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tetraosmium carbonyl clusters containing bidentate phosphine ligands
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Abstract

Reactions of the activated tetraosmium hydrido cluster 1 with a series of bidentate phosphine ligands PPh,(CH ,),PPh, (n = 1, dppm;
n = 3, dppp). PPh,(CH), PPh,, (dppee) and (PPh,C sH ), Fe, (dppf) gave several novel tetraosmium clusters [Os ( u-H),(CO),( u-dppm)}
2, [0s ,( #-H)(CO),o( u-dppee)] 3a, [Os ( p-H)(CO),, (n>-dppee)] 3b [Os,( u-H)(CO),o( u-dppp)] 4 and [Os ( u-H){(CO),( pu-dpph)]

§ in moderate to good yields.

All the complexes were fully characterized by both spectroscopic and crystallographic methods. Each of the structures of 2, 3a, 4 and
§ contains a tetraosmium metal core with a bridging diphosphine ligand. Compound 3a and 3b are geometrical isomers and they differ in
the bondi~g modes of the diphosphine ligand dppee exhibits. A chelating dppee ligand bonded to a single osmium atom is observed in

complex 3b. © 1997 Elsevier Science S.A.
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1. Introduction

There has been considerable interest in the study of
the tetraosmium hydride carbonyl cluster [Os,(pu-
H),(CO),,] [1]. It has been shown that [Os,(p-
H),(CO),,] reacted with alkenes to give alkene-sub-
stituted tetraosmium clusters in good yields [2]). How-
ever, the CO substitution reaction by other nucleophiles
occurred much more readily with the activated tetraos-
mium cluster [Os ,( u-H),(CO),,(NCMe), ] 1. For exam-
ple, reaction of 1 with cyclohexa-1,3-diene gave a range
of products including cyclohexenyl, cyclohexadiene aad
benzene containing clusters [3,4). Furthermore, 1 has
been used as a catalyst in the cycloligomerization of
trimethylene sulfide to give polythioethers [5]. It has
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also beun reported that the related tetraruthenium cluster
can be incorporated in a phosphine-functionalized poly-
mer to give [Ru,( u-H),(CO),,_ ,(Ph,P-polymer),] [6]
(x=1, 3, and 4). Such polymer-immobilized clusters
have been used to catalyse olefin hydrogenation. Al-
though some triosmium carbonyl clusters containing
phosphine ligands have also been incorporated in the
polymer matrix for studies of their catalytic reaction
[7.8), the immobilized tetraosmium clusters for a similar
study have not been reported. To establish such a
catalytic system, an understanding in the chemistry of
the phosphine clusters [Os ( u-H),(CO),(PR ), ] is im-
portant. Surprisingly, the structurally characterized
phosphine-containing derivatives of [Os,( u-H),(CO), N
are very rare. The only example we are aware of is
[0s,( u-H),(CO),, {P(OMe),}] [9]). We herein report the
results of the reaction between [Os,(pu-
H),(CO),,(NCMe), ] and a series of bidentate phosphine
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ligands to produce some novel diphosphine-substituted
tetraosmium hydrido clusters [Os ( u-H),(CO), L], (L
dppm, dppee, dppp or dppf). Among them, a notable
observation is that the ligand
bis(diphenylpkosphino)ethylenc (dppee) can either act
as a bridging or chelating ligand.

2. Results and discussion

The activated tetraosmium hydrido cluster 1 was
synthesized by the reaction of the tetraosmium carbonyl
cluster [Os,(u-H),(CO),,] with 2 equivalents of
Me;NO in MeCN. The reaction gave an orange solid of
1 in good yield. Details of the preparation have been
previously reported, however, the structure of 1 is not
available. Crystals of cluster 1 suitable for X-ray
diffraction studies were obtained by slow diffusion of
diethylether into a CH,Cl, solution of the complex at
room temperature for three days. The crystal structure
of cluster 1 contains two crystallographically indepen-
dent molecules within the z.y mmetric unit. A perspec-
tive view of one of the molecules is shown in Fig. 1.
Some selected bond parameters are tabulated in Table 1.

