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S t " y :  The reactions of [MIr(CO)&ippm),] (M = Rh, 
Ir; dppm = Ph2PCH,PPh2) with methyl triflate yield 
[RhIr(CH,)(CoMdppm),] [CF,SO,] and the unusual prod- 
uct of C-H activation of a methyl group [Ir,H(CO),(p- 
CH,)(dppm),] [CF,SO,], respectively. The reactivities of 
them specks wlth small molecules such as H,, CO, Cd,, 
and PR, are reported. 

Alkyl complexes of the Co-triad metals are known to be 
involved as key intermediates in a variety of important 
catalytic processes such as the carbonylation of methanol,' 
the hydrogenation of carbon monoxide? and olefin hy- 
drogenation, hydroformylation, and hydr~silation.~ Al- 
though work on mononuclear alkyl complexes of these 
metals has resulted in an improved understanding of the 
involvement of the metal alkyl species in catalysis,4 very 
little has been reported on binuclear derivatives, in spite 
of m n t  interest in utilizing complexes containing adjacent 
metals as catalysts.6 

We have previously reported two unusual, binuclear 
alkyl complexes involving Rh and Ir, [MRe(CH3)(CO),- 

(1) Fwter, D. A d a  Orgonomet. Chem. 1979,17,255. 
(2) Dombek, B. D. Adu. Catal. 1989,32,325. 
(3) (a) James, B. R. Adu. Orgonomet. Chem. 1979,17,319. (b) Pruet, 

R. L. Adu. Orgonomet. Chem. 1979,17,1. (c) Masters, C. Homogeneous 
ICtonsitwn-Metal Catalysie: A Gentle Art; Chapman and Hall: London, 
1980. (d) Spebr, J. L. Adu. Organomet. Chem. 1979, 17,407. 
(4) (a) Parshall, C. W.; Mrowca, J. J. Adu. Organomet. C k m .  1988, 

7, 157. (b) Atwood, J. D. Coord. Chem. Reu. 1988,83,93. 
(5) (a) Balch, A. L. In Homogeneous Catalysis with Metal Phosphine 

Complexes; Pignolet, L. H., Ed.; Plenum: New York, 1983. (b) Brown, 
M. P.; Firher, J. R.; Franklin, S. J.; Puddephatt, R. J.; Thomeon, M. A. 
In Catalytic Ilrpecta of Metal Phosphine Complexes; Alyen, E. C., Meek, 
D. W., Advancea in Chemietry Series 196, American Chemical So- 
ciety: W n e h i i n ,  DC, 1982; p 231. (c) Poilblanc, R. Inorg. Chim. Acta 
1982,62,75. (d) Muetterties, E. L.; Kraue, M. J. Angew. Chem., Int. 
Ed. Engl. lSo,22,135. (e) Ert& G. In Metal C b t e r a  in Catalysis; Gates, 
B. C., Guai, L., Knozinger, H., E~EL; Elsevier: New York, 1986, Chapter 
11. (0 Le-, G.; Kaesz, H. D. In ref 5e, Chapter 4. (g) Mako, L.; 
V i - O r w ,  A. In ref 5e, Chapter 5. 

0276-7333/92/2311-3157$03.o0/0 

(dppm)2][CF3S03] (M = Rh, Ir), in which the alkyl group 
is bound to the group 9 metal, and have described some 
of the transformations involving these groups? More 
recently a series of related alkyl compounds involving the 
Rh/Os7 and Rh/Mn8 combinations of metals have also 
been characterized and studied. In this report we describe 
the alkylation of the complexes [MIr(CO)3(dppm)z] (M = 
Rh, Ir; dppm = Ph2PCH2PPhJ and some of the unusual 
transformations that occur, including the very facile, re- 
versible C-H activation of a coordinated methyl group by 
an adjacent metal. 

