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summary 

The utility of photochemical methods for the directed synthesis of mixed- 
metal clusters has been explored. The 366 nm photolysis of a solution contain- 
ing [PPN] [ Co( CO),] (PPN = (Ph,P),N’) and Os,(CO) 12 gives the new cluster 
[ PPN] [ CoOs,( CO) J in 33% yield. Irradiation of a mixture of Fe( CO) j and 
H,Os,(CO) 1,, yields H,FeOs,(CO) 1s in 95% yield, and photolysis of Ru,(CO) 12 
in the presence of H,Os,(CO) 10 gives the new cluster H2RuOs,(CO) i3. Details of 
these syntheses, their probable mechanisms, and the characterization of the 
new compounds are discussed. 

The condensation of a carbonylmetallate with a closed metal carbonyl trimer 
has been demonstrated to be a valuable method for the preparation of mixed- 
metal clusters [l-4]. The nucleophile [Co(CO),] - has been found to work par- 
ticularly well in these syntheses. For. example, near-quantitative yields of 
[ PPN] [ CoRu,( CO) la1 (PPN = (Ph,P),N’) are obtained from the reaction of 
[PPN][Co(CO),] with Ru,(CO),, (eq. 1) [2]. 

[PPN] [Co(CO),] + Ru,(C0),2 --f [PPN] [CoRu,(CO),,] (1) 

However, reactions of this type do not always yield the desired product, and 
in particular, reactions employing Os,(CO),, generally give little or none of the 
expected tetranuclear cluster, e.g. (eq. 2-3) [ 1,2,5]. 

[Fe(CO),]*- + Os3(CO),,3 z H2FeOs3(C0)13 (2) 

(9%) 

[Co(CO),] - + Oss(CO),, 5 N.R. (3) 

Suspecting that the lack of success with Os,(CO) 12 may be due to the relative 
strength of the OS-CO bonds [1,2,6,?], thus retarding their dissociation, and 
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knowing that photoexcitation generally leads to CO loss from metal carbonyls 
[ 81, we decided to try to photoassist reactions of this type. This has been suc- 
cessful in one case and herein we report the preparation of [CoOs,(CO),J - in 
good yield via photolysis of the reaction mixture shown in eq. 3. 

Stone and coworkers have elegantly shown that coordinatively unsaturated 
metal complexes can add to the formal Os=Os double bond of H20s,(CO),c to 
give mixed-metal clusters in high yield, e.g., eq. 4 and 5 [ 91. 

H,Os,(CO) lo + WC&) G’PhA --f H,Os,R(CO) m(PPhdz (4) 

<I) 

05 (CO IA 

A (co),os~o5Ko), 
---H--- 

(i) 

H,OSJCO),~ + Rh(C,H&(acac) + HzOs,Rh(CO),,(acac) (5) 

After failing to ob’tain a high yield of H,FeOs,(CO),, via the reaction shown in 
eq. 2, we attempted to prepare this cluster via an adaption of Stone’s method 
using photogenerated electrophiles (i.e., “Fe(CO),“). Indeed, photolysis of a 
mixture of Fe(CO)5 and H,Os,(CO) 10 gives the desired H,FeOs,(CO) is cluster 
in excellent yield. The analogous new cluster H,RuOs,(CO j is results from pho- 
tolysis of a mixture of Ru,(CO) 12 and H,OS,(CO),~. Details of these and other 
photochemical studies are reported herein. 

Results 

l_ Preparation of [PPNl[CoOs,(CO) J_ Repeated attempts to prepare the 
cluster anion [ CoOs,(CO) la1 - via the thermal reaction between [ Co( CO)q] - and 
Os,(CO) i2 proved unsuccessful despite considerable effort in varying the reac- 
tion conditions [ 23. A low yield of the unstable protonated derivative HCoOs,- 
(CO) 13 was obtained in an experiment in which K[Co(CO),] was allowed to 
react with the trimer mixture Oss-, RuOst-, Ru*Os- and RUDER followed by 
acidification [2]. We have now found that the desired [COOS~(CO),~]- anion 
can be obtained in 33% recrystallized yield as its PPN’ salt by irradiating a solu- 
tion of [PPN] [Co(CO),] and 0s3(CO)iZ with 366 nm light (eq. 6). 

