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atoms in tetramesityldisilene are moderately anti-pyram- 
iddized.'s It seems that the planarity of disilene franie- 
works is sensitive to substitution. 
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Summary: Treatment of HRu,(CO),~(COM~) with LiHBEt, 
at -78 OC forms a formyl species, which above -60 OC 
decomposes into a mixture of [ H,Ru,(CO),(COMe)-] and 
[HRu,(CO)~~(CHOM~)-]. Low-temperature extraction of 
this mixture provides HRU,(CO),~(CH), which rearranges 
readily ( t i / ,  = 9 min at -12 "C) into H,Ru,(CO),(CCO). 
The latter complex appears analogous to H,Os,(CO)&- 
CO). 

Recent results have focused attention on the connection 
between methylidyne (=CH) and carbonylmethylidyne 
(=CCO) ligands. Thus, HOS~(CO)~~(CH) '  rearranges 
thermally into H20s3(CO)g(CC0)2 and [Fe3(CO)g(CCO)2-] 
gives [Fe,(CO),,(CH)-] upon pr~tonat ion.~ HOS,(CO)~~- 
(CH)' was prepared by a hydride addition/protonation 
sequence from HOS~(CO)~~(COM~).  We wish to describe 
aspects of analogous work with HRU,(CO)~~(COM~), which 
results in the synthesis of HRU,(CO)~~(CH) and allows 
observation of its facile transformation into H2Ru3(C- 

Treatment of HRU,(CO)~~(COM~) with LiHBEt3 or 
KHB(0-i-Pr), in THF a t  -78 "C appears to form the 
formyl complex [HRu,(CO),(COMe)(CHO)-] ('H NMR 6 
-12.2 (1 H), 14.1 (1 H)). This species is stable indefinitely 
below -60 "C (no change after 20 h at  -65 "C), but above 

O),(CCO). 
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Scheme I 
H 

-60 "C both decarbonylation to give [H2Ru3(CO),(COMe)-] 
(6 -17.2 (8 ,  2 H)) and hydride transfer to give [HRu3- 
(CO),,(CHOMe)-] (6 -12.5 (1 H), 8.4 (1 H)) occur con- 
comitantly. The yield of [HRU~(CO)~~(CHOM~)-]  is 
maximized (55% by NMR) by maintaining the mixture 
a t  <-40 OC for an extended period (up to 160 h). Evap- 
orating the THF and adding dry ether to the dark red 
residue (maintaining a low temperature) provides an or- 
ange solution and an immiscible red oil. The latter is 
mostly [H,Ru,(CO),(COMe)-] together with [HRu3- 
(CO)lo(CHOMe)-], and addition of HBF4.Et20 gives an 
inseparable mixture of HRu3(C0),,(CH) and H3Ru3- 
(CO)g(COMe).4 However, evaporation of the orange ether 
solution (-30 "C) provides essentially pure HRu3(CO),,- 
(CH) as an orange-yellow solid, which has been charac- 
terized spectroscopically.6 

The methylidyne proton NMR resonance for HRu3(C- 
O),,(CH) occurs a t  6 12.64, which is upfield of that for 
HOS~(CO)~~(CH) (6 14.16)' but comparable with that for 
[Fe,(CO),,(CH)-] (6 12.24).3 The infrared spectrum of 
HRU~(CO)~,(CH) shows a band at  1902 cm-', which indi- 
cates the presence of a weakly bridging carbonyl and points 
to an essentially symmetric, triply bridging position for the 
methylidyne ligand. Such a symmetric, triply bridging 
structure has been postulated for HFe3(CO)lo(CCH3)6 and 
established for HRu3(CO),( 1,3-C,H8)(COMe);' the infrared 
spectrum in each case also exhibits a low-frequency band 
near 1900 cm-'. The methylidyne ligand in H O S ~ ( C O ) ~ ~ -  
(CH) is "semi" triply bridging, and the compound reacts 
readily at -60 "C with 1 equiv of 4-methylpyridine to yield 
HOs3(CO)IO(CHNC5H4CH3).1 In contrast, HRU,(CO)~,(C- 
H) does not react with even large excesses of 4-methyl- 
pyridine or similar nucleophiles. 