The reaction of [RhIr(CO)3(dppm)2] (1) with 1 equiv of 
methyl triflate yields the methyl complex [RhIr(CH& 
(CO)3(dppm)2] [CF3S03] (2): having the methyl group 
terminally bound to Ir. This is unlike the analogous alkyl 
complexes of Rh/Re: Rh/Os,' and Rh/Mn,8 all of which 
have the alkyl groups bound to Rh. The 'H NMR spec- 
trum of 2 shows the methyl resonance as a triplet at 6 
-0.08, and selective 31P-decoupling experiments confirm 
that the methyl protons are coupled only to the phos- 
phorus nuclei on Ir. The 13C('H] NMR spectrum of a 
13CO-enriched sample also confirms the structure of 2, 
having only one carbonyl on Rh and two on Ir. Prelimi- 
nary results on the reactivity of 2 are summarized in 
Scheme I. Reaction of 2 with H2 yields the known tri- 
hydride species 3,1° through methane and CO evolution. 
Although no methyl hydride intermediate was observed 

(6) Antonelli, D. M.; Code, M. Organometallic8 lSSl,10, 2550. 
(7) Moro, G.; Hilts, R. W.; Sterenberg, B. T.; Code, M., m n n d p t  

in preparation. 
(8) Wang, L.-S.; Code, M., to be submitted for publication. 
(9) Data for 2 (light brown powder): slP(lH} NMR (CD&, -40 'C) 

8 29.84 (dm, lJRLrP = 120 Hz), -5.50 (m); 'H NMR (CD& -40 "C) 6 4.33 
(m, 4 H), -0.08 (t, 3 H); 'SC{'H} NMR (CD&I* -40 'C) 6 183.72 (dt, 1 C, 
' J ~ G  = 75 Hz), 187.9 (bm, 2 C) (all '% NMR studim on 'SCO-dched 
samples); IR (Nujol mull) u(C0) 1986,1971,1912 c d .  Anal. Cdcd for 
RhIrSFsP,O&&,: C, 50..W; H, 3-81. Found: C, 50.17; He 3.83. 

(10) McDonald, R.; Cowe, M. Inorg. Chem. lsSo,29,1664. 
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Scheme I 

3 2 6 

OC-Rh-:lr-CCH. 

I I 
pvp 
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in thia reaction, such a species is obtained in the reaction 
of 2 with 1 equiv of HCl to give [RhIr(CH,)(CO),(p-H)- 
(p-Cl)(d~pm)~] [CF3S03] (4).11 Compound 4 represents 
a rare example in which a hydrido-methyl complex is 
stable to methane elimination. Although the relative 
positions of the equatorial ligands are not known, it is 
assumed that the hydride and methyl groups are trans, 
inhibiting reductive elimination. The hydride ligand is 
clearly bridging, and the methyl group remains coordinated 
to iridium, as demonstrated by the appropriate NMR 
experimenta. Reaction of 2 with CO yields the acyl com- 
plex 5,12 which is analogous to the methyl precursor; the 
acyl stretch in the IR spectrum of 5 appears at 1623 cm-l, 
and the '9c NMR resonance for the acyl carbon is obeerved 
at S 227.9. Poeeibly the most unusual reaction of 2 involves 
ita incorporation of ethylene to yield [RhIr(CH,)(CO),- 
(C2H4)(dppm)2] [CF3S03] (6).13 The migration of the 
methyl group to Rh has yielded a compound which is 
analogous to [Rh0~(CH,)(CO)~(dppm),], which also has 
the methyl group on Rh and has three carbonyls on Os.' 
The ethylene and methyl protons of 6 appear as triplets 
at 6 0.75 and 0.35, respectively, in the 'H NMR sped",  
and although neither resonance displays resolvable cou- 
pling to Rh, aelective 31P-decoupling experiments confii 
that the ethylene protons are coupled to the Ir-bound 
p h p h o m  nuclei whereas the methyl protons are coupled 
to the phoephorua nuclei on FUL The absence of obrvable 
Rh coupling in the methyl signal is not unexpected, since 

(11) Data for 4 (orange powder): alP(lH} NMR (CDzClz, room tem- 
perature) 6 22.13 (dm, lJWp = 111 Hz), -4.39 (m); 'H NMR (CDzC12, 
room temperature) 6 4.4 (m, 2 H), 3.83 (m, 2 H), 4 . 2 6  (t, 3 H), -9.6 (m, 
1 H 'J H = 20 He); 'F('H) NMR (CD&lz; room temperature) 6 189.33 
(dt,'l FJ- = 84.6 Hz), 164.36 (t, 1 C); IR (Nujol mull) u(C0) 1982, 

2.68. Found C, 48.38, H, 3.43; C1,3.93. Analytical regulta are variable 
owing to lom of tbe CH,CI, of crystallization. The above mdts, obtained 
over a ohort time span, agree very well wi th  the calculated values if 1/4 

(12) Data for I (light yellow solution; @lid not isolated): slP(lH} NMFt 
(CD&l, m m  temperature) 6 26.73 (dt, JR&P = 128.7 Hz), 46.79 (t); 'H 
NMR C b Q  , room temperature) 6 3.60 (a, 4 HI, 0.83 (bs, 3 H); '%I1HI 
NMR (CD& , room temperature) 6 227.87 (be, 1 C), 194.M) (m, 2 C), 
187.87 (m, 1 k); IR (CHzC1,) u ( C 0 )  2003,18SO,1623 cm-l. 

(13) Data for 6 (orange soluhon): 31P(1H) NMR (CD2ClZ, -40 'C) 6 
32.68 (dm, lJWp = 141.1 Hz), 6.38 (m); 'H NMR (CDzC12, -40 "C) 6 3.32 
(m, 4 H), 0.76 (t, 4 H), 0.36 (t, 3 H); l%(lH) NMR (CDZCl2, -40 'C) 6 
204.74 (dm, 2 C, 'J- = 20 Hz); IR (CHZClZ) v(C0) 1986 cm-'. 

1932 c"'. Anal. C d d  for RhIrClSF~P4O&~H~: C, 49.12; H, 3.66; C1, 

~ q u i v  Of CHZCI, is ESSUIII~ ( d c d  C, 48.56; H, 3.64; C1,3.96). 

I I 
pvp 

4 

in related species this coupling has been shown to be quite 
small (2-3 Hz)?J and the broad triplet for the methyl 
group in 6 could easily mask such coupling. Both carbonyls 
are semibridging, as shown by the '3c NMR spectrum in 
which coupling to Rh of 20 Hz is 0b~erved.l~ Ethylene 
adducta of dppm-bridged binuclear complexes of Rh or Ir 
are extremely rare (to our knowledge [Ir2(CO)(C2H4)(p- 
I)Oc-CO)(dppm)2][X] (X = I, BF,) are the only other ex- 
ample~);'~ thus compound 6 having an accompanying alkyl 
group is unprecedented. 

Replacing the Rh atom in 1 by the more basic Ir atom, 
to give [Ir,(CO),(dppm),] (7), results in a dramatic change 
in reactivity upon alkylation. The reaction of 7 with 
methyl triflate in CH2C12 at 0 OC gives two characterizable 
species in a 1.21 ratio, together with unidentified decom- 
position products. The major species [Ir,H(CO),(p- 
CH,)(d~pm)~] [CF,SO,] (8),lS is the novel hydrido, meth- 
ylene-bridged species shown in Scheme II. Selective and 
broad-band 31P-decoupling experiments clearly differen- 
tiate the two methylene resonances of the dppm groups 
from that bridging the metals (6 4.60). This latter reso- 
nance appears as an apparent quintet in the 31P-coupled 
'H NMR spectrum and simplifies to a triplet upon selec- 
tively decoupling either ,lP resonance and to a singlet upon 
broad-band 31P decoupling, whereas the dppm methylene 
protons appear as the expected AB quartet (at 6 5.28,3.59) 
upon ,lP-broad-band decoupling. Although the chemical 
shift for the dimetalated methylene protons is slightly 
outside the wide range quoted for such groups when they 
bridge a metal-metal bond (6 5-11);' the significance of 
this observation is not clear, since we are aware of at least 
two reports in which methylene protons in related species 

(14) Terminal carbonyls on Rh generally show coupling to Rh of ca. 
60-70 Hz, and symmetrically bridging carbonyls dieplay coupling of ca. 
30 Hz. The obeerved coupling of 20 Hz suggeata a weaker interaction with 
Rh. 

(16) Vaartat.'8, B. A,; Xiao, J.; Jenkins, J. A.; Verhagen, R.; Cowie, M. 
Organometallrce 1991,10, 2708. 

(16) Data for 8 (light brown powder): slP{lHJ NMR (CDZC12, -60 'C) 
6 4.34 (t), -12.61 (t); 'H NMR (CD C$, -60 "C) 6 5.28 (m, 2 H), 4.60 (m, 

(t, 1 C), 177.0 (t, 1 C), 162.0 (t, 1 C); IR (NUJO~ 
1970 cm-'. And Calcd for IT2QFaP4O&H4,: C, 47.2; H, 3.37. Found 
C, 47.32; H, 3.40. 