Cluster 1, like [Os ,( u-H),(CO),, ], possesses a tetra-
hedral metal core. The carbonyl groups in cluster 1 are
al! terminally bonded to the osmium atoms, and the two
acetonitrile ligands are coordinated to the same osmium
atom, The molecule possesses approximate C, symme-
try. Interestingly, two MeCN ligands were previously
believed to coordinate to different metal centres as in
[0s,(CO),(NCMe), ] [10],
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Fig. 1. An perspective drawing of [H ;05 (CO),,(NCMe), ] 1.

2.1. Reaction of [Os,(pu-H)(CO),(NCMe),] 1 with
dppm and dppp

The reaction of a 3-fold excess of bis(diphenylphos-
phino)methane (dppm) or bis(diphenylphosphino)pro-
pane (dppp) with [Os (u-H)(CO),(NCMe),] in re-
fluxing CH,Cl, gave the complexes [Os ( pu-
H)(CO),( udppm)] 2 or [Os ( pu-H) (CO), ( p-dppp))
4. as the mujor products respectively (Scheme 1). Single
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Table 1 . (a)

Selected bond distances (A) and angles (°) for cluster 1

Molecule 1 Molecule 2

0s(1)-0s(2) 2.998(3) Os(5)-0s(6) 2919(3)

Os(1)-0s(3) 2.935(3) Os(5)-0s(7) 2.991(3)

0Os(1)-0s(4) 2915(3) 0s(5)-0s(8) 2.931(3)

0s(2)-0s(3) 2310(3) 0s(6)-0s(7) 2.816(3)

0s(2)-0s(4) 2.810(3) Os(6)-0s(8) 2.931(3) -~
0s(3)-0s(4) 2.930(3) Os(7)-0s(8) 2.805(3) auar
Os(1)-N(1) 2.07(5) 0s(5)-NG3) 1.94(5)

Os(1)-N(2) 2.02(4) Os(5)-N(4) 2.044) can
N(D-C21) 1.07(7) N(3)-C(25) 1.18(7)

N(2)-C(23) 1146) N(4)-C(27) 1.15(6) SN
N(D-Os(D-N@2)  8%(1)  NG)-Os(5)-N@)  93(1) b XD
05(2)-0s(1)-0s(3)  56.53(7) Os(6)-0s(5)-0s(7)  56.8%(7) S

0s5(2)-0s(1)-0s(4) 56.76(8) Os(6)-0s(5)-0s(8) 60.13(7)
0s(3)--0s(1)-0s(4)  60.10(7)  Os(7)-0s(5)-0s(8)  56.52(7
Os(1)-05(2)-0s(3)  60.60(8) Ox(5)-0s(6)-0s(7)  62.84(7)
Os(1)-0s(2)-0s(4)  60.14(8)  Os(5)-0s(6)-O0s(8)  60.13(7)
0s(3)--05(2)-0s(4)  62.82(8) Os(7)-0s(6)-0s(8) 58.38(8)
Os(1)-0s(3)-0s{2)  62.87(7)  Os(5)-0s(7)-0s(6)  60.27(7) AR e .
0s(1)-0s(3)-0s(4)  59.62(7) Os(5)-0s(7)-0s(8)  60.66(8) %} ‘ @/".m
0s(2)-0s(3)-0s(4)  58.61(8) Os(6)-0s(7)-0s(8)  62.86(8) sy pees
Os(1)-0s(9)-0s(2)  63.10(7)  Os(5)-0s(8)-0s(6)  59.74(7)

Os(1)-0s(4)-0s(3)  60.27(7)  Os(5)-0s(8)-0s(7)  62.82(7) (b) om
0s(2)-0s(4)-0s(3)  58.57(8)  0Os(6)-0s(8)-0s(7)  58.76(7) o) o‘,, D
N(D-CQ1-C(22) 17D N(3)-N(25)-C(26)  165(6) . ® :

N-CR3I-CRA 1656)  N@)-CRN-CEB)  174(5) A ** (D

!\ l 31
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crystals of 2 and 4 for X-ray diffraction analyses were
obtained by a dichloromethane/n-hexane layering pro-
cedure at room temperature. The molecular structures of
clusters 2 and 4 with atom numbering : chiemes are
depicted in Figs. 2 and 3, respectively, and selected
bond distances and angles are shown in Tables 2 and 3,
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o A ° ‘2 ‘,‘,, Selected bond distance (A) and angles (°) for cluster 2
P ~ Os(1-082) 2081 Os(D-0x(3) 2.065()
. AN con S0 B 0s(1)-0s(4) 2.786(2)  Os(D)-P(1) 2.339(5)
I G2 ai 33 0s(2)-0s(3) 2972(1)  0s(2)-0s(4) 2.954(1)
con umcm) (?m 05(2)=-P(2) 2.354(5) 0s(3)-0s(4) 2.806(1)
con 05(2)-0s(1)-0s(3)  59.98(3)  0s(2)-0s(1)-0s(4) 61.52(3)
I\ 05(2)-0s()-P(1) ~ 94.5(1)  Os(3)-0s(1)-0x(4) ~ 58.30(3)
- P 0s(1)-0s(2)-05(3)  59.76(3)  Os(1)-05(2)-08(4)  56.00(3)
D BN can Os(1)-0s(2)-P2)  90.5(1)  Os(3)-0s(2)-0s(4) 56.52(3)
i - . 05(1)-0s(3)-05(2)  60.26(3)  Os(1)-05(3)-0(4) 57.65(3)
AN, cm@mm 05(2)-08(3)-0s(4)  61.41(3)  Os(1)-0s(4)-0s(2)  62.48(3)
e 05(1)-0s(4)-0s(3) 64.05(3)  Os(2)-0s(4)-0s(3) 62.07(3)

Fig. 2. An perspective drawing of [H,0s ,(CO),( u-dppm)] 2.
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Table 3
Selected bond distances (A) and angles (°) for cluster 4

0s(1)-0s(2) 2.996(2) Os(1)-0s(3)
0s(1)-0s(4) 2953(2) Os(1)-A(1)
0s(2)-0s(3) 2961(2) O0s(2)-0s(4)
0s(2)-K2) 2.353(7) Os(3)-0s(4)
0s(2)-08(1)-05(3)  61.27(4)  Os(2)-0s(1)-Os(4)
0s(2)-0s(1)-P(1)  112.8(2)  Os(3)-0s(1)-0s(4)
0s(1)-0s(2)-0s(3)  56.20(4)  Os(1)-0s(2)-0s(4)
Os(1)-0s(2)-P(2) 1054(2)  0s(3)-0s(2)-0s(4)
Os(1)-0x(3)-0s(2)  62.53(4) Os(1)-0Os(3)-Os(4)
0s(2)-0s(3)-0s(4)  62.52(4)  Os(1)-0s(4)-0s(2)
Os(1)-0s(4)-0s(3)  58.24(4)  Os(2)-0s(4)-0s(3)

2.806(2)
2.350(7)
2.996(2)
2.807(2)
60.47(4)
58.27(4)
59.05(4)
56.22(4)
63.49(5)
60.47(4)
61.27(4)

respectively. The molecular structures of clusters 2 and
4 each shows a distorted tetrahedral tetraosmium metal
core which is coordinated with a bridging bidentate
phosphine ligand. For 2, the Os(1)-Os(4) and Os(3)-
Os(4) bonds [2.786(2) A, 2.806(1) A) are shorter than
the mean of the other four Os-Os bond distances
[2.968(9)] in cluster 2. This is probably due to the
absence of bridging hydride; the same observation was
also made in the Os(1)~-0s(3) and Os(3)-0s(4) bonds
of cluster 4. The Os(1)-P(1)-C(23)-P(2)-0s(2) ring in
cluster 2 adopts a twisted five membered ring conforma-
tion with C(23) lying above the ring. The seven-mem-

Table 4
Summary of spectrascopic data of cluster 2-8

bered ring [Os(1)-P(1)-C(23)-C(24)-C(25)-P(2)-
0Os(2)] in cluster 4 is also twisted which can be at-
tributed to the large torsional strain of the ring.

The two compounds have been characterized by con-
ventional solution spectroscopic methods. The spectro-
scopic data are summarized in Table 4. Their positive
FAB mass spectra both exhibit an envelope with a
molecular ion peak at 1430 (2) and 1458 (4), respec-
tively. The '"H NMR spectrum of cluster 2 shows a
double doublet at & 2.73 which is attributable to the
CH, protons. The signals at 8 —19.43 and —18.80 of
equal intensity are due to the bridging hydrides in the
metal core. Cluster 4 shows three multiplets at § 2.17,
2.67 and 2.75 from the three CH, protons in the alkyl
chain, where the two multiplets at § -19.73 and
—20.08 are due to the four hydrides on the metal cure.
The *'P NMR spectrum shows signals at & -21.91,
—29.63 for 2 and § —17.72, —6.05 for 4, which are
attributable to the coordination of phosphine to the
cluster metal core. However, the solid state structures of
both 2 and 4 are not consistent with their 'H NMR
spectroscopic data. Although it is likely that the clusters
2 and 4 will undergo fluxional processes, we cannot
work out any structure that is compatible with all the
solution NMR data without proposing two hydride atoms
bridgii.g the same Os-Os edge.

Compound IR(vey) *lem™")

"HNMR " (8, J(H?))

2 20748, 20515, 2031vs,
20063, 1983m, 1955w

=19.43 (m, 2H, OsH)
= 18,80 (m, 2H, OsH)

2.73 (dd. 2H, JIPH) = 2 12, CH )

7.52 (m, 20H, 4C H,)
= 19.06 (m, 4H, OsH)
.51 (m, 2H, CH=CH)

3a 20735, 20485, 2029vs,
20025, 1965m, 1944w

20798, 2050s, 20195,
20005, 1975m, 1942w

20725, 20485, 2029v»,
2002s, t987m. 1956w

20735, 20485, 2029vs,
20045, 1989m, 1960m

1.37 tm, 20H, C H,)
=22.34 (s, IH, OSH)
= 18.99 (s, 1H, OsH)
= 17.54 (s, 1H, OsH)
=17.02 (s, 1H, OsH)

3.30 (m, 2H, CH=CH)

7.64 (m, 20H, C, H,)

=19.73 (m, 2H, OsH)
= 2008 (m, 2H, OsH)

217 (m, 2H. CH,)
2,67 (m, 2H, CH,)
2.75 (m, 2H. CH,)

7.31-7.60 (m, 204, C H,)

= 18.67 (m, 2H, OsH)
= 19,08 (m, 2H, OsH)

406 (m, 2H € H,)

"PNMR (8, J(H2) Ms ¢

= 2091 (s, PPh,0s) 1430
= 29.063 (s, PPh,0y) (1430

= 26,81 (broad, PPh ,Ox) 1441
1442)

34.25 (s. PPh,Os) 1441
4114 (s, PPh Os) (1442)

= 17.72 (s, PPh,0s) 1458
- 6.08 (s, PPh,Os) (1458)

- 16,70 (s, PPh,Ox) 1599
(1600)

4.26 (d, 4H, JIPH) = 14Hz), C H,)

448 (s, 2H, C(H,)

7.46 (m. 20H, C,, H,)

*In CH,CL,.
* In CD,Ci,.
“In CDCI,
* Cakulated values

in parentheses,
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cuN C( 18
)

Fig. 4. An perspective drawing of [H ;05 (CO),(n*-dppee)] 3b.

2.2. Reaction of [Os,(u-H)(CO),(NCMe),] 1 with
dppee

A four-fold excess of bis(diphenylphosphino)ethyl-
ene (dppee) was allowed to react with cluster 1 in
refluxing CH,Cl, to give two isomeric clusters 3a and
3b with the stoichiometry [Os ( u-H),(CO),,(dppee)].
Bis(diphenylphosphino)ethylene adopts a bridging mode
in 3a but it acts as a chelating ligand in the formation of
3b. The dppee-br ldgud (.Iusu,r 3a shows a broad multi-
plet at & —19.06 in the '"H NMR spectrum. This is
assigned to the four hydrides in the tetraosmium core,
while the corresponding four hydrides in the dppee-
chelated cluster 3b appeared as four singlets at 8
=273, 1899, ~17.54 and -~ 17.02. The positive
FAB wiass spectra of both 3a and 3b show a parent ion
envelope centred at m /2 1441, indicating they have the
same molecular mass and are probably isomeric to each
other. Their IR specira show a similar carbonyl absorp-
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Fig. 5. An perspective drawing of [H 05 ,(CO),( u-dppf)] 5.

Table 5 .
Selected bond distances (A) and angles (°) for cluster 3a

Os(1'-0s(2) 2.985(1) Os(1)-0s(3) 2.964(1)
0s(1)-0s(4) 2970(1) Os(1)-F(1) 2.358(6)
0s(2)-0s(3) 2.782(1)  0Os(2)-0s(4) 2.930(1)
0s(2)-P{(2) 2.324(6) Os(3)-0s(4) 2.804(1)

0s(2)-0s(1)-0s(3)  55.77(3)  Os(2)-0s(1)-0s(4) 58.95(3)
0s(2)-0s(1)-P(1) 99.3(2) 0s(3)-0s(1)-0s(4) 56.40(3)
Os(1)-0s(2)-0s(3)  61.73(3)  Os(1)-0s(2)-0s(4) 60.27(3)
Os(1)-0s(2)-P(2) 101.1(1) 0s(3)-0s(2)-0s(4) 58.72(3)
Os(1)-0s(3)-0s{2)  62.50(3) Os(1)-0s(3)-0s(4) 61.9i(3)
0s(2)-0s(3)-0s(4)  63.27(3)  Os(1)-0s(4)-0s(2) 60.78(3)
Os(1)-0s(4)-0s(3)  61.6%3)  0s(2)-0s(4)-0s(3) 58.00(3)

tion Patteru in the range of 2080-1940 cm™'. However,
the " P NMR spectrum of cluster 3a showed a broad
multiplet at § —26.81, whereas the phosphorus in 3b
gave signals at § 34.25 and 41.14. The downfield shift
of the phosphiorus aton:- in cluster 3b is probably due to
the chelating effect of the bidentate phosphine ligand.
Previous studies have shown that a phosphorus atom
involved in a five membered chelated ring experiences
anomalously large nuclear deshielding upon coordina-
tion [11,12). Orange crystals of cluster 3a and yellow
crystals of 3b suitable for X-ray diffraction analyses
were obtained by slow evaporation of the respective
solutions of cluster 3a and 3b in CH,Cl,/n-hexane.
The molecular structures of clusters 3a and 3b are
shown in Figs. 4 and 5, respectively. The selected bond
parameters are given in Tables 5 and 6, respectively.
The molecular structure of cluster 3a is very similar
to that of cluster 2 in which a bidentate phosphine
ligand bridges across Os(1) and Os(2). The 0s(2)-0s(3)
[2.782(DA] and Os(3)-0s(4) [2.804(1) A) bonds in
cluster 3a are shorter than the average of the other four
bond lengths in cluster 3a [average 2.96(2) Al Again
this may be attributed to the presence of the bndging
hydrldcs along the Iomg,c,r 0s-0s bonds. In cluster 3a,
the six membered rings [Os(1)--P(1)-C(23)-C(24)--
P(2)-0s(2)] forms a twisted boat conformation. The
bidentate phosphine ligand in cluster 3b is no longer
bridging to the two osmium atoms, but chelates one

Table 6 ‘

Selected bond distances (A) and angles (©) for cluster 3b
0s(1)-0s(2) 3.0256(9) Os(1)-0s(3) 2.965H9)
0:(1)=0s(4) 2.9614(9) Os(1)-P(1) 2.30(4)
0s(2)-0s(3) 2.9331(9) 0%(2)-0s(4) 2.8132(9)
Os(1)-2(2) 23134 Is(3)-0s(4) 28211

0s(2)-0s(1)-0s(4) 56.04(2)
0s(3)-0s(1)-0s(4) 56.84(2)
Os(1)-05(2)-05(4) 60.83(2)
0s(3)-0s(2)-0s(4) 58.76(2)
Os(1)=0s(3)-08(4) 61.52)
Os(D)-0x(4)-0s(2) 63,13(2)
0s(2)-0s(4)-0s(3) 62,74(2)

0s(2)--0s(1)-0s(3)  58.61(2)
0s(2)-0s(1)-P(1)  108.7(1)
Os(1)-0s5(2)-0s(3)  59.68(2)
Os(2)-0s(1)-P(2)  110.8(1)
Os(D-0s5(3)-0s(2)  61.71(2)
0s(2)-0s(3)-0s(4)  58.5((2)
0s(1)-0s(4)-0s(3)  61.66(2)
P(1)-0s(1)-P(2) 84.5(2)
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osmium atom Os(1). The diphosphine ligand and the
Os(1) atom form a five-membered ring structure, with
the angle P(1)~Os(1)-P(2) being 84.5°. The mean of
the other four Os—Os bond lengths [2.97(3) A] in cluster
3b is longer than the Os(2)-Os(4) and Os(3)-Os(4)
bonds [2.8132(9) A and 2.821(1) A]. Again, this is
presumably due to the bridging hydrides in other Os-Os
bonds.

The conformations of both clusters 3a and 3b have
been studied by molecular mechanical calculations us-
ing MM2 parameters. The optimization of the structures
of clusters 3a and 3b was carried out until convergence
had been reached. The result of optimization shows that
the total energy of cluster 3a is larger than that of
cluster 3b. Since the yield of cluster 3a is much larger
than that of cluster 3b, this indicates that cluster 3a is
probably kinetically favourable whereas cluster 3b is
thermodynamically favoured. The result agrees well
with the ring strain of the two clusters, in which the five
membered ring possesses a smaller ring strain than that
of the six membered ring. However, the interconvertion
of 3a and 3b is not observed at room temperature or
even in refluxing CH,Cl,.

2.3. Reaction of [Os,(u-H),(CO),(NCMe),] I with
dppf

When cluster 1 is reactcd with a two-fold excess of
1.1"-bis(diphenylphosphino)ferrocene in CH,Cl, for 6
h. a new cluster [Os,( u-H),(CO),( p-dppf)] § is iso-
lated as a major orange product. The IR absorption
pattern of the CO stretching activity of cluster 8 is very
similar to those of clusters 2-=4. The ferrocenyl ligand
gives three signals in the 'H NMR at 8 4.06, 4.26 and
4.48 corresponding to the eight protons in the ferroceny)
moiety. The "'P NMR specium of cluster § gives a
singlet at 8 =16.70 due to the coordinated P moieties.
The positive FAB mass spectrum of cluster § shows an
envelope of parent ion peak centred at m/:z 1599,
Single otange crystals of cluster § were obtained by
slow evaporation of § in CH,Cl,/n-hexane solution.
The molecular structure of cluster § is depicted in Fig. 6
and selected bond parameters are tabulated in Table 7.

The molecular structure of cluster § consists of an
Os, tetrahedron with the dppf ligand bridging across an
Os-Os edge via two P atoms. The Os(1)-Os(4) and
Os(3)-0s1 1) edges [2.7989%(7) and 2.8088(5). respec-
tively] are found to be shorter than the other four
05=0s bond distances due to the absence of bridging
hydrides as previously mentioned. The angle at the
phosphine bound osmium atom in cluster § is the largest
aniong clusters 2-8. The 0s(2)-0s(1)-P(1) and Os(1)-
Os12)-P(2) fragments have an angle of 118.08 and
114.09 respectively. Since the ferrocene group in cluster
§ is much larger and less flexible than the alkane or

Table 7

Selected bond distances (A) and angles (°) for cluster §

0s(1)-0s(2) 2.9982(7) Os(1)-0s(3) 2.9593(8)
Os(1)-0s(4) 2.798%(7) Os(1)-R(1) 2.349%(4)
0s(2)-0s(3) 2.9854(5) Os(2)-0Os(4) 2.9801(5)
0s(2)-P(2) 2.356(2)  Os(3)-0s(4) 2.8088(5)

0s(2)-0s(1)-0s(3)  60.14(2)
0s(2)-0s(1)-P(1)  118.08(6)
Os(1)-0s(2)-0s(3)  59.28(2)
Os(1)-0s(2)-P(2)  114.90(9)
Os(1)-0s(3)-0s(2)  60.57(2)
Os(2)-0s(3)-0s(4)  61.82(1)
Os(1)=0s(4)-0s(3)  63.71(2)

0s(2)-0s(1)-0s(4) 61.76(2)
0s(3)-0s(1)-0s(4) 58.31(2)
Os(1)-0s(2)-0s(4) 55.83(2)
0s(3)-0s(2)-0s(4) 56.18(1)
Os(1)-0s(3)-0s(4) 57.98(2)
Os(1)-0s(4)-0s(2) 62.42(2)
0s(2)-0s(4)-0s(3) 62.01(1)

alkylene chains in 2-4, it is reasonable for cluster § to
show larger angles.

3. Experimental

None of the compounds reported here are particularly
air-sensitive. However, all reactions and manipulations
were carried out under Ar with the use of standard
inert-atmosphere and Schlenk techniques. The reactions
were ..onitored by solution IR spectroscopy in the
carbonyl stretching region. Solvents were dried by stan-
dard procedures [13] and freshly distilled prior to use.
The "H NMR spectra were recorded on a Bruker DPX
300 NMR spectrometer. The 'P NMR spectra were
recorded on a Bruker DPX 500 NMR spectrometer
(85% H,PO, for "' P). Mass spectra were obtained on a
Finnigan MAT 95 instrument with fast atom bombard-
ment technique,

Al chemicals, except where stated. were purchased
from commercial sources and used as received without
any further purification. The starting cluster
[H,05,(CO),,(NCMe),] was prepared from
[H,0s,(C0),,] following the literature {14,15). Routine
separation of products was performed in air by thin-layer
chromatography using plates coated with Merck Kiesel-
gel 60 GF,,.

3.1, Preparation of [H,05 (CO)( u-dppm)] 2 and
[H,05,(CO),yf pu-dppp)] 4

The cluster 1 (113mg, 0.1mmol) and a 4-fold excess
of bis(diphenylphosphino)methane (153mg, 0.4mmol)
or |.4-bis(diphenylphusphino)propane (171mg,
O4mmol) in CH,Cl, (25cm') were heated to reflux
under an argon atmosphere for 4 h until all starting
materials had been consumed as monitored by TLC.
The solvent was removed under reduced pressure and
the residue was chromatographed on silica plate with
n-hexane /dichloromethane (7:3, v /v) as eluent. Cluster
2 was isolated as a deep yellow solid
[H,05,(CO),( p-dppm)] (R, = 0.6) in 45% yield (65



Table 8

Crystallographic data. data collection and structure solution parameters fior clusizr 1-5
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3b
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Empirical formula
M

Crystal color, habit
Crystal size /mm
Crystal system
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B/

y/°
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149171}

12.575(8)

90

91.342)

S0

2328.2(2)

4

3.218

1968

21795
MAR-research
image plate scanner
50.4

20566

4372

0.067

2739

0
0.051
0.065
1.94

238t —243

Gs . P.Gy oCi-H
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o0

3919.1(5)

3

2456

2632

13054
MAR-research
image plate scanner
318

23919

7493

0033

3208

238

0.052

0.057

186

1401w —3.27

05,P,C 1,040H,Cl,
1526.28

Orange
0.18x0.18x0.38
Monociinic

P2, /c (No. 14)
11.685(1)

18.402(1)

20.369%2)

90

102.54(2)

90

4275.47)

4

2.371

2792

120.94
MAR-research
image plate scanner
511

28453

7845

0.063

3125

251
0.046
0.046
220

i.4810 —1.91

0s,0,,P,Cy;H;,
1457.39

Yellow
0.12x0.34X0.36
Moanoclinic

P2, /¢ (No. 14)
9.315(1)
20.933(1)

21.28%(2)

90

98.94(2)

90

4120.70)

4

2.360

2664

124.77
MAR-research
image plate scanner
52

29348

7765

0.095

2393

293
0.042
0.074
2917

259w —1.73

054F€P20|()C44 H 3z
1599.33

Orange
0.2X0.2x0.28
Orthorhombic

Pbca (No. 61)
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17.318(1)

24.135(2)
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90
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8
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115.29
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image plate scanner
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mg) (Found: C, 29.35; H, 1.88; P, 4.19%. Calc. for
0s,C,H,,P,0,,: C, 29.25; H, 1.82; P, 4.31%), and
cluster 4 was isolated as a pale yellow solid
[H,05,(CO),( u-dppp)] (R;=0.5) in 30% yield (44
mg) (Found: C, 30.68. H, 1.84; P, 4.12%. Calc. for
0s,C,,H,,P,0,,: C. 30.49; H, 2.07; P, 4.25%).

