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9; R = Me, R’ = Ph, 10).13 
Proton NMR spectra of 7 and 8 display only one signal 

for the two vinylidene substituents a t  -95 “C (a doublet 
of doublets for 7 at 3.48 ppm with 4JHp = 4.5 and 3.0 Hz; 
a singlet for the methyl protons of 8 at  2.04 ppm). The 
structure of mer-(OC)3(dppe)W=C=C(H)C02Me,8 with 
the vinylidene ligand nearly in the WP2 plane, has the two 
vinylidene substituents in different environments. The 
‘H NMR data and the expected ground-state vinylidene 
orientation indicate that vinylidene rotation is rapid on 
the NMR time scale, in accord with a calculated barrier 
of only 5.9 kcal/mol for the model compound mer- 
(OC)3(H2PCH2CH2PH2) W=C=CH2.14 The orientational 
preference of the vinylidene ligand is small in 7 and 8 
because the dominant .rr-acceptor orbital of the a-carbon 
finds a filled d r  orbital of similar energy and extension in 
all orientations. Vinylidene15 and allenylidene16 ligands 
rotate rapidly in other systems. 

To probe whether the facial to meridional rearrangement 
accompanying conversion of the acetylide reagent 4 to the 
vinylidene product 9 involved CO loss, a solution of 4 in 
THF was protonated under 1 atm of 13C0. The absence 
of 13C0 in the vinylidene product 9 suggests that the 
isomerization is intramolecular. Facile intramolecular 
rearrangements of six-coordinate carbonyl derivatives are 
well documented;17 the facial to meridional isomerization 
of M(CO)3(dppe)(q2-olefin)(M=Mo, W) complexes is 
particularly relevant.I8 
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Summary: The complex [(PPh3)2N]+[H,0s,(CO)l,(I)]-, 
obtained by deprotonation of the butterfly cluster H30s,- 
(C0)12(p-1) with [(PPh&,N] [NO,], is shown by X-ray 
analysis to consist of a tetrahedral arrangement of metal 
atoms with the two hydrides bridging adjacent edges and 
a terminally bonded iodide ligand. Protonation of the anion 
regenerates the parent neutral complex in a novel re- 
versible structural transformation assisted by the iodide 
ligand. Crystal data: monoclinic, space group PZ, la ,  a 

= 90.91 (2)O, v = 10194.7 A3, and z = 8. 
= 16.841 (2) a, b = 20.699 (1) A, = 29.249 (3) a, p 

The catalytic potential of coordinatively saturated metal 
clusters is conditioned by the formation of a vacant co- 
ordination site at some stage in the cycle. In the catalytic 
hydrogenation of ethylene with HOS~(CO)~~(OS~=) ,  for 
instance, the formation of the required vacant site has been 
proposed to involve the reversible opening of the Os-0-0s 
bridges2 Therefore, the presence of ligands with such 
ability to modify their bonding mode could result in an 
enhanced reactivity of metal clusters. 

Halide ligands on metal clusters can be bound either as 
doubly bridging, 3e donors, or terminal, le   donor^.^ Thus, 
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Scheme I 

0 6  

012 O B  

Figure 1. ORTEP diagram of [H,0s4(CO),,(I)]- (2) showing 50% 
probability thermal ellipsoids. Averaged bond lengths (A) for the 
two independent molecules: os(l)-Os(2) = 2.964 (l), os(l)-os(3) 

(1). Average Os-C and C-0 distances are 1.87 (2), and 1.14 (2) 
A, respectively. 

