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It was suggested that C was formed by excitation of an electron 
from a metal-metal bonding orbital into a metal-metal anti- 
bonding orbital. 

However, two other g r o ~ p s ~ J ~ , ' ~  have found that the photo- 
generated species seems rather inert toward carbon tetrachloride, 
behavior unexpected of a diradical such as A, and have proposed 
carbonyl-bridged intermediates as alternatives. While we have 
little to offer in this continuing controversy,20 we note that there 
appears to be a correlation between the relative amounts of I and 
IV that are formed and the initial concentration of 111. Thus, 
IV is only obtained when the concentration of I11 is high, consistent 
with an oligomerization process. On this basis coupling of di- 
radicals C would appear to be a reasonable route to a polymer 
or a cyclic oligomer containing repeating [ R U ~ ( C O ) ~ ~ ]  units. 

As mentioned above, a compound appearing to be IV has been 
previously prepared in THF but not charac te r i~ed .~  We had 
initially assumed that the material reported and subsequently 
obtained by us was a THF adduct and hence was of little interest. 
It was only when we obtained it in hydrocarbon solvents as well 
that we suspected a new binary carbonyl compound. A similar 
material also appears to have been prepared by James et a1.,21 
who obtained an insoluble purple solid formulated as [HRu(CO),], 
from the carbonylation of aqueous solutions of ruthenium tri- 
chloride. We have repeated the synthesis of this material and 
found that it has an IR spectrum and an X-ray powder diffraction 
pattern similar to (but not identical with) the corresponding data 
for IV. We find that the purple solid reacts with iodine to form 
cis-Ru(CO)J2 quantitatively, and as the original evidence for the 
hydride ligand was indirect, we suggest that the material obtained 
from aqueous solution is an isomer of IV. 
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The assignment of metal-metal stretching vibrations in some 
dimetal tetraacetates remains controversial." The main difficulty 
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Figure 1. Raman spectra of (a) Mo2(02CCH3), and (b) Mo2(02CCD3),. 

lies in the distinction between the metal-metal vibrations and the 
metal-oxygen vibrations since both may occur in similar spectral 
 region^.^ The most satisfactory method of assignment is to make 
use of the small shifts that occur on isotopic substitution of the 
metal atoms?,' This method is, however, not generally applicable 
since suitable isotopes of some metals are not readily available 
and, in other cases, the cost may be prohibitive. The alternative 
procedure of l8O substitution of the acetate grouping is also 
expensive I 

In the course of our studies of the Raman, resonance Raman, 
and electronic spectra of dirhodium tetracarb~xylates ,~*~ we ob- 
served that the wavenumber shifts in the metal-carboxylate modes 
induced by deuteration of the carboxylate ligand are larger than 
those caused by oxygen isotopic substitution. We were unable 
to confirm our assignments by metal isotope substitution since 
there are no stable isotopes of rhodium other than naturally 
occurring Io3Rh. It seemed possible that acetate deuteration would 
provide a low-cost, readily available, and generally applicable 
method for differentiation of predominantly metal-metal and 
metal-carboxylate stretching vibrations. In order to test this 
hypothesis, we have applied the method to the well-established 
case of Mo2(02CCHJ4 where ~(Mo-Mo) has been shown to occur 
at 404 cm-I by metal isotope substitution.6 
Experimental Section 

Mo2(02CCH,), and its deuterated analogue were prepared by the 
method of Holste et a1.I" Acetic-d, acid-d (99.96%) was obtained from 
Aldrich Chemical Co., Inc. The samples for Raman spectroscopy were 
mounted as pressed disks side by side in the cryostat and measured under 
identical conditions (sample temperature 20 K with <3 mW of 5145-A 
excitation at a spectral slit width of 2 cm-l) to ensure equal temperatures. 
Infrared spectra were measured at 80 K as pressed wax disks at a spectral 
resolution of 1 cm-' with a Bruker 113 V interferometer. 

Results 
The 20 K Raman spectra of Mo2(02CCH3), and Mo,(02CC- 

D3)4 are shown in Figure 1, and the wavenumbers of the prominent 
features below 450 cm-' are given in Table I. It is immediately 
clear that the band at 404 cm-' is essentially unshifted on deu- 
teration whereas the group of three bands in the 323-301-cm-' 
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Table I. Vibrational Data for lsotopomers of Mo2(O2CCHJ4 in the 
Range 450-1 50 cm-I " 

Raman infrared 
NAMo2 NAMoj 92M0j NAMo2-d,2 NAMo2 NAMo2-d,2 

404 404 413 403 
373 363 
353 343 
342 321 

323 321 322 313, 310 
315 31 1 314 302 
30 1 298 299 293 

31 1 285 
235 224 
230 220 

204 200 200 201 
189 186 186 187 

183 172 

"NA = natural abundance. bValues were taken from ref 6. The 
excitation wavelength was 5145 A, with the samples held at room 
temperature. 
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Figure 2. Far-infrared spectra of (a) MoZ(02CCH3), and (b) Mo2(O2- 
CCDd4. 

region shift by about 10 cm-I to low wavenumbers. This is entirely 
consistent with the assignment of the 404-cm-I band to the 
metal-metal stretch and the lower group of bands to the three 
Raman-active M o - 0  stretching modes expected on a Mo20s 
vibrational model." These Mo-O stretching modes shift by about 
2 cm-' to lower wavenumber on 92Mo substitution of the natural 
molybdenum. The relative insensitivity of the two bands at  204 
and 189 cm-' to both 92M06 and deuterium substitutions suggests 
that they involve bending modes of the Mo20s skeleton. We also 
note that the insensitivity of the main progression-forming mode 
in the lowest energy electronic transition to deuteration', confirms 
that this progression is in the excited-state ~(Mo-Mo) mode, which 
has a wavenumber ca. 370 cm-I. 

The 80 K infrared spectrum (Figure 2) is consistent with these 
assignments. The three bands in the 373-342-cm-' region shift 
10-21 cm-I to low wavenumber on deuteration. The shift of the 
member of this group with lowest wavenumber is much larger than 
would be expected on the basis of a pure Mo-acetate stretching 
mode in a Mo208 model (8 cm-'), which suggests that some methyl 
rocking motion is also involved in this mode. This is not unex- 
pected. Most of the higher wavenumber bands in the infrared 
and Raman spectra show appreciable shifts on deuteration, the 
smallest shifts being shown by the symmetric and asymmetric CO, 
stretching vibrations. There is no evidence in the infrared spectrum 

for a band at  404 cm-'. This is consistent with the assignment 
of the Raman band at  this wavenumber to ~(Mo-Mo), a funda- 
mental that would be Raman- but not infrared-active in the D4,, 
point group to which the molecule belongs. 

The effects of solid-state interactions on the number of Mc-0 
stretching modes active in the infrared spectra, on the appearance 
of new bands around 200 cm-I, and on the substantial changes 
on deuteration in the 500-650-cm-l region will be detailed in a 
separate study.I3 
Conclusion 

The results of this study indicate that deuteration of the car- 
boxylate group may provide a useful, low-cost alternative to I8O- 
and metal-isotope-substitution experiments for the assignment of 
metal-metal stretching vibrations in dimeric tetracarboxylates. 
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The binuclear phosphido-bridged osmium complexes Os2- 
(C0),(p-X)(p-PPh2) (1) and Os2(CO),(p-PPh2), (2) are inter- 
esting compounds because the p-halide functionality of 1 should 
allow the preparation of derivatives with organic ligands and 2 
is analogous to the well-studied complex Fe2(p-PPh2)2(C0)6.1*2 
The relative chemical inertness of Os in 2, as compared to Fe, 
should permit the preparation of intermedites that have escaped 
detection or isolation in the Fe system.'t2 

The logical approach to the synthesis of phosphido-bridged 
compounds containing halide ligands is the metathesis reaction 
between LiPPh, and binuclear metal halide c ~ m p l e x . ~ ~ ~  For the 
preparation of the desired Os2 complexes 1 and 2, potentially useful 
synthetic reagents are the halide complexes Os,I,(CO), (3) and 
O S ~ ( ~ - I ) , ( C O ) ~  (4).596 Herein we describe the synthesis of 1 (X 
= I) from 4 and its structural characterization as well as some 
aspects of its reactivity. Also described are attempts to prepare 
the bis(phosphid0)-bridged complex 2. During the course of these 
studies we optimized the syntheses of 3 and 4, and those details 
are also reported. 
Results 

The reactions successfully carried out in this work are sum- 
marized in Schemes I and 11. 

High-Yield Syntheses of O S ~ I ~ ( C O ) ~  (3) and OS~(M-I)~(CO)~ 
(4). The title complexes can be prepared by the thermal reaction 
of O S ~ ( C O ) ~ ~  with I, in t o l ~ e n e . ~  We have found that the tem- 
perature a t  which the reaction is conducted is critical in deter- 
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