[PPN] [Co(CO),] + OS,(CO),~~ [PPN] [CoOs,(CO),,] (6) 
2rI”c. 48 h (33%) 

The formation of [CoOs,(CO) Is] - is evident after 2 h photolysis and the yield 
slowly increases with increased photolysis time. Even after 48 h when the reac- 
tion was stopped, a significant quantity of unreacted Os,(CO) 12 remained. In 
contrast, there was no evidence of reaction when the reagents were refluxed in 
THF solution for 48 h. [ PPN] [ CoOs,( CO) J was characterized by chemical 
analysis and by its IR spectrum, Table 1, which is similar to that of the analo- 
gous [PPN] [ CoRu,(CO),J [ 2]_ The compound is air stable in the solid state 
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INFRAREDSPECTRALDATA 

Cluster Solvent Y(CO) (terminal. cm-') v(CO)(bridging,cm-'1 
- 

HzFeOs3(C0)13 hexane 2114~~. 2087s. 2073s. 1875w.1846m 
2041vs.2034m.2027m. 
2017m.1994~ 

H?RuOs3(C0),3 hexane 211Ovw.2082vs, 2067~s. 1869w(br) 
2057vs.2029m.2025m. 
2OlSs.2008~ 

H~Ru~(CO)~~ hesane 2112~~.2079vs, 2068~. 1880wv<br) 
2056vs.2036m.2024vs. 
2008w 

CPPNlcCoOs3(CO~~31 THF 2072m.2017r=s.2007(sh) 1825w.1801m 
1966mw. 1945mw 

CPPNlCCoRu3(C0)131 THF 2067~. 2017~~.1993m, 1828w.1803m 
1974mw 

;- ______~_ 

and in solution for moderate periods of time (1-2 d). 
2. Preparation of H,FeOs,(CO) IS. This cluster has previously been prepared 

in yields of 9 and 7% by the reactions shown in eqs. 2 and 7 [l,lO]. 

H20s(C0)+ + Fe,(CO)9 3 H,FeOs3(CO),, Cl01 (7) 

We have found that H,FeOsA(CO) 13 can be conveniently synthesized in 
>90% isolated yield by irradiating a solution of H,Os,(CO) 10 and Fe(CO)5 with 
366 nm light, eq. 8. H,FeOs,(CO) 13 was identified by comparison of its IR 

WCOh + H2063(C0)10 ' "~~~~em! H, FeOs, (CO) 13 

25*C.2 h 

spectrum to that reported [l,lO] _ The only other product detected in the reac- 
tion was Fe,(CO) 12 in low yield. 

3_ Preparation of H,RuOS~(CO)~~. This previously unknown cluster was pre- 
pared in 23% isolated yield by irradiating a solution of Ru,(CO) 12 and H,Os,- 
(CO) 10 with 366 nm light (eq. 9). The reaction was continued until the IR spec- 

Ru,(CO) 12 + H,Os,(CO),, G HzRuOs3(CO) 13 (9) 
25"C,70h 

trum indicated little unreacted H,Os,( CO) 10 remained. Chromatography of the 
reaction mixture yielded two other fractions which were identified as H,Ru,- 
(CO),, [II] and HqO~4(C0)13 [12] by their IR data. The new cluster H,RuOs,- 
(CO),, was characterized by its IR spectrum, Table 1 and Fig. 1, and by its 
mass spectrum and its elemental analysis. It appears to be indefinitely air-stable 
in both the solid state and in solution. 

4. Photoiysis of [V(CO) J- and M,(CO),,(M = Fe, OS) solutions. In 
attempts to prepare VFe, and VOs, cluster anions, equimolar solutions of Na- 
[ V( CO),] and Fe,( CO) 12 or Os,(CO) 12 were irradiated with 366 nm and meta- 
thesized with [ PPN] Cl. However, the only crystalline products obtained were 
[ PPN] [ HFe,( CO) I J and [PPN] [ HOs,( CO) l J , identified by their reported IR 
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Fig- 1. Infrared spectra of (a) H2FeOsg(CO)13, (b) H~RuOS~(CO)~ 3. and (c) H2Ruq(CO)l3 in hexme 

solution. 

data [13,143. Apparently [V(CO)J- is a sufficiently strong reducing agent to 
reduce both of these trimers to their respective anions, although the proton 
source is presently unknown. In this regard it has been recently reported that 
reduction or photolysis of Fe,(CO) 12 in THF solution leads to the formation of 
[HFe,(CO) 11] - and the hydride was assumed to-derive by abstraction from 
THF [15). 

5. Photolysk of V($-C5H5j(CO)3/H20s3(CO)10 and V(q’-C,H,)(CO)J 
Os,(COj 12 solutions. In an attempt to synthesize VOs, clusters, equimolar 
hexane solutions of V($-CSH,)(CO),/H,Oss(CO)lo and V($-C,HS)(CO),/Os,- 
(CO) 12 were irradiated with 366 nm-light under a continuous N, purge. In each 
case the IR spectra of the irradiated solutions showed a continual decrease in 
the bands due to V($-C5HS)(CO), but the only vanadium-containing product 
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isolated was the V2(q5-C5H5)2(C0)5 dimer. This dimer is -known to result from 
photolysis of V(@-C,H5)(CO), [ 161. 

6. Photolysis of M(CO), (M = Cr, MO, W)/H,Os,(CO) 10 solutions. Hexane 
solutions of M(CO), (M = Cr, MO, W) were irradiated in the presence of H,Os,- 
(CO) 10 in attempts to prepare the corresponding MOs, clusters. These, however, 
were not obtained and only slow decomposition of M(CO), resulted. H,Os,- 
(CO) 10 was recovered unchanged. 

Discussion 

-4s demonstrated herein by the preparation of H,RuOs,(CO) 13 and H,FeOs,- 
(CO),,, photolysis of metal carbonyl complexes in the presence of H,Os,(CO) lo 
is a viable method for the synthesis of mixed-metal clusters. However, it is not 
without its limitations, as evidenced by the unsuccessful synthetic attempts 
described above. Insight into whether or not a particular combinat.ion of reac- 
tants will give the desired product could perhaps be gained by consideration of 
the reaction mechanism. Even though H,Os,(CO) 10 absorbs a portion of the 
incident 366 nm irradiation (eje6 1698 M-r cm-‘), independent studies have 
shown that H,Os,(CO) 10 is not very photoactive although it does slowly yield 
H,Os,(CO) I3 upon prolonged photolysis [17]. On the other hand both Fe(CO), 
and Ru3(CO) i2 are highly photosensitive. Photolysis of Fe(CO), is known to 
yield Fe(CO), as a primary photoproduct [ 81, and Ru,(CO),~ has been shown 
to fragment upon photolysis in the presence of CO to yield Ru(CO), [18]_ The 
mechanism of this latter reaction is presently unknown although Ru(CO), 
monomers may initially be formed. Following Stone and coworkers’ [9] ele- 
gant demonstration of the thermal addition of nucleophilic metal complexes to 
%Os,(CO) 10, the clusters H,FeOs,(CO) 13 and H,RuOs,( CO) i3 presumably arise 
via the initial addition of Fe(CO), and Ru(CO), to the Os=Os double bond of 
H,Os,(CO) lo- Further CO loss, either thermally or phctochemically induced, 
must then occur to close the clusters to the final products. 

Why then did the reactions which employed V($-C,H,)(CO), and M(CO), 
(M = Cr, MO, W) not proceed to give the desired MOs, cluster even though each 
of these metal carbonyls is known to undergo CO loss upon photolysis? We can 
only surmise that the photogenerated intermediates are not sufficiently nucleo- 
philic to attack H,Os,( CO) 1o or that such addition is retarded by the increased 
size of the particular intermediate relative to Fe(CO), and the small nucleo- 
philes studied by Stone and coworkers [9]_ 

The synthesis of [CoOs,(CO) J- described herein also demonstrates that the 
carbonylmetalate addition to a metal carbonyl trimer can be photoassisted. The 
role of light in this reaction is presumably to activate Os,(CO) 12 to attack by 
the carbonylmetalate_ The electronic absorption spectrum of [Co(CO),] - is 
transparent in the region of irradiation (366 nm). Likewise, IR spectra of solu- 
tions containing Os,(CO),, and [Co(CO),]- show only bands attributable to 
these two species and thus the concentration of any intermediate formed by 
thermal addition of [Co(CO),]- to OS,(CO),~ is far too low to absorb a suffi- 
cient fraction of the incident irradiation. Thus the only viable candidate for 
photoactivation is 0s3(CO)r2. 

O%(CO)12 is known to lose CO upon photolysis in preference to cleavage of 
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the OS-OS bonds [19]. In contrast to Ru,(CO),~ [X3], photolysis of OSCAR 
for 2 h under 6 atm of CO gives no net reaction whereas photolysis of OS,- 
(CO),, in the presence of PPh, rapidly yields the Os,(CO),,_,(PPh,), (X = 1-3) 
substii;ution products [ 19]_ We also find that photosubstitution dominates as 
irradiation of Os,( CO) 12 in CH,CN solution yields a mixture of the known OS,- 
(CO) ll(CH,CN) and Os,(CO) lo(CH,CN), clusters [ 203 and not monomeric prod- 
ucts_ Thus the photoassisted synthesis of [CoOs,(CO) ,J - presumably proceeds 
via photoinduced CO loss from Os,( CO) 12 to produce “OSJCO)~ 1” which is 
more susceptible to addition of [Co(CO),]- (eq. lo), than is Os,(CO),,. 

os3(co)17, h-sc co + “OS3(CO)~~” ~ [coos,(co) Is]- + 2 co (10) 

Whether or not this observation has any relevance to the mechanism of the 
thermal reactions between carbonylmetalates and closed metal carbonyl trimers 
which give good yields of tetranuclear clusters is not clear [ 1,2] _ 

Characterization of H2RuOs3(CO)13 and [COOS~(CO)~J- 

1. H2RuOs3(C0)~3. The mass spectrum of H,RuOs,(CO),, shows a parent ion 
at m/e 1038 with the correct isotopic distribution along with fragment ions corre- 
sponding to successive loss of all 13 carbonyls. The infrared spectrum of H,Ru- 
Os,(CO) 13 is shown in Fig. 1 and the data summarized in Table 1. Significantly, 
the IR spectrum of H,RuOs,(CO) 12 is not similar to the IR spectra of the iso- 
electronic clusters H,FeRu,(CO) 13, H2FeRu20s(C0)13, H,FeRuOs,(CO) 13, and 
H,FeOs,(CO) 13 [1] but instead more closely resembles that of H,Ru,(CO) 13 
(Fig. 1). It should be noted that H,FeRu,(CO),, (II) [21], and H,Ru,(CO),, 
(III) [ 221, have similar structures but yet their spectra differ significantly in the 
bridging CO region. H,FeRu,(CO) 13 shows the two band pattern expected for 

these structures which arises from symmetric and antisymmetric motions of the 
two bridging carbonyls. However, only a single broad band is observed in the 
bridging carbonyl region for H,Ru,(CO) 1J and H,RuOs,(CO) 13_ We conclude 
that the structure of H,RuOs,(CO) 13 is similar to that of H,Ru,(CO) 13 as indi- 
cated in IV. Alternative structures with the bridging CO’s attached to OS do not 
appear as likely. 