= 2.820 (l), os(l)-os(4) = 2.799 (l), 0~(2)-08(3) = 2.938 (l), 
Os(2)4%(4) = 2.804 (l), oS(3)-0~(4) 6 2.774 (l), Os(l)-I = 2.732 

conversion from a bridging into a terminal mode results 
in the formation of a vacant coordination site on the 
polynuclear framework. This type of modification has 
been invoked to explain mechanistic details in a number 
of p r o c e s s e ~ ; ~ ~ ~ ~  on the other hand, its reversibility would 
be relevant to catalysis by metal clusters, particularly in 
reactions promoted by iodide or other  halide^.^ 

Our previous works on the catalytic potential of several 
osmium clusters led us to imestigate the reactivity of the 
neutral iodide cluster H30s4(C0)12(p-I) (I), which was 
shown by X-rays to possess a butterfly arrangement of 
metal atoms.3d We recently reported6 that the interaction 
of 1 with [(Ph,P),N][I], [(Ph3P),N][NO2], or I2 yields the 
anionic species [H20s4(CO)12(pI)]- (2). On the basis of 
IR e~idence ,~"  together with a high yield regeneration of 
1 by protonation of 2,8 a butterfly metal core configuration 
similar to that of 1 was proposed for 2. Moreover, since 
the skeletal electron count remains unchanged during the 
deprotonation reaction, assuming that no change in the 
coordination mode of the iodide ligand takes place, a 
modification of the metal cage geometry was not expected. 

However, as previously noted! the 'H NMR spectrum 
of 27b shows H-H coupling which is not observed for l;3d 
furthermore, preliminary results on the catalytic hydro- 
genation of olefins9 indicate that the behavior of 2 differs 
considerably from that of 1 and resembles that of the 
tetrahedral species H40~4(C0)12 and [H30s4(C0)12]-. Also 
it is knowdo that addition of H+, or the isolobal fragment 

(4) Lavigne, G.; Kaesz, H. D. J.  Am. Chem. SOC. 1984, 106, 4647. 
Morrison, E. D.; Geoffroy, G. L. J.  Am. Chem. SOC. 1985, 107, 254. 
Dombeck, B. D. J. Am. Chem. SOC. 1981,103,6508. Knifton, J. F. J. Am. 
Chem. SOC. 1981,103,3959 J. Mol. Catal. 1981,11,91. Forster, D. Adu. 
Organomet. Chem. 1979,17, 255. 

(5 )  Shchez-Delgado, R. A.; Puga, J.; Rosales, M. J. Mol. Catal. 1984, 
24, 221. 

(6) Puga, J.; Shchez-Delgado, R. A.; Braga, D. Inorg. Chem., in press. 
(7) (a) I R  YCO (CH,Cl,) 2080 (m), 2048 (s), 2018 (s), 1990 (sh) cm-'. 

(b) NMR (-20 "C, CDC13) 6 h l e ~ i  -19.74, -21.66 (JH-H = 1.07 Hz). 
(8) Protonation of the anionic species 2 using HzS04 was monitored 

by IR spectroscopy. The 'H NMR spectrum obtained in CDCl, at  -20 
OC after protonation of 2 has been completed, showed the presence of 
H~0s4(C0),2(p-I) and H40s4(C0)12 in ca. 41 ratio as the only species 
present in solution. After TLC the neutral iodide derivative was re- 
covered in ca. 60% yield. 

(9) Sinchez-Delgado, R. A.; Puga, J.; Andriollo, A., to be submitted 
for publication. 

[AuPR3]+, to anionic clusters can induce a metal core re- 
arrangement. 

Therefore, in order to unambiguously establish the metal 
framework geometry and the ligand distribution in 2, an 
X-ray single-crystal structure determination was under- 
taken." The anion 2 possesses the structure shown in 
Figure 1. The four Os atoms define a tetrahedron with 
four short [mean 2.799 (2) A] and two long adjacent edges 
[mean 2.951 (2) A]. The long Os-Os bonds are bridged by 
two hydrogen atoms as can be deduced by both the met- 
al-metal bond lengthening and the CO ligand displace- 
ments, which usually accompany the presence of bridging 
hydrides. 

The I ligand is terminally bonded to Os(1) which also 
bears three terminal CO ligands. The remaining nine 
carbonyls are terminally bonded to the other three Os 
atoms. Because of the presence of the two bridging hy- 
drides the molecule is completely asymmetric, thus dif- 
fering from the isoelectronic [HzOs4(C0)12]2-12 which shows 
idealized Dzd symmetry having the two H atoms on op- 
posite edges of the metal tetrahedron. 

The Os atom bearing the iodide ligand shows a sterically 
congested situation due to the presence of three CO groups 
and the involvement in one of the H bridges. Therefore 
Os(1) is electron rich with respect to the other Os atoms. 
Such an uneven charge distribution is partially alleviated 
by pushing two equatorial COS [C(l), C(2)] in close contact 
with the two contiguous Os atoms (mean Os.-C = 2.64 A) 
toward semibridging positions. The existence of a weak 
bonding interaction is also suggested by the slight bending 
of these two carbonyls [mean Os%-0 = 163'1 with respect 
to the other ones (mean 175'). The structural features 
exhibited by the "OS(CO)~I" unit in 2 resemble those shown 
by the same fragment in the pentanuclear cluster [OsJC- 
O),,I]- (3). The anionic species 3 also contains two short 
Os.-C interactions [mean 0s-C = 2.70 A] involving two 
carbonyls of the OS(CO)~I moiety.', These CO ligands 

(10) (a) McPartlin, M; Eady, C. R.; Johnson, B. F. G.; Lewis, J. J. 
Chem. Soc., Chem. Commun. 1976, 883. (b) Braga, D.; Henrick K.; 
Johnson, B. F. G.; Lewis, J.; McPartlin, M. Nelson, W. J. H.; Vargas, M. 
D. J. Chem. Soc., Chem. Commun. 1982, 419. (c) Johnson, B. F. G.; 
Lewis, J.; Nelson, W. J. H.; Raithby, P. R.; Vargas, M. D. J.  Chem. SOC., 
Chem. Commun. 1983, 609. (d) Manassero, M.; Sansoni, M.; Longoni, 
G. J.  Chem. SOC. Chem. Commun. 1976,919. (e) Holt, E. M.; Whitmire, 
K.; Shriver, D. F. J. Chem. Soc., Chem. Commun. 1980,778. Whitmire, 
K.; Shriver, D. F. Ibid. 1980,780. Dawson, P. A.; Johnson, B. F. G.; Lewis, 
J.; Raithby, P. R. Ibid. 1980, 781. ( f )  Horwitz, C. P.; Shriver, D. F. 
Organometallics 1984, 3, 756. (9) Horwitz, C. P.; Holt, E. M.; Shriver, 
D. F. J. Am. Chem. SOC. 1985,107, 281. 

(11) Crystal data for CeHS2NO12P210s4: Mr = ( 1764.4, monoclinic, 
space grou P2Ja (from systematic absences), a = 16.841 (2) A, b = 
20.699 (1) 8, c = 29.249 (3) A, j3 = 90.91 (2)', U = 10194.7 A3, F(000) = 
6480, Z = 8, Dded = 2.30 g ~ m - ~ ,  Mo Ka radiation, X = 0.71069 A, p (Mo 
Ka) = 106.7 cm-l. Current R value = 0.0438 (R, = 0.0345) for 6002 
independent reflections [F, > 5u (F,,)] collected in the range 2.5 < B < 
23O. An empirical absorption correction was applied (370 azimuthal 
reflections measured, transmission range 37%-100% ). Two independent 
molecules were present in the asymmetric unit. Because no significant 
structural differences were detected, all  parameters discussed herein were 
averaged on corresponding values in the two independent anions. 

(12) Johnson, B. F. G.; Lewis, J.; Raithby, P. R.; Sheldrick, G. M.; 
Suss, G. J. Organomet. Chem. 1978, 162, 179. 
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have been considered as adopting a semibridging mode.14 
The Os-I bond length of 2.732 (2) A agrees with other 
reported values for terminal iodide groups. 