Near 0 OC HRU,(CO)~,(CH) rearranges rapidly to H2- 
Ru~(CO),(CCO).~ The half-life a t  -12 OC is 9 min, k = 
1.3 X s-' or AG*261 = 19.5 kcal/mol. The analogous 
HOS~(CO)~~(CH) to H20s3(CO)9(CCO) rearrangement has 
AG*333 = 26 k~a l /mol .~  Scheme I illustrates an inter- 
mediate for the transformation [Ru-CO; =CHI - [Ru-H; 
=CCO], in which both migrating ligands (H and CO) are 
bridged between carbon and ruthenium. An analogous 
pathway can be proposed for the osmium system, which 
in addition would explain why neither HOS~(CO),~- 
(CSiMe3)loa nor HOs3(CO)lo(CPh)'ob shows any tendency 
to couple intramolecularly with a CO ligand. Furthermore, 
a closely similar intermediate could be the first species 
formed in the protonation of [Fe3(CO)g(CC0)2-]3b (pro- 
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2000 (w), 1965 (vw) cm-'; 'H NMR (CDC13) 6 -18.08 (8 ) .  Anal. Calcd for 
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tonation of one Fe-C bond causes the CO moiety to move 
to more fully bridging the adjacent F e C  bond), after 
which operation of the migrations in reverse gives [Fea- - - - ”  

(CO)lo(CH)-].ll 
The H,Ru,(CO),(CCO) Droton NMR resonance remains 

a sharp bnde t  ddwn to-:80 OC, indicating a symmetric 
structure. The infrared spectrum is closely similar to that 
of H20s3(CO)g(CCO) and contains no low-frequency bands 
to indicate bridging carbonyls. Thus, H2Ru3(CO)g(CCO) 
is very likely isostructural with ita osmium analogue.% It 
also reacts analogously.2b Addition of HBF4.Et20 to a 
dichloromethane solution of H2Ru3(CO)&CO) forms a 
white precipitate, presumably [H3Ru3(C0),(CCO)+], which 
dissolves upon addition of MeOH or H20. Subsequent 
workup provides H ,RU~(CO)~(CCO~CH~)~  or H3Ru3(C- 
0)9(CC02H),12 respectively. 

Further studies with these and related organotri- 
ruthenium compounds are in progress. 

(11) Protonation of [Fe3(CO)&CO)2-] with a stron acid (CF3S03H) 

rearrangement to H2FeS(CO)&CO) was noted. 
(12) H3Ru3(CO)@(CC02H): FI mas8 spectrum (“Ru), m/z  618 (Mt); 

IR (C.H.,) unn 2090 (a). 2040 (8) .  2031 (m. ah). 1685 (w) cm-’: ‘H NMR 

was c h e d  to give HFe3(CO)lo(CH) (6 -20.52,12.16). f No evidence for 

. - “ ~ ~ I 1 ,  ”” ~~~ ~ ~ ~ , ,  ~ ~ 
~~. 

(CDC13, -40 “C) 6 -17.81 (s,‘3’ H), 9.44 (s,”l H). . Anal. ‘Calcd for 
Ru3C11H4011: C, 21.46; H, 0.65. Found C, 21.39; H, 0.66. 
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The first quarter of Volume 6 (Chapter 37 by P. W. Jolly) is 
essentially a descriptive treatment of the synthesis, structure, and 
reactions of organonickel complexes. Since 1974, when Jolly and 
Wilke published “The Organic Chemistry of Nickel”, the growth 
in this area, in the author’s words, “has been more in girth than 
in stature”. As a result, the format of Chapter 37 is largely the 
same as the format in “The Organic Chemistry of Nickel”; 
Chapters 37.2 and 37.3 on nickel tetracarbonyl and Lewis base 
substituted nickel carbonyl complexes, respectively, are followed 
by chapters on nickel hydride, alkyl, aryl, q3-allyl, cyclobutadiene, 
cyclopentadienyl, and arene complexes. The vast majority of 
references are from later than 1973, making Chapter 37 an in- 
dispensable, exhaustive addendum to “The Organic Chemistry 
of Nickel”. Chapters covering the use of organonickel compounds 
as stoichiometric reagents in organic synthesis or as catalysta are 
found in Chapter 56 of Volume 8 in this series. 

Chapter 38 concerns the organometallic chemistry of palladium. 
Ita nine parts are all written by P. M. Maitlis, P. Espinet, and 
M. J. H. Russell. In the Introduction (38.1) the authors do not 
state to what extent this review overlaps Maitlis’ “The Organic 
Chemistry of Palladium” published in 1971, but it seems clear 
that the overlap between this article and the book is more ex- 
tensive than it is in the case of nickel above. The format is largely 
the same as it is in ”The Organic Chemistry of Palladium” with 
sections on complexes of palladium(O), palladium(I), and cluster 
complexes, compounds with palladium-carbon u bonds, mono- 
olefii and acetylene complexes of palladium, diene complexes of 
palladium, allylic complexes of palladium(II), cyclopentadienyl 
and arene complexes of palladium(II), and palladium complexes 
derived from reactions with acetylenes. The use of organo- 
palladium compounds in organic synthesis and catalysis is covered 
in Chapter 57 of Volume 8; the overlap between Chapter 57 and 
Chapter 38 is minimal. 

Chapter 39, “Platinum”, is written by F. R. Hartley. In contrast 
to Chapters 37 and 38, all the (- 1700) references in Chapter 39 
are gathered at the end of the chapter. One advantage is that 
duplication of references in different sections is thereby avoided. 
Approximately half the references are post-1973, the year the 
author published “The Chemistry of Palