382 1(11) —0.150 5(10)
C(93) —0.831 4(15) 0.345 4(15) —0.130 0(12)
C(94) —0.622 8(13) 0.247 8(12) —0.088 9(10)
C(95) —0.535 6(12) 0.184 2(10) —0.068 6(9)
C(96) —0.451 6(11) 0.217 7(10) —0.085 4(8)


http://dx.doi.org/10.1039/dt9810000162

Published on 01 January 1981. Downloaded by University of Western Ontario on 26/10/2014 23:23:33.

1981

compared with the Os(2)-0s(3) bond [2.773(1) A]. For
the PPh, group attached to the platinum the effect on the
Pt-Os distances is not as noticeable, due to the compli-
cation of the presence of the bridging hydrido-ligand.
The geometry about the platinum atom is close to planar

TABLE 2~

Important interatomic distances (A) and bond angles (°)
for the complex [Os;Pt(u-H),(CO) 0(PPhy),], with
estimated standard deviations in parentheses

(a) Distances

Pt—0Os(1) 3.530(2) Os(3)—C(31) 1.87(1)
Pt—0s(2) 2.717(1) Os(3)—C(32) 1.87(1)
Pt——Os( ) 2.848(2) Os(3)—C(33) 1.89(1)

Os(1)—0s(2) 3.043(2)
Os(1 )~Os(i) 2.914(2) (()l)—~0(01) 1.14(2)

Os(3)—0s(2) 2.773(2) C(11)—-O(11) 1.16(1)

C(12)~0(12) 1.16(2)

Pt—P(1) 2.310(3) C(13)~—O(l3) 1.14(2)

Os(1)—-P(2) 2.357(3) C(e1)— O( 1) 1.08(1)
C(22)—0(22) 1.16(2)

Pt—C(01) 1.86(1) C(23)—O(23) 1.16(2)
Os(1)—C(11) 1.89(1) C(31)—-O(31) 1.17(2)
Os(1)—C(12) 1.91(2) C(32)—-0(32) 1.16(2)

Os(1)—C(13) 1.96(2) C(33)—0(33) 1.16(2)
05(2)~C(21) 1.94(1)

0s(2)—-C(22) 1.88(2) C~C (phenyl) 1.39
Os(2 )~C(2‘} 1.90(1) mean
P~C (phosphines) 1.83
mean

(b) Angles

Os(1)—Pt—0s(2) 56.51(3) Os(1)-0s(2)-0s(3)  59.92(4)

Os(1)—Pt—0s(3) 53.07(3) Pt—-0s(3)—0s(1) 75.56(4)
Os(2)—Pt—0s(3) 59.72(2) Pt—0s(3)-0s(2) 57.80(3)
Pt—0s(1)—0s(2) 48.12(2) Os(1)—0s(3)—0s(2)  64.44(3)
Pt—0s(1)-0s(3) 51.37(3) Pt—0s(2)—0s(1) 75.36(2)
Os(2)—0s(1)-0s(3)  55.43(1) Pt—Os( )—-Os(3) 62.48(3)
C(01)—Pt-Os(1) 102.6(5) O(Ol C(01)—-Pt 170(2)
C(01)-Pt—0s(2) 76.8(5) 0(11)~C(11)~0s(1) 176(1)
((11)—0:(1) Pt 115.5(5) 0(12)-C(12)-0s(1) 177(1)
C(ll) s(1 )—Os(&) 91.9(3) O(13)—C(13)—0s(1) 166(1)

(12 —Os( ) s(2)  89.0(3) 0O(21)-C(21)—-0s(2 ) 177(1)
(( —Os(&) 89.1(3) 0(22)—-C(22)-0s(2) 178(1)

(13)—05(1)—Oq(2) 97.4(3) 0(23)—C(23)—0s(2 ) 177(1)
C(13)—0s(1)—0s(3)  93.9(3) O(31)—-C(31)—0s(3) 179(1)
C(21)—0s(2 )—Pt 85.0(5) 0(32)—C(32)—-0s(3) 177(1)
C(21)—0s(2)—0s(3)  85.5(3) 0O(33)—C(33)—0s(3) 178(1)
C(22)—0s(2)-0s(1)  94.6(4)

C(22)—0s(2)-0s(3)  95.0(3) P(1)-Pt—0s(2) 125.4(11)
C(23)—0s(2)—Pt 106.7(6) P(1)-Pt—0s(3) 122.0(1)
C(23)—0Os(2 —Os(l) 113.5(4)

C(31)~-0Os(3)—P 94.5(5) P(2)-0s(1)—Pt 122.8(1)
C(31)-0s(3)—-0O ( ) 102.2(3) P(2)-0s(1)-0s(2) 112.7(1)
C(32)—0s(3)—0s(1)  90.7(3)

CER-0sE-0s2) 01203

33)-0s(3)-Pt 114.1(5)
)

( (’33)—05( )—Os(l)  94.5(3

(c) Dihedral angles (torsion angles of the metal skeleton)
Os(3)—Pt—0s(1)—0s(2) 75.0 0s(3)—0s(1)-0s(2)—Pt 66.4
Os(1)-Pt—0s(2)—0s(3) 63.4 Pt—Os(1)—0s(3)-0s(2) 60.9
Os(2)—Pt—0s(3)—0s(1) 68.9 Os(1)—0s(2)—0s(3)~Pt 88.4

with only small deviations, CO(1) being 0.059 A above
the plane defined by Pt, Os(2), and Os(3), 7.e. on the
same side as Os(1), with P(1) 0.053 A below. The
dihedral angles between the faces of the tetrahedron
defined by the four metal atoms can conveniently be
listed as torsion angles, and are given at the end of Table
2. They range from 60.9 to 88.4°, the maximum value
being the angle at the hinge of the butterfly. The
dihedral angle for a regular tetralredron is 70.5°.

View Article Online

165

It is interesting to compare the previously reported !
structure for (1) with that of (4), given that the former
contains a tricyclohexylphosphine ligand attached to
platinum and the latter a triphenylphosphine group
similarly bonded. Examination of the two molecular
structures reveals that they are derived from different
enantiomers, and comparison is easier from the represent-
ations in Figure 2 where they are shown with the same

/P(CyClO'CsH"):; PPh3
/PQ\H \
| / /|
—058)—|—0d0 — 05 Os 6 —
ANN {) l I\
\\
05(”
p? L
(1 (4)

Ficure 2 Diagrammatic representation of the structural
framework of complexes (1) and (4), shown in similar orient-
ation (see text)

chirality. Apart from the changes in the co-ordination
around the osmium atom bearing the phosphine ligand,
there is remarkably little change in the structure of (4)
in relation to (1), with the hydrido-ligands in the same
corresponding positions, and the arrangement of the
remaining ligands very similar. A detailed analysis of
the metal-metal separations, however, is revealing
(Table 3). Three metal-metal separations have changed

TaBLE 3
Comparison of corresponding metal-metal separations
(A) in complexes (1) and (4)

Complex (1) # Complex (4) ?

Pt-0s(1) 2.863(1) 2.848(1)  Pt—Os(3)
Pt-0s(2) 2.791(1) 3.530(1)  Pt—Os(l)
Pt—0s(3) 2.832(1) 2.717(1)  Pt-Os(2)
Os(1)-0s(2)  2.777(1) 2.914(1)  Os(1)~Os(3)
Os(1)-Os(3)  2.741(1) 2.773(1)  Os(2)-0s(3)
Os(2)-0s(3)  2.789(1) 3.043(1)  Os(1)~0s(2)

2 Data from ref. 1. *® See Figure 1 and Table 2.

significantly, but by far the greatest alteration is in the
bond Pt-Os(2) in (1) which is broken in forming (4),
where the separation now becomes 3.530(1) A. The
Os(1)-0s(3) bond in (4) is longer than the Os(1)-Os(2)
bond in (1) due to the frans influence of the PPh, group
on Os(l) in the former compound. More interestingly
0Os(1)-0s(2) in (4) is 0.25 A longer than the corresponding
bond in (1), and both of these are hydrogen-bridged.
If any multiple-bond character exists for this bond in
(1), then two conflicting factors will determine the inter-
atomic distance, namely the tendency of the H bridge to
lengthen the bond, and the tendency of multiple bonding
to shorten it. The unsaturation of the 58-electron
complex (1) can perhaps be to some extent ‘ localised ’
in. this Os(2)-Os(3) bond. Certainly the Os(1)(u-H)Os(2)
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distance of 3.043(1) A-in (4) is not very different from the
distances found for the similar single Os(u-H)Os linkages
in  [Osy(H)(u-H)(CO),o(PPhy)] [3.018 56) A]% and
[0, W (u-H)y(CO)yy (n-C5Hy)] [2.941(2) A1.10

‘The molecular structure of (4) shows no other unusual
features, apart from a slight bending in the C(13)O(13)
carbonyl group [Os(1)-C(13)-0O(13) 167( )°]. However,
there does not appear to be any semi-bridging character
in this ligand since the Os(3)~C(13) separation is outside
the normal van der Waals contact distance.

We referred earlier to the existence in solution of an
equilibrium between compound (1) and its CO adduct (2).
It seems very likely that the molecular structure of the
latter involves a ‘butterfly’ arrangement of metal
atoms as found for (4). Hence the equilibrium (1) -
CO === (2) is accompanied by metal-metal bond form-
ation and bond breakage within the clusters. A
similar behaviour has been noted in the reversible
binding of CO by [Fe,Mn(u;-PPh)(CO)g(n-C;H;)], and
the possible importance of such processes to catalysis
involving clusters has been pointed out.?

The ready reaction of (1) with CO, and (3) with PPh,
or AsPh,, and the concomitant rearrangement of the
metal framework, led to the hope that such a process
might also be accomplished by a simple two-electron
reduction to give [OsgPt(u-H)y(CO).o(PRy)J2~. Lewis
and co-workers 18 have shown that the bicapped tetra-
hedral cluster [Osg(CO),q) is reversibly reduced to the
dianion [Osg(CO)4g]%~ with an octahedral structure. In
view of this observation the electrochemistry of complex
(3) was investigated. The cyclic voltammogram of
(3) in dichloromethane revealed a chemically reversible
two-electron reduction [E, = —0.90 V, vs. a calomel
electrode 1 mol dm™3 in LiCl; (fp)rea/(?p)ox = 1.0], but
the peak separation [{Ep)rea — {Ep)ox = 180 mV at a
scan rate of 100 mV s1] shows the electron transfer to
be slow. From this observation isolation of a salt of
an anion [Os;Pt(u-H),(CO),o(PPhy)]%~ seemed feasible.
However, attempted reduction of (3) with sodium
amalgam failed to give an isolable product on addition of
NCI(PPh,),, even though there was an obvious change in
colour from the dark green solution of the neutral com-
plex to dark red-purple. The solution decomposed
after several hours to give brown insoluble material.

The facile formation of compounds (2), (4}, and (5)
suggested that a reaction between the 58-electron
complex (3) and ethylene, or an alkyne, should be investi-
gated. The ready reactions of the parent unsaturated
complex [Osz(u-H),(CO),] with various alkenes and
alkynes has been well documented.’®-2t Contrary to
the behaviour of [Osy(u-H),(CO)y), compound (3) was
unreactive towards ethylene at room temperature. A
solution stirred overnight under an ethylene atmosphere
showed no change in colour or in its ir. spectrum.
Under similar conditions, however, but-2-yne reacted
slowly, and thin-layer chromatography of the mixture
showed that most of the sample of (3) had reacted to
give a very complex mixture of products.

In order to optimise the reaction to obtain the most
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stable products, compound (3) was reacted with excess
of MeC=CMe at 60 °C in hexane for 4 days. Under these
conditions the original dark green solution turned yellow,
and bright yellow crystals of a compound (6) formed on
the walls of the reaction vessel. The mother-liquor
contained four other compounds (7)—(10) which proved
difficult to separate. Although chromatography sepa-
rated (7) and (8) from (9) and (10), further separation
for spectroscopic studies had to be accomplished by

0 Me
oc (I: l C/Me
Me\ /Me Os
PhiPa_ _ #CTCG_ »PPh3 o€7 Xc=C
ple-3 M) e
oc” NoZ Soo Ng
(CO)3 "\
o¢ %
C
0
(6) (7)
/Me
Me C
C/ \OS(CO):;
(OC)3054-05(C0)3
Ny
(8)
y C/Me
A \OSQZO)3
(OC);;OS\\ H
\H/Os(co)z(PPh,)
(9)
Me Me

(CO)3
(10)

crystal selection or sublimation. The wvarious com-
pounds were then characterised as follows.

Compound (7) is a readily volatile colourless solid, the
mass spectrum of which clearly showed a parent ion at
mfe 658. A computer simulation for the isotope pattern
[C14H;5040s5]* closely resembled the observed spectrum,
and strongly indicated this composition to be correct.
The 'H n.m.r. spectrum showed two singlets of equal
intensity for two sets of equivalent Me groups. The i.r.
spectrum of (7) in the carbonyl stretching region was
very similar in number of bands, frequencies, and pattern
to that reported 22 for a complex [Os,(CO)g(C,HyMe,)]
which has been shown by X-ray crystallography 2 to
have a structure like that proposed for {7), except that
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the two Me groups on the « carbons ¢ bonded to osmium
are replaced by hydrogen atoms.

Compound (8) has been previously prepared and
assigned the structure shown by Deeming et al.!1* It was
first obtained by addition of hydrogen to [Osg(w-CO)-
(CO}g(ug-m2-MeCyMe)]. The spectroscopic (ir. and H
n.m.r.) properties of our product were identical with
those previously reported,!® except that we found that
the high-field signals due to the Os(u-H)Os groups were
temperature dependent. At ambient temperatures only
a broad singlet (v 29.31) was visible which sharpens at
60 °C, whilst at —60 °C the spectrum appears as the two
expected singlets at v 27.43 and 31.19. There is thus
site exchange between the protons.

Complex (6), which crystallised readily from the
reaction mixture, could be obtained pure in sufficient
quantity to allow full characterisation. The i.r. spec-
trum revealed five CO bands all in the region associated
with terminal ligands. The 'H n.m.r. spectrum showed
signals due to the phenyl groups on the phosphorus and a
methyl group singlet at t 7.81 with 195Pt satellites
[J(PtH) 34 Hz)], suggesting the presence of a symmetrical
arrangement PtC(Me)=C(Me)Pt. The 3'Pn.m.r.spectrum
showed a singlet at 8 —13.3 p.p.m. with two sets of
195P¢ satellites as expected # for a (PhyP)Pt-Pt(PPhy)
group [ J(PtP) 3 366, 165; J(PtPt) 57 Hz]. In view of
the very small value for J(PtPt) it is tempting to cor-
relate this with a very weak Pt-Pt interaction, as also
implied by the X-ray crystallographic results described
below, except that it has been shown that the magnitudes
of J(PtPt) are generally insensitive to Pt-Pt separ-
ations.?®> The 18C n.m.r. spectrum of (6) showed a
resonance at 3 191.9 p.p.m. with a large 9Pt-13C
coupling (1 309 Hz) indicative of PtCO groups, while a
singlet at 3 182.1 p.p.m. with no 93Pt satellites was
assigned to osmium-bonded terminal CO ligands; the
relative intensity of the two signals was ca. 2:3. The
resonance due to the acetylenic carbon atoms was seen
at 3 155.5 p.p.m. but with only one set of %Pt satellites
visible [ J(PtC) 607 Hz] instead of the expected two for a
group PtC(Me)=C(Me)Pt. The 13C n.m.r. spectrum of

the complex [(cod)i’tC(CHzSiMe3)=C(CH28iMe3)?t(cod)]
(cod = cyclo-octa-1,5-diene) has the acetylenic-carbon
resonance signal at 8§ 140.4 p.p.m. with J(PtC) = 642
and 215 Hz.26 The lack of a second set of 9Pt satellites
in the spectrum of (6) of ca. 200 Hz may be attributed to
the inherent difficulties of observing such low-intensity
signals with the instrumentation available. Neverthe-
less, the similar J(PtC) values of 607 and 642 Hz for the
two compounds suggests that (6) also contains a Pt-
C(R)=C(R)Pt bridge system:.

In order to establish unambiguously the molecular
structure of (6), an X-ray diffraction study was carried
out. The results are summarised in Tables 4 and 5
and the molecula. structure is shown in Figure 3, along
with the atomic numbering scheme. As expected from
the n.m.r. data, the molecular fragment Ph;P(OC)Pt-
C(Me)=C(Me)Pt(CO)PPh; is present in the structure,
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giving the nucleus of the molecule idealised mirror (C,)
symmetry. An Os(CO); group is bonded to the two

plat
C(2)

inum atoms and to the acetylenic carbon atoms
and C(3). The molecule evidently undergoes

TABLE 4

Final atomic positional parameters (fractional co-crdinates)

for the complex [OsPt,(CO);(PPhy),(us-MeC,Me)]
(6)

Atom x ¥ z
Pt(1) 0.034 53(3) 0.438 81(2) 0.265 07(1)
Pt(2) —0.177 21(3) 0.409 16(2) 0.136 23(2)
Os 0.045 48(3) 0.484 98(2) 0.158 97(2)
C(1) —0.028 9(10) 0.618 0(5) 0.245 7(4)
C(2) —0.048 5(10) 0.537 4(5) 0.217 1(4)
C(3) —0.146 7(8) 0.523 7(4) 0.157 5(3)
C(4) —0.233 0(11) 0.587 7(5) 0.118 3(4)
C(01) 0.137 5(12) 0.349 9(5) 0.281 4(4)
O(ol1) 0.206 4(8) 0.296 9(4) 0.289 8(3)
C(02) —0.142 8(11) 0.309 5(5) 0.116 5(4)
0(02) —0.119 3(8) 0.248 0(4) 0.105 7{3)
C(31) 0.006 4(10) 0.534 2(5) 0.081 3(4)
0O(31) —0.021 5(6) 0.565 4(3) 0.035 2(3)
C(32) 0.121 G(11) 0.399 2(5) 0.137 8(4)
O(32) 0.167 8(7) 0.345 2(4) 0.126 1(3)
C(33) 0.203 8(12) 0.537 6(8) 0.207 6(5)
0(33) 0.296 4(8) 0.571 3(4) 0.239 0(3
Triphenylphosphine group 1

P(1) 0.006 9(2) 0.456 4(1) 0.356 7(1)
C(41) 0.158 9(10) 0.495 3(4) 0.416 7(4)
C(42) 0.202 1(10) 0.477 6(5) 0.479 8(4)
C(43) 0.311 6(11) 0.508 7(5) 0.523 4(4)
C(44) 0.384 4(11) 0.559 8(5) 0.504 7(4)
C(45) 0.345 8(12) 0.577 4(6) 0.442 8(5)
C(46) 0.235 1(11) 0.543 3(5) 0.398 2(4)
C(51) —0.028 O(lO) 0.373 9(5) 0.396 2(4)
C(52) —0.100 0(10) 0.379 9(5) 0.431 1(4)
C(53) —0.120 5(11) 0.318 4(5) 0.465 1(4)
C(b4) —0.053 5(11) 0.250 0(5) (.465 5(4)
C(55) 0.019 4(13) 0.243 3(6) C.431 6(5)
C(56) 0.031 9(12) 0.305 4(5) 0.396 1(4)
C(61) —0.121 4{10) 0.522 8(4) 0.353 3(4)
C(62) —0.251 1(10) 0.502 2(5) 0.319 1(4)
C(63) —0.351 1(11) 0.553 6(5) 0.311 6(4)
C(64) —0.323 1(11) 0.626 7(5) 0.339 6(4)
C(65) —0.194 7(12) 0.646 1(5) 0.373 1(4)
C(66) —0.091 2(11) 0.596 6(5) 0.381 9(4)
Triphenylphosphine group 2

P(2) —0.388 5(2) 0.388 8(1) 0.126 6(1)
C(71) —0.501 2(10) 0.470 7(5) ¢.111 9(4)
C(72) —0.619 5(10) 0.475 4(5) 1.059 8(4)
C(73) —0.702 9(11) 0.538 5(5) 0.052 9(4)
C(74) —0.664 4(12) 0.595 9(5) 0.098 6(4)
C(75) —0.544 8(11) 0.591 3(5) 0.149 2(4)
C(76) —0.464 0(10) 0.530 5(4) 0.154 6{4)
C(81) —0.481 1(10) 0.320 6(4) 0.065 4(4)
C(82) —0.456 7(11) 0.320 7(5) 0.012 i(4)
C(83) —0.524 3(11) 0.268 5(5) —10.036 6(4)
C(84) ~0.612 1(11) 0.219 9(5) —0.030 0(4)
C(85) —0.639 0(12) 0.220 3(5) 0.022 8(5)
C(86) —0.571 7(12) 0.270 9(5) 0.070 5(4)
C(31) —0.397 3(10) 0.348 7(5) 0.196 3(4)
C(92) —0.294 3(11) 0.301 9(5) 0.233 0(4)
C(93) —0.300 0(12) 0.271 6(5) 0.289 9(4)
C(94) —0.401 8(12) 0.288 4(6) 0.305 9(4)
C(95) —0.502 3(12) 0.336 9(6) 0.269 3(5)
C(96) —0.496 3(12) 0.366 0(6) 0.215 3(5)

dynamic behaviour in solution, since the X-ray diffrac-

tion

results reveal that whereas C(31)O(31) and C(33)-

O(33) occupy equivalent sites the carbonyl group
C(32)0(32) is in a different environment, and yet the

13C

n.m.r. spectrum, as mentioned above, showed only
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one resonance for the Os(CO), group at ambient temper-
ature.

The but-2-yne fragment C(1)—C(4) is symmetrically
o bonded to the two platinum atoms [Pt(1)—C(2) 2.060(8)

cwzg
0o2) O"G

FIGure 3 Molecular stracture of (6), [OsPty(CO)s(PPhy),-
(x3-MeC,Me)], showing the crystallographic numbering sequence
A, Pt(2)-C(3) 2.055(7) A] and n2-bonded to the osmium
atom [Os-C(2) 2.22(1) A, 0s-C(3) 2.23(1) A]. The
C(2)-C(3) separation of 1.40(1) A and the angles about
C(2) and C(3) suggest that the hybridisation of these
carbon atoms is close to sp2.  The two platinum atoms

TABLE 5

Tmportant interatomic distances (A) and bond angles (°)
for the complex [OsPty(CO);(PPh,),{Cy(CH,),}], with
estimated standard deviations in parentheses

(a) Distances

Pt(1)—-Pt(2) 3.033(2) C(01)—0(01) 1.17(1)
Pt(1)-Os 2.664(2) C(02)—0(02) 1.16(1)
Pt(2)—0s 2.669(2) C(31)—-0(31) 1.14(1)
C(32)—0(32) 1.16(1)
Pt(1)-C(2) 2.060(8) C(33)—0(33) 1.16(1)
Pt(2)-C(3) 2.055(7)
0s—C(2) 2.22(1) C(1)-C(2) 1.54(1)
0s—C(3) 2.23(1) C(2)—C(3) 1.40(1)
C(3)—C(4) 1.52(1)
Pt(1)—-P(1) 2.310(3)
Pt(2)—-P(2) .300(4)
C—C (phenyl) 1.40
Pt(1)~C(01) 1.87(1) mean
Pt(2)—C(02) 1.88(1) P—C (phosphines) 1.83
mean
Os—C(31) 1.90(1)
0s—C(32) 1.88(1)
0s—C(33) 1.90(1)
( ) Angles
Pt(1)-0s—Pt(2) 69.33(3) C(4)—C(3)—-Pt(2) 124.6(6)
Os—Pt(l,—Pt(2) 55.42(4) C(1)-C(2)—-C(3) 120.4(7)
Os—Pt(2)—Pt(l) 56.25(3) C(4)—C(3)—C(2) 121.7(7)
Pt(1)—C(2)—C(3) 113.5(5) C(31)—Os—Pt(2) 101.4(4)
Pt(2)—C(3)—C(2) 113.1(5) C(32)—0s—Pt(1) 101.5(3)
(H—C(2)—Pt(1) 125.0(5) C(32 —Os—Pt(2) 91.8(4)
C(33)—0Os—Pt(1) 88.2(4) Pt(1)—-C(01)~-O(01) 176(1)
C(01)—Pt(1)-Os 100.7(4) Pt(2)—C(02)—0(02) 178(1)
C(OL)—-Pt(1)=-P(1) 102.7(4) Os—C(31)—0(31) 177(1)
C(02)~Pt(2)-Os 104.0(4) 0s—C(32)—0(32) 178(1)
C(02)—-Pt(2)~P(2) 97.8(4) Os—C(33)-0(33) 176(1)

do not lie exactly in the plane defined by C(1)—C(4) of
the but-2-yne fragment. The interplanar angle between
C(1)—C(4) and Pt(1)-C(2)—C(3)-Pt(2) is 170°, with atoms
C(1) and C(4) bending away from the Os atom. This
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mode of bonding of the acetylene molecule to the OsPt,
triangle in (6) has been found 7 in many other trimetallic
complexes, and is appropriately described as p,(n%-|).28
In triosmium cluster chemistry a good example of this
type of acetylene attachment is provided by [Osy(CO),q-
(PhC,Ph)].28

The Os-Pt distances [mean 2.666(2) A] are shorter
than the non-hydrido-bridged distance Os(2)-Pt [2.717(1)
A] in compound (4), and the two non- -hydrido-bridged
Os~Pt distances [mean 2.811(1) A] in complex (1). The
Pt(1)-Pt(2) separation of 3.033(2) A is more than twice
the covalent radius of platinum, and may be compared
with the Pt-Pt separation of 2.987(4) A in the ‘ butter-
fly ’ structure [Co,Pt,(CO)g(PPhy),] %0 where no direct
platinum-platinum bond is assumed or required.
Platinum-platinum separations where bridging ligands
are involved show very considerable variations, e. g
2.585(1) A in [Pt,{u-(CF,),CO}(cod),), 3 2.692(3) A in
[{Pt(w-H)(SiEty)[P(CeHy,)5)},0,32 and 2.790—2.752(7) A
in [Pty(u-CO);(PMe,Ph),1.3 If no Pt-Pt bond is
assumed in compound (6) the platinum atoms have a 16-
electron configuration and the osmium atom an 18-
electron closed shell. It thusseems likely that the Pt-Pt
separation is determined by the steric requirements of
the bridging but-2-yne group. Moreover, the C(2)~C(3)
distance is reminiscent of an aromatic C-C bond dis-
tance [1. 395( ) A] and may imply some electron delocal-
ization- Ptz=Ce 2 CezeP as in the =%* bonding
of a diene to an M(CO)3 group, although the Pt—C dis-
tances in (8) are normal for ¢ bonds.?

Reaction of (3) with but-2-yne also gave compounds
(9) and (10), isolated pure in only very small quantity.
Structures were assigned on the basis of spectroscopic
data. The 'H n.m.r. spectrum of (9) had a singlet for
the Me groups at t 7.11, and a high-field doublet for the
two hydrido-ligands at ~ 28.58 [J(PH) 11 Hz]. The
structure proposed assumes that the hydrido-ligands
are equivalent, but other structures are possible if the
molecule is fluxional. The 3P n.m.r. spectrum showed
the expected singlet (3 1.2 p.p.m.). Complex (10)
displayed two resonances due to the Me groups in its 1H
n.n.r. spectrum, one of which showed 3'P and %Pt
couplings [J(PH) 3, J(PtH) 34 Hz], whilst the other
showed only %Pt coupling [/(PtH) 36 Hz]. A 3P
n.m.r. spectrum had the expected pattern for a R;-
PPtPt group. Thei.r. spectrum of (10) was very similar
to that of (6).

No complexes were isolated from the reaction of (3)
with but-2-yne which retained the Os;Pt framework of
(3). Evidently the tetranuclear cluster was easily
degraded under the reaction conditions.

EXPERIMENTAL

The instrumentation and synthetic methods used have
been described earlier.! Infrared measurements were made
on cyclohexane solutions, and [2H,]chloroform was used as
solvent for n.m.r. studies.

Reaction of the Complex [OsPt(u-H),(CO),{P(cyclo-
CeH,,)3)] with Carvbon Monoxide.—A solution of (1) (0.15 g,
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0.1 mmol) in diethyl ether {20 cm?®) was saturated with CO
gas. Reduction in volume to ¢a. 5 cm?® by increasing the
rate of CO bubbling, and cooling to —20 °C, gave bright
vellow crystals of [Os,Pt(u-H),(CO),,{P(cyclo-CcH,,),] (2)
(0.1 g, 669,) (Found: C, 25.8; H, 2.7. CyH;;0,,0s;PPt
requires C, 25.7; H, 2.6%); v, at 2 091m, 2 077w, 2 051vs,
2 041vs, 2 023s, 2 019m, 2 Ol1s, 1 987s, 1 975s(sh), 1 963w,
and 1943w cml. N.mra.: 'H (—60 °C), r 8.18—8.76
(br, 33 H, CsHy,), 21.60 [d, 1 H, Os(u-H)Pt, J(PH) 11,
J(PtH) 513], and 27.60 [d, 1 H, Os(x-H)Os, J(PH) 3, J(PtH)
30 Hz); 3P (‘H-decoupled), § —50.4 p.p.m. [s, J(PtP)
2 409 Hz].

Reactions of [OsgPt(u-H)y(CO),o(PPhy)].—(a) With PPh,.
(i) To a stirred solution of (3) (0.2 g, 0.15 mmol) in diethyl
ether (30 ¢m?) was added PPh, (0.04 g, 0.15 mmol). The
solution was stirred overnight. Concentration of the
solution, and cooling to —20 °C, gave bright yellow crystals
of [Os,Pt(u-H)3(CO)o(PPhy),] (4) (0.19 g, 75%) (Found: C,
35.1; H, 2.1. C,H;,0,40s;P,Pt requires C, 35.1; H,
2.1%), m.p. 142—150 °C (decomp.), v, . at 2075m,
2 041vs, 2 025vs, 2 013vs, 1 991s, 1 977s, 1 965s, 1 957w(sh),
and 194lm cm?. N.mr.: H (—60 °C), v 2.56—2.62
(m, 30 H, Ph), 18.55 [d, 1 H, Os(u-H)Pt, J(PH) 18, J(PtH)
590], and 27.55 [d, 1 H, Os(u-H)Os, J(PH) 14 Hz]; 3P
(*H-decoupled), 3 —30.7 [s, PPt, J(PtP) 2501] and 7.3
p.p.m. (POs); 3P (*H-decoupled, —50 °C), § —34.4 (s,
PPt), —30.5 [s, PPt, J(PtP) 2 495 Hz], 6.5 (s, POs), and
7.3 p.p-m. (s, POs); 3P (selectively decoupled), § —30.9
[d, PPt, J(PH) 15, J(PtP) 2 501] and 7.2 p.p.m. [d, POs,
J(PH) 12 Hz}.

(i) To a stirred solution of [Oss(u-H),(CO)y,] (0.46 g,
0.55 mmol) in diethyl ether (60 cm3?) was added [Pt(C,H,)-
(PPh,),] (0.42 g, 0.55 mmol). The solution turned grass
green immediately, and then brownish yellow slowly.
Concentratior: and cooling to — 20 °C afforded yellow crystals
of (4) (0.6 g, 70%,).

(b) With AsPh,. Brownish yellow crystals of the com-
pound [Os,Pt(u-H),(CO)1,(AsPhy) (PPhy)] (5) (0.07 g, 54%),
(Found: C, 34.5; H, 2.2. C,H;3,As0,,0s,PPt requires C,
34.2; H, 1.9%), m.p. 140—145 °C (decomp.), were prepared
from AsPh, (0.03 g, 0.08 mmol) and compound (3) (0.1 g,
0.08 mmol), as described in (i) above. Compound (5) had
Viax at 2 077m, 2 043vs, 2 025vs, 2 013vs, 1 991s, 1 979s,
1 969m, 1 957(sh), and 1 943m cm™. N.m.r.: H (—60 °C),
7 2.60 (m, 30 H, Ph), 18.50 [d, 1 H, Os(n-H)Pt, J(PH) 20,
J(PtH) 580 Hz], and 27.60 [s, 1 H, Os(u-H)Os]; 3P (*H-
decoupled), 8§ —-31.2 p.p.m. [s, J(PtP) 2 502 Hz].

(c) With but-2-yne. A Carius tube, fitted with a Westef
stopcock, was charged with compound (3) (1.1 g, 0.85 mmol)
and hexane (140 cm3), and but-2-yne (0.32 g, 6 mmol) was
condensed into the reaction vessel in vacuo. The reactants
were heated at 60 °C for 4 days, after which time bright
yellow crystals had formed on the walls of the tube. These
were recovered, washed with light petroleum (3 X 5 cm?),
and shown to be crystals of the complex [OsPt,(CO),-
(PPhy),(u572-MeC,Me)] (6) (0.25 g, 24%).

The mother-liquor from the reaction was concentrated
in vacuo and chromatographed on alumina. Elution with
light petroleum allowed separation into two f{ractions; a
pale green crystalline material containing the two complexes
[Os,(CO)4(CaMey)] (7) and [Osy(p-H),(CO)y(125-72-MeC,Me)]
(8) (combined yield 0.22 g), and bright yellow material
containing the two complexes [Os;(p-H),(CO)g(PPhy) (-
7-MeCyMe)l (9) and [OsPt,(CO)4(PPh,)(us-n2-MeC,Me)]
(10) (combined yield 0.28 g). Both mixtures were recrystal-
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lised from light petroleum to give crystals suitable for
separation visually under a microscope. The compounds
were characterised by the following data; (i) Complex (6)
(Found: C, 41.1; H, 2.9. C,;H,0,0sP,Pt, requires C,
41.6; H, 2.7%,), m.p. 225—230 °C (decomp.), v, at 2 047s,
2 0156m, 2 009(sh), 196lm, and 1953m cm™ N.m.r.:
iH, v 2.76 (m, 30 H, Ph) and 7.81 [s, 6 H, Me, J(PtH)
34 Hz]. %P (H-decoupled), 3 —13.3 p.p.m. [s, J(PtP)
3 366 and 165, J(PtPt) 57 Hz]; *C {*H-decoupled, in the
presence of [Cr(C;HgO,)5])}, & 191.9 [s, PtCO, J(PtC)
1 309], 182.1 (s, OsCO), 155.5 [s, CMe, j(PtC) 607 Hz],
132.7, 129.5 and 127.6 (Ph), 28.1 p.p.m. (s br, Me).

(ii) Complex (7), sublimes 100 °C iz vacuo [Found: M
(mass spectrum) 658. C,,H;,0,0s, requires M 657.5];
Yoy, &t 2 075m, 2 04ls, 2 005s, 1 987w, 1 9756m, and
1963s cm™; 'H nmr.: v 7.37 (s, 3 H, Me) and 7.63 (s,
3 H, Me).

(iii) Complex (8), v, at 2103w, 2077vs, 2 053vs,
2 027s, 2 017s, 2007vs, 1 997m, and 1 98Im cm™; H n.m.r.
(—60 °C): ~ 7.20 (s, 6 H, Me), 27.43 [s, 1 H, Os(u-H)Os],
and 31.19 [s, 1 H, Os(p-H)Os].

(iv) Complex (9) (Found: C, 32.5; H, 2.3. C3H,304-
Os,P requires C, 32.4; H, 2.1%), m.p. 178—184 °C (de-
comp.), Vinx, @t 2 075m, 2 041s, 2027m, 1 987m br, 1 969m,
and 1 963w(sh) cm™. N.m.r.: 'H, ~ 2.58 (m, 15 H, Ph),
7.11 (s, 6 H, Me), and 28.58 [d, 2 H, Os(u-H)Os, J(PH) 11
Hz]; 3P (*H-decoupled), § 1.2 p.p.m.

(v) Complex (10) (Found: C, 31.7; H, 2.1. CyH,04-
OsPPt, requires C, 31.6; H, 2.0%), m.p. 135—139 °C
(decomp.), v .. at 2075s, 2039s, 202ls, 1971m, and
1965m cm™. N.m.r.: H, t 2.57 (m, 15 H, Ph), 6.99
[s, 3 H, Me, J(PtH) 36], and 7.80 [d, 3 H, Me, J(PH) 3,
J(PtH) 34 Hz]; 3P (*H-decoupled), § —20.7 p.p.m. [s,
J(PPt) 3 406 and 171 Hz].

Crystal Structure Deteyminations.—(i) Complex (4), [Os,-
Pt(p-H),(CO)o(PPhy),]. Crystals of (4) grow as yellow
triclinic (pseudo-hexagonal) prisms. Diffracted intensities
were collected at 200 K from a crystal of dimensions 0.25 x
0.15 X 0.35 mm on a Syntex P2, four-circle diffractometer
in the range 2.9 < 26 < 60.0°, according to methods
described earlier.3%3% Of the total 7167 reflections
measured, 5 794 had I = 2.56(7) where ¢(7) is the standard
deviation based on counting statistics; only these were
used in the solution and refinement of the structurc. Three
check reflections (33 7, 6 0 5, 2 3 1) were monitored every 40
reflections but showed no significant variation over the 246 h
of crystal exposure to X-rays. Corrections were applied for
Lorentz and polarisation effects and for the effects of X-ray
absorption; * A* ranged from 5.32 to 3.57. All comput-
ations were carried out with the ' X-Ray’ system of pro-
grams % available for the CDC 7600 at the I.ondon Comput-
ing Centre.

Crystal data for (4). CgiHgo0,00s;P,Pt, M = 15724,
Triclinic, @ = 14.427(7), b = 12.793(5), ¢ = 14.151(6) A,
o = 92.33(3), B = 120.87(3), y = 91.06(4)°, U = 2 238(4)
A3, D, =235 (flotation), Z =2, D, =233 g cm3,
F(000) = 1 448, Mo-K, X-radiation (graphite monochro-
mator), A = 0.710 69 A, p(Mo-K,) — 124.0 cml, space
group PI (no. 2).

Structuve solution and vefinement for (4). The metal
atoms were located by vector methods and the sites of these
were identified as Os or Pt by thermal parameter retine-
ment. Successive electron-density difference syntheses
revealed all non-hydrogen atoms. The structure was
refined by blocked-matrix least squares with anisotropic
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thermal parameters for the osmium, platinum, and phos-
phorus atoms. All other non-hydrogen atoms were refined
isotropically. The hydrogen atoms of the phenyl rings
were incorporated at calculated positions but were not
refined. The final electron-density difference synthesis did
not reveal the locations of the bridging hydride ligands, but
these were inferred by methods explained in the main text,
including computation of potential energy minima.4
Refinement converged at R 0.041 (X’ 0.044), with a weight-
ing scheme of the form w = 1/6%(F,), where o(F,) is the
estimated error in the observed structure factor based on
counting statistics. Scattering factors were from ref. 37
for C, O, and P, ref. 38 for H, and ref. 39 for Os and Pt,
including corrections for the effects of anomalous dispersion
for Os, Pt, and P. Atomic positional parameters for (4) are
in Table 1, interatomic distances and bond angles in Table 2.

(i)  Complex (), [OsPt,(CO);(PPhy),{C,(CH,)p 1.
Crystals of (6) grow as yellow prisms. Conditions of data
collection were as for (4) except in the following parti-
culars: crystal size: 0.20 X 0.15 X 0.30 mm; 26 range:
2.9—55.0°; total no. of reflections measured: 5 942, of
which 4 438 had I > 2.5s([); check reflections: 4 0 2,
141,119, monitored every 50 reflections and showed no
significant decay; A* ranged from 6.24 to 3.54.

Crystal data for (6). C,HzeO0sP,Pt,, M = 1299.1,
Monoclinic, a = 11.143(8), b = 17.458(12), ¢ = 23.443(15)
A, B = 113.82(5)°, U = 4172(5) A%, D, not measured,
Z =4, D,= 207 g cm™, F(000) = 2432, Mo-K, X-
radiation (graphite monochromator), A = 0.710 69 A,
u(Mo-K,) = 103.8 cm™, space group F2,/c (no. 14j.

Structuve solution and refinement for (6). Solution of a
Patterson synthesis revealed a triangular array of metal
atoms, and as one side of the triangle was much longer than
the other two (equal) sides, it was evident that the two equal
sides must join a central Os atom to two Pt atoms. The
other non-hydrogen atoms were located by successive
electron-density difference syntheses. Conditions of refine-
ment were as for (4), and although again the hydrogen
atoms were incorporated at calculated positions and were
not refined, those of the butenyl ligand were clearly identifi-
able on the electron-density difference maps. The refine-
ment converged at R 0.031 (R’ 0.033). Atomic positional
parameters for (6) are in Table 4, interatomic distances
and bond angles in Table 5. Observed and calculated
structure factors, all hydrogen-atom co-ordinates, and all
thermal parameters for both (4) and (6) are listed in Supple-
mentary Publication No. SUP 22899 (36 pp.).*
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