3.2. Preparation of [H,O0s,(CO), u-dppee)] 3a and
[H,0s,(CO},(n’-dppee)] 3b

The cluster 1 (1.13 mg, 0.1 mmol) and a 4-fold
excess of cis-bis(diphenylphosphino)ethylene (158 mg,
0.4 mmol) were heated to reflux in dichloromethane (25
cm®) under an argon atmosphere for 3 h. The solvent
was evaporated to dryness under vacuum. The residue
was purified by TLC using n-hexane dichloromethane
(7:3, v/v) as eluent. Two bands were obtained. The
orange solid was characterized as cluster 3a (R, = 0.6)
in 50% yield (72 mg) (Found: C, 30.17; H, 1.93; P,
4.25%. Calc. for Os,C,,H,,P,0,,: C, 30.00; H, 1.82;P,
4.30%) and the yellow product was [H,0s,(CO), (9
dppee)] 3b (R, =0.55) in 10% yield (14 mg) (Found:
C. 30.21; H, 1.89%. Caic. for Os,C, H,,P,0,,: C,
30.00; H, 1.82; P, 4.30%).

3.3. Preparation of [H,0s,(CO),( p-dppf)] §

The cluster 1 (113 mg, 0.1 mmol) and a 2-fold
excess of 1,1'-bis(diphenylphosphino)ferrocene (110 mg,
0.2 mmol) were stirred in dichloromethane (25 cm’) for
6 h under an argon atmosphere. The solvent was re-
moved under reduced pressure, The residue was puri-
fied by TLC using n-hexane dichloromethane (8:2,
v/v) as eluent. An intense yellow nroduct of cluster §
was isolated (R, = 0.4) in 30% yiel. (47mg) (Found: C,
33.13; H, 2.21; P, 3.65. Calc. for Os FeP,C,,H,,0,,
C. 33.04; H, 2.02; P, 3.87%).

3.4. Molecular modelling

Molecular modelling was carried out on a CAChe
Tektronix computer. The parameters are: reluxation fac-
t. = 1, convergence to 0.004 kJ/mol, and the energy
terms included: bond angles and stretch, dihedral angles
and improper torsions, intramolecular van der Waals,
electrostatic and hydrogen bond interactions.

Conformation of 3a and 3b were simulated and the
predicted conformational energy of 3a is 970.8 kJ /mol,
while 3b is 948.7 kJ/mol. The predicted average total
energy for 3a and 3b are 8292.2 kJ/mol and 7837.9
kJ/mol, respectively. They are in agreement with the
suggestion that 3a is the kinetic product, while 3b is the
thermodynamic product,

4. X-ray crystallography

All pentinent crystallographic data and other experi-
mental details are summarized in Table 8. Intensity data
were collected at ambient temperature on either a MAR
research image plate scanner (cluster 1, 3a, 3b, 4 and 5)
or a Rigaku AFC7R diffractometer (2) using Mo-K,
radiation (A =0.71073 A) with a graphite-crystal
monochromator. For cluster studied by image plate
scanner, 65 3° frames with an exposure time of 5 min.
to 10 min. per frame were used to collect the intensity
data. The w — 26 scan technique with scan ratc of 16
°min~' (in w) was using for cluster 2. The intensity
data were corrected for Lorentz and polarization effect.
The yrscan method [16] was used for absorption correc-
tion for 2. However, no absorption correction was made
for other clusters. The structures were solved by a
combination of dircct methods (SIR88) [17] and differ-
ence Fourier techniques. The solutions were rcfined on
F by full-matrix least-squares analysis with Os and P
varied anisotropically until convergence was reached.
The hydrogen atoms of the organic moieties were gen-
erated in their ideal positions (C-H 0.95 A), while
hydride atom positions were estimated by potential
energy minimizations [18]. All the hydrogen atoms were
included in the structure factors calculations but were
not refined. For cluster 1, attempts have been made to
establish the polarity of the structure as it crystallized in
a polar space group. However, the quantity of the data
does not allow a conclusive distinct between two forms
to be made. All calculations were performed on a Silica
Graphics  workstation  using the  program  package
TeXsan [19]. Addition materials availuble from the
Cambridge Crystallographic Data  Centre Comprise
atomic coordinates, thermal displacement parameters
and remaining bond distance and angles.
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