(17) (a) Hemnann, W. A. Adu. Organomet. Chem. 1982,20,168. (b) 
Puddephatt, R. J. Polyhedron 1988, 7, 767. 

2 HI, 3.69 (m, 2 H), -11.25 (t, 1 H); l%!( HI Nb?R 
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Scheme I1 

Organometallice, Vol. 11, No. 10, 1992 3169 

1 2  a 9 

13 
( R Me (a) I Ph (b) ) 

resonate at even higher field (6 4.32,4.78, 4.08)le than for 
8. Unfortunately we have not yet succeeded in identifying 
the 13C resonance of the methylene group in samples 
prepared using nonenriched methyl triflate. Compound 
8 is the unusual result of C-H activation of a coordinated 
methyl group by an adjacent metal center-a transfor- 
mation that has only rarely been ob~erved. '~J~ In ad- 
dition, it appears that this reversible transformation is 
unusually facile. At ambient temperature the 'H reso- 
nances of the bridging methylene and hydride ligands are 
broad and unresolved, suggesting an exchange between the 
two, preaumably via an intermediate methyl complex. This 
exchange has been confiied by a spin-saturation-transfer 
experiment at -30 "C, in which saturation of one signal 
causes a corresponding decrease in the intensity of the 
other. The other product observed in the preparation of 
8, namely [ I ~ ~ ( C H , ) ( C O ) ~ ( ~ P P ~ ) ~ I  [CF3SO3I is the 
result of CO addition to either 8 or the methyl interme- 
diate, with the source of CO presumably being the un- 
identified decomposition products. Compounds 8 and 9 
are readily interconvertible at room temperature by the 
addition or removal of CO. The transformations involving 
8 are not unlike those of 2; thus, under H2 the known 
trihydride 1021 is obtained and under CO the labile acyl 
complex 11 is identified.22 Reaction of 8 with ethylene 
yields [I~z(CH,)(CO)~(C~H,)(~PP~)~I [CF3SOd (121, an- 
other unusual methyl-ethylene complex.23 It is perhaps 

10 

(18) (a) Calvert, R. B.; Shapley, J. R J. Am. Chem. SOC. 1977,99,5225. 
(b) Chetcuti, M. J.; Grant, B. E. Orgonometollics 1990,9,1345. 

(19) See for example: (a) Park, J. W.; Mackenzie, P. B.; Schaefer, W. 
P.; Grubbs, R.H. J. Am. Chem. SOC. 1986,108,6402. (b) Kulzick, M. A.; 
Price, R. T.; Andersen, R. A.; Muetterties, E. L. J.  Orgonomet. Chem. 
1987,333,105. (c) Jambsen, E. N.; Goldberg, K. 1.; Bergman, R. G. J .  
Am. Chem. SOC. 1988,110,3706. (d) Hostetler, M. J.; Bergman, R. G. 
J. Am. Chem. Soc. 1990,112,8621. 

(20) Data for 31P[1H} NMR (CDzClz, -60 OC) 6 -8.87 (m), -16.0 (m); 
'H NMR (CD2C12, -60 "C) 8 4.59 (m, 4 H), 0.38 (t, 3 H); 13C(1H) NMR 
(CDzClZ, -60 "C) 6 194.19 (be, 2 C), 182.93 (t,.2 C). 

(21) McDonald, R.; Sutherland, B. R.; Cowe, M. Znorg. Chem. 1987, 
26,3333. 

(22) Data for 11 (lqht yellow solution): 31P(1H) NMR (CDZClz, -40 OC) 
6-9.6 (m), -25.5 (m); H NMR (CDzCl2, -40 "C) 6 4.61 (be, 4 H), 0.63 (a, 
3 H); lSC(lH) NMR (CDzC12, room temperature) 6 226.14 (t, 1 C), 195.57 
(be, 2 C), 179.9 (t, 2 C); IR (CHzClz) u(C0) 2049, 1959, 1622 cm-'. 

11 

surprising that substitution of one CO by C2H4 has readtad 
in hydride migration to the methylene group; thus, al- 
though compounds 8 and 12 are isoelectronic, the former 
is a hydrido-methylene complex, whereas 12 is a methyl 
species. An interesting difference between 12 and its 
mixed-metal Rh/Ir analogue 6 is that in 12 the carbonyls 
are attached to the metal bearing the methyl group, 
whereas in 6 the carbonyls and ethylene ligands are atta- 
ched to the same metal. As such, compound 12 actually 
resembles the Rh/Ir methyl complex 2, having the methyl 
group on the saturated metal. 

The facile and reversible hydride migration to the 
methylene group to give a methyl ligand, as observed upon 
CO addition, is not obeerved upon addition of phosphines. 
Instead, the phosphine-substitution products [Ir2H- 
(CO)2(P~)01-CH2)(d~~m),l  [CF3SOd (R = Me (13a), Ph 
(13b)) are ~btained.~' It is interesting to note that the 
dimetalated methylene protons of 13a and 13b resonate 
at even higher field than in 8 (6 3.06 (Ma), 3.71 (13b)). In 
addition, 13a differs from 8 in that no exchange between 
the hydride ligand and the methylene protons is observed 
at 20 OC (by spin-saturation-transfer experiments). This 
trend is in line with the expectad stabilization of the ox- 
idative-addition product (the hydrido-methylene species) 
by the more electron-donating PMQ group. Although the 
reactions of 8 with phoephines differ from those involving 
CO and C2H1 (see Scheme 111, it is suggested that all 
proceed through the same coordinatively unsaturated 
methyl intermediate formed in the facile and reversible 

w& not done a& 13b 6 alwaG conthnated with ca. 20% &&ing 
material, 8. 
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hydrido-methylene-to-methyl transformation that was 
noted earlier for compound 8. These 'RhIr" and "IrZ" 
systems described offer a unique opportunity for the in- 
vestigation of the stepwise transformations involved in the 
activation of an aUryl C-H bond by an adjacent metal. By 
varying the ancillary ligands, it should be possible to 'fine 
tune" the electron density at the metals such that the 
transformation from terminal methyl to bridged methyl 
to hydrido-methylene species can be effected. 

Binuclear complexes in which facile and reversible 
methyl-to-hydrido-methylene interconversions occur in the 
presence of unsaturated substrates, such as ethylene, are 
of obvious importance in studies involving the coupling 
of organic substrates. Such coupling may occur via alkyl 
migration to the olefin ligandF5 by insertion of the olefin 

into a bridging methylene group,% or by olefin insertion 
into the metal-hydride bond to give a methylene-bridged 
alkyl complex,lSd which may then undergo coupling of the 
alkyl and methylene moieties. It is hoped that future 
studies on these systems will yield information about these 
important processes. 

Acknowledgment. We thank the Natural Sciences and 
Engineering Research Council of Canada and the Univ- 
ersity of Alberta for support of this research. 
Registry No. 1, 126501-61-9; 2,143171-99-7; 3,143172-00-3; 

4, 143172-02-5; 5, 143172-04-7; 6, 143172-06-9; 7,97487-41-7; 8, 
143172-08-1; 9,143172-10-5; 10,143172-11-6; 11,143172-13-8; 12, 
143172-15-0; 13a, 143172-17-2; 13b, 143172-19-4. 

0 M 9 2 0 2 6 4 X 

(25) See for example: (a) Flood, T. C.; Bitler, S. P. J. Am. Chem. SOC. 
1984, lW, 8076. (b) Watson, P. L. J. Am. Chem. SOC. 1982,104,337. (c) 
Evitt, E. R.; Berg", R. G. J .  Am. Chem. SOC. 1979, 101, 3973. 

(26) (a) Summer, C. E., Jr.; Riley, P. E.; Davis, R E.; Pettit, R J. Am. 
Chem. SOC. 1980,102,1752. (b) Motyl, K. M.; Norton, J. R.; Schauer, 
C. K.; Anderson, 0. P. J.  Am. Chem. SOC. 1982,104, 7325. 

Tailored Synthesis of Hydrocarbon Chains via C-C Coupling Reactions of 
Diynes and Alkynes on the Square Face of an Ru,P Cluster 

John F. Corrigan, Simon Doherty, Nicholas J. Taylor, and Amur J. C a w *  
e W a t e n k 0  CenW for ceaduete Wovk in #m&try, Watenbo &?pus, 

Dspartnaent of Chemistty, University of W a t w h ,  Waterkw, On&&, Cam& N2L 3Q1 
ReCeivedMay 11, 1002 

sulnmery: The mixed -l-malngrq duster 
Ru~(~,-PP~)(CO)~, (1) trknerlres dlynes and codimerlzes 
alkynes and dlynes to form novel 12- and 8-carbon-atom 
hydracarbyls. The X-ray structures of Ru~(CO)&~- 
R) [ql: rl :4:rl24"-mM4+"G 

(P):q l(c): q2( C )P( ph)c(mPh)c( Ph)] (8) are reported. 