The structural parameters for bridged and unbridged 
bonds [2.951 (2) and 2.799 (2) A, respectively] ought to be 
compared with the values reported for other isoelectronic 
species such as [H20~4(C0)12]2-12 [2.934 (41, 2.798 (4) A], 
[H30s4(C0)12]-15 [2.949 (2), 2.798 (2) A], and [H,Os,(C- 
O)llN0]6 [2.925 (2), 2.799 (2) A] showing substantial 
agreement. However, a similar comparison with the values 
reported for 1 [3.010 (3), 2.877 (1) A, re~pectively]~~ shows 
that a general lengthening in the metal-metal bonds is 
observed on passing from a tetrahedral to a butterfly ar- 
rangement of the metal core. Longer bonds were also 
observed for the butterfly-shaped [H30~4(C0)12(p-N0)] 
[2.997 (5), 2.853 (5) A].16 

It is interesting to speculate about why the actual 
asymmetric stereogeometry is preferred to a more sym- 
metric C, configuration. A tentative rationalization could 
be that one H atom prefers coordination to the more 
electron-rich Os(l), leaving two nonequivalent sites for the 
second one. One of the sites [Os(2)-Os(3), Os(2)-Os(4)] 
is twice as probable as the other [Os(3)-Os(4)]. The sta- 
tistically favored position could thus be preferred when 
the molecule is “frozen” in the crystal. 

The facile reversibles structural transformation herein 
described (Scheme I) is certainly enhanced by the avail- 
ability of different bonding modes for the halide ligand; 
this allows a modification of the iodide from a doubly 
bridging, 3e donor to a terminal, l e  donor ligand and vice 
versa. 

Three examples of similar metal framework transfor- 
mations in Fe, clusters have been confirmed by structural 
characterization of the species involved, viz., [Fe4(C0)13]2- 
(tetrahedral), which reversibly yields [HFe,(CO),,]- 
(butterfly) on protonation,lod and [Fe4(C0)12(COCH3)]- 
(tetrahedral), which produces Fe4X(C0)12(COCH3) (X = 
H,lOe AuPEt,’&) (butterfly) by reaction with acid and PEt3 
AuC1, respectively. Also, the existence of both tetrahedral 
and butterfly isomers of [XFe,(CO),,J- (X = H,lof AU- 
PEt310g) in solution has been proposed on the basis of 
NMR data. All these rearrangements are accompanied by 
interconversion of terminal and bridging (or n) carbonyl 
ligands. 

However, to our knowledge, this is the first report of 
such a reversible structural transformation assisted by a 
halide ligand. This has important mechanistic implica- 
tions in a number of reactions of metal clusters, including 
catalytic processes, which are known to be promoted by 
halides, and particularly iodide., Preliminary studies on 
the reactivity of 2 toward the electrophilic reagents 
[AuPPh3]+ and NO+ indicate that its behavior is consid- 
erably different from that of the isoelectronic [H30s4(C- 
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Summary: Reaction of the butterfly phosphinidene com- 
plex Ru,(CO),,(p,-PPh) with diphenylacetylene affords two 
metal-carbon-phosphorus clusters, nido-Ru,(CO),,(p- 
CO),[ P(Ph)C(Ph)C(Ph)] and closo, pentagonal-bipyramidal 
R u ~ ( C O ) ~ ( ~ - C O ) ~ ( ~ ~ - P P ~ ) ( ~ , - ~ ~ - P ~ C ~ P ~ ) ,  characterized by 
X-ray diffraction and having metal, carbon, and phos- 
phorus atoms in the skeletal framework. 

The metallophosphorus clusters,l molecules which in- 
clude both metal and phosphorus atoms in a polyhedral 
framework are members of a potentially vast class of mixed 
transition meta-main group compounds.2 Such molecules 
are currently of structural and chemical interest because 
they offer the opportunity to evaluate the validity of 
current models of bonding for mixed polynuclear systems3 

(1) For a selection of recent references to phosphinidene clusters in 
which the PR unit can be considered as part of a skeletal framework see: 
(a) Lower, L. D.; Dahl, L. F. J .  Am. Chem. SOC. 1976, 98, 5046. (b) 
Huttner, G.; Schneider, J.; Muller, H. D.; Mohr, G.; Von Seyerl, J.; 
Wohlfahrt, L. Angew. Chem., Int. Ed.  Engl. 1979,18,76. (c) Field, J. S.; 
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