The ‘H NMR spectrum of H,RuOs,(CO) 13 shows a broad singlet at 6 -20.7 
ppm (6.7 Hz half-width) attributable to the two equivalent hydrides in IV. The 
position of this resonance is consistent with the hydride assigned to a position 
bridging OS-OS bonds [ 231. In the series of compounds H,FeRuJCO) 13, 
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IW’eRu20s(C0)13, and HzFeRuOsz(CO)lJ, the chemical shift ordering 
G(Ru,-,Ru) > G(Ru,Ts) > S(Os,Ts) was clearly evident with the most upfield 

H H H 

tm, 

resonance at -19.82 ppm assigned to the hydride bridging the OS--OS bond in 
the C, isomer of H,FeRuOs,(CO) 13 [ 23b] _ 

Why do H,Ru,(CO) 13 and H,RuOs,(CO) 13 show only the single broad band 
in the bridging CO region instead of the expected two band pattern? Other 
molecules show an effect similar to this with the most notable example being 
Fe,(CO) 12 for which the IR spectrum in non-polar solvents does not agree with 
either the crystallographically established CzL, structure or with the Djh struc- 
ture of RuJCO) i2 [ 24,251. Cotton has suggested that this effect arises because 
the molecule is easily deformable with a range of structures present in solution, 

Fig. 2. Structure of the anion CCoRu3(CO)1 xl- 121. A terminal CO (C(l)-O(1)) attached to Co has been 
omitted for clarity. 
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thus, in effect, “washing-out” the limiting Cl0 spectrum 126,271. Molecules of 
this type have been termed “fictile” f28]_ Perhaps both H,RuJC0)i3 and 
H,RuO+( CO) r3 belong to this class of compounds, at least with respect to the 
bridging and terminal carbonyls attached to the unique Ru atom (Ru( 1) in 
III)_ Support for this hypothesis comes from a 13C NMR study of H,Ru,(CO),,. 
ln the 13C NMR spectrum of this complex separate resonances for the bridging 
and terminal carbonyls attached to Rul (cf. III) were notresolvable and, 
instead, an average signal was observed at temperatures as low as -72” C ] 29). 
This contrasts sharply with H,FeRu,(CO) 1J in which separate resonances for 
the bridging and terminal carbonyls attached to Fe are clearly observable at 
-65O C [ 23]_ Resolution of this question will have to await the results of 
variable-temperature 13C and ‘H NMR studies of H,RuOs,(CO),, which are 
currently underway_ 

2. [PPN] [CoO.sj(CO) J_ The band pattern in the infrared spectrum of 
[PPN]~~oOs~(~O~~~] is similar to that of ~PPN]~CoRu~~CO)~~J 121, although 
some minor frequently shifts are evident. The structure of [CoOs,(CO) Is] - is 
thus presumed to be analogous to that established for [CoRu,(CO)i,]- [2] as 
indicated in Fig, 2. 

Experimental 

General. Fe(CO),, I?e3(CO)IZ, M{CO), (M = Cr, MO, W), V~~‘-CiH~)(CO)~, 
Na[V(CO),] - 2 C,H,,O,, hereafter abbreviated Na[V(CO),], and [PPN]Cl were 
obtained from Alfa-Ventron Corp. and were used without further purification_ 

E~PNICWOLI 13% Ru&O)lz 13% OSLO, 1321, and HzOsJ(CO)l, 
[33] were prepared by published procedures_ All solvents were dried and 
degassed prior to use. A Blak-Ray B-IOOA UV lamp (Ultra-Violet Products, San 
Gabriel, CA) with a 366 nm filter was used as the irradiation source_ Infrared 
spectra were recorded on a Perkin-Elmer model 580 IR spectrophotometer 
and are accurate to within +2 cm-‘. Chromatographic separations were con- 
ducted on SiOl using the previously described chromatography apparatus [l] _ 
Electron impact mass spectra were obtained using an AEI-MS9 spectrometer, 
and ‘H NMR spectra were measured on a Bruker WH-200 spectrometer. Ele- 
mental analyses were obtained by Schwartzkopf hlicroanalytical Laboratory, 
Woodside, N.Y. 

~~~~r~~~~~ of N,FeUsdCUf 13_ A 100 ml hexane solution of H,Os,(CO) 10 
(77.2 mg, 0.090 mmol) and Fe(CO), (100 ~1, -0.743 mmol) was irradiated 
with 366 nm light for 2 h under a slow Nz purge. After 15 min the presence of 
H,FeOs,(CO) 13 was detected by IR spectroscopy and an orange film of 
H,FeOs,(CO) i3 began to deposit on the walls of the flask as the reaction pro- 
ceeded. Evaporation of solvent and unreacted Fe(CO), gave an orange residue 
which was chromatographed on SiO,. Green Fe,( CO) i2 and purple H20s3(CO) 10 
were first eluted in that order using hexane as the eluting solvent. The third 
band containing orange H,FeOs,( CO) 1J was eluted with a 9/l hexane/benzene 
solvent mixture and evaporation of solvent gave an orange microcrystalline 
product (85.4 mg, 0.0866 mmol, 95% yield). 

Preparation of H,RuUs,(CO),3. An 80 ml hexane solution of H,Os,(CO) 10 
(33.2 mg; 0.039 mmol) and Ru,(CO)~~ (24.8 mg; 0.039 mmol) was irradiated 
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with 366 nm for 70 h under a siow. Nz purge. The IR spectrum indicated that 
the reaction had slowed considerably by this time, and the orange solution was 
reduced in volume to about 30 ml. Chromatography on SiOZ with hexane as 
the eluting solvent gave 4 fractions in the following order: a yellow-brown 
inseparable mixture of Ru,(CO) 12 and H,Os,(CO) lo; red-orange H,Ru,(CO) 13 
(4.6 mg; 20% yield based on Ru,(CO),,); orange HzRuOs,(CO),, (19.1 mg; 
0.018 mmol, 23% yield based on H,Os,(CO) Io); yellow H,Os,(CO) 12_ Anal. 
Found: C, 15.04; H, 0.15. H,RuOS,(CO)~~ calcd.: C, 15.04; H, 0.19% 

Preparation of [PPiVj[CoOs,(CO),J. A 150 ml THF solution of Os,(CO),, 
(102.6 mg, 0.113 mmol) and [PPN][Co(CO),] (82.1 mg; 0.114 mmol) was 
irradiated with 366 nm light for 48 h under a slow N, purge during which time 
the solution changed color from yellow to orange. The THF was removed un- 
der vacuum, and the resultant orange residue was dissolved in 50 ml Et,O. The 
solution volume was reduced to 20 ml and slow diffusion of petroleum ether 
(b-p. 40-6O”C) into the Et,0 solution in a double tube recrystallizer gave red 
crystals of [PPN][CoOs,(CO),,] (55.9 mg, 0.036 mmol, 33% yield). Anal. 
Found: C, 38.22; H, 2.06. [PPN] [CoOs,(CO) I31 calcd.: C, 35.41; H, 1.96%. 

Acknowledgments 

This research was supported in part by the Office of Naval Research. G.L.G. 
gratefully acknowledges the Camille and Henry Dreyfus Foundation for a 
Teacher-Scholar Award and the Alfred P. Sloan Foundation for a research 
fellowship_ 

References 

1 G.L. Geoffroy and W.L. Gladfelter. J. _4mer. Chem. Sot., 99 (1977) 7565. 
2 P.C. Steinhardt. W-L. Gladfelter. -4-D. Harley. J.R. Fox and G.L. Geoffroy, Inorg. Chem.. 19 (1980) 

332. 
3 J. Knight and J. Mass. 3. Chem. Sot. Dalton Trans., (1972) 1022. 
4 W.L. Gladfelter and G.L. Geoffroy. Advan. Organometal. Chem., 18 (1980) 207. 
5 R.A. Epstein. H.W. Withers and G.L. Geoffroy, Inorg. Chem.. 18 (1979) 942. 
6 J.A. Connor. H-i\. Skinner and Y. Virmani. J. Chem. Sot. Faraday Trans., 68 (1972) 1754. 
7 J.A.Connor, To~.Cu~.Chem, 71<1977)71_ 

8 G.L. Geoffroy and h1.S. Wrighton. OrganometaUic Photochemistry. Academic Press. New York. 1979. 
9 L.J. Farrugia. J.A.K. Howard. P. Mitrprachachon. J.L. Spencer. F-G-4_ Stone and P.J. Woodward. J. 

Chem. Sot.. Chem. Commun.. (1978) 260. 
10 J.R. Moss and W.A.G. Graham, J. Organometal. Chem.. 23 0970) c23. 

11 B.F.G. Johnson. R.D. Johnson. J. Lewis and B.H_ Robinson. Chem. Commun.. (1966) 851. 
12 S.A.R. Knox. J:W. Koepke. M._4. Andrews and H-D. Kaesz. j. Amer. Chem. Sot.. 97 (1975) 3942. 
13 H.A. HodaIi and D.F. Shriver. Inorg. Chem.. 18 (1979) 1236. 
14 C.R. Eady. J.J. Guy. B.F.G. Johnson. J. Lewis. M.C. Malatesta and G.M. Sheldrick, J. Chem. Sot.. 

Chem. Commun.. (1976) 602. 
15 P.A. Dawson. B.M. Peake. B.H. Robinson and J. Simpson. Inorg. Chem.. 19 (1980) 465. 
16 W.A. Herrmann and J. Plank. Chem. Ber.. 112 (1979) 392. 
17 H.C. Foley and G.L. Geoffroy. unpublished observations. 
18 B.F.G. Johnson. J. Lewis and h1.V. Twigg. J. Organometal. Chem.. 67 (1974) C75. 
19 D.R. Tyler. M. AltobeIli and H.B. Gray, J. Amer. Chem. Sot.. 102 <1980) 3022. 
20 M. Tachikawa and J.R. Shapley. J. Organometal. Chem.. 124 (1977) C19. 
21 C.J. Gilmore and P. Woodward. 3. Chem. Sot. Chem. Cormnun.. (1970) 1463. 
22 D.B.W. Yawney and R.J. Doedens. Inorg. Chem.. (1972) 838. 
23 (a) G.L. Geoffxoy and W.L. Gladfelter. J. Amer. Chem. SOC.. 99 (1977) 6775: (b) W.L. Gladfelter sod 

G.L. Geoffroy. Inorg. Chem.. in press (1980). 
24 J. Knight and M.J. Mays. J. Chem. Sot. Chem. Commun.. (1970) 1006. 



188 

25 M. PoIiakoff and J.J. Turner. J. Chem. So& Chem. Commun.. (1970) 1008. 

26 F.A. Cotton and D.L. Hunter. Inorg. Chim. Acta. 11 (1974) LS. 
27 F+_ Cotton, E’rog. Inorg. Chem.. 21 (1976) l_ 
28 (a) F-A. Cotton and J.D. Jamerson, J. Amer. Chem. Sot., 98 (19761 1273: (b) 98 (1976) 5396. 

29 S. Aime, L. &Elone. D. OselIa and E. Sappa. Inorg. Chim. Acta. 29 (1978) L211. 
30 J.K. Ruff and W.J. Schlientz. Inorg. Syn,, 15 (1974) 87. 
31 A_ Mantovani and S. Cenini, Inorg, Ssn_, 16 (1975) 47. 
32 B.F.G. Stone and J. Lewis. Inorg. SYn.. 13 (1972) 93. 
33 S.A.R. Knox. J.W. Koepke. M.A. -4ndrews and H.D. Kaesz. 3. Amer. Chem. Sot.. 97 (1975) 3942. 