Carbon-carbon bond-forming reactions in di-' and 
polynucled clwtera are of considerable current interest 
becaw of their potential for generating new and unusual 
types of linked hydrocarbon rings and chains. Such re- 
actione may also serve as models for related processes 
occurring on metal surfaces., Although there are many 
examples of novel reactivity patterns for alkynes coordi- 
nated in a multisite fashion at polynuclear metal centers, 
there are surprisingly few rem& of diyne oligomerization 
at a cluster surface.*' An example of the synthesis of a 

("11 (2) and RU4(CO)1001'C0)2[~4-r11(P):q1(P):q1- 

(1) (a) Yanez, R.; Lugan, N.; Mathieu, R. Organometallics 1990, 9, 
2998. (b) Knox, S. A. R.; Stanafield, R. F. D.; Stone, F. G. A.; Winter, 
M. J.; Woodward, P. J.  Chem. SOC., Dalton Trans. 1982,173. 

(2) (a) King, R. B.; Eavewn,  C. W. J.  Organomet. Chem. 1972,42, 
C95. (b) A h ,  R. D.; Babm, J. E.; Tad. M.; Wang, J. G. Organo- 
metalks  loSa7,755. (e) Heineke, D.; V a h " p ,  H. Organometallics 
ISSO, 9,1697. Jd) Riaz, U.; Curtie, M. D.; Rheingold, A; Haggerty, B. S. 
Organometallics 1980,9,2&47. (e) King, R. B.; Efraty, A J. Am. Chem. 
SOC. 1970,92,6071. (0 King, R. B.; Haiduc, I. J.  Am. Chem. SOC. 1972, 
94,4?44. (e) King, B. B.; Efraty, A. J. Am. Chem. SOC. 1972,94,3021. 
(h) Kmg, R. B.; Haiduc, I.; Eaveneon, C. W. J.  Am. Chem. SOC. 1973,95, 
2508. 

(3) (a) Muettertiea, E. L.; Rlmdin, T. N.; Band, E.; Brucker, C. F.; 
Pretzer, W. R. Chem. Rev. 1979, 79,Ql. (b) Muettartiea, E. L. Angew. 
Chem., Int. Ed. Engl. 1978,17,545. (c) Evane, J. Chem. SOC. Rev. 1981, 
159. 

(4) (a) Raithby, P. R.; Roeales, M. J. Adu. Inorg. Chem. Radiochem. 
198429,169. (b) Sappa, E.; Tiripicchio, A.; Braunstein, P. Chem. Rev. 
1983,83, 203. 
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diyne from an acetylide precursor has recently been de- 
~cribed.~ In this communication we report two new re- 
sults: (i) the unprecedented coupling of three diynes to 
produce a 12-carbon hydrocarbyl fragment and (ii) the 
cocoupling of diynes and alkynes to afford novel co- 
oligomers with variable hydrocarbon chain lengths. While 
coupling of alkynes with p3 or group 15 and 16 cluster 
stabilizing atoms to give novel MnXC2 (X = S, P, N) 
metallacycles is well established? we are unaware of any 
examples of diyne or diyne-yne oligomerization via the 
intermediacy of &-+- 11 (M2P) yne coordination and P-C 
bond making and breaking on a phoephinidene cluster. 

We have investigated the reactivity of the 62-electron 
butterfly or nido cluster RU,(CO)&~-PP~)~ (1) toward 
a variety of diyne ligands and observed facile P-C bond 
formation/cleavage reactions and framework rearrange- 
menta in which the phosphorus atom appears to adopt the 
role of a skeletal atom. Thus, a solution of 1 in n-hexane 
(maintained at 60 "C) reacts with 1,4diphenylbutadiyne 
(5 mol equiv) to yield the novel clusters 2 (60%) and 3 
(30%). Both 28 and 39 have been fully characterized by 

(5) Bobbie, B. J.; Taylor, N. J.; Carty, A. J. J.  Chem. SOC., Chem. 
Commun. 1991,1511. 

(6) (a) Knoll, IL; Orama, 0.; Huttner, H. Angew. Chem., Int. Ed. Engl. 
1984,23,976. (b) A h ,  FL D.; Wang, S. Organometallics 1984,4,1902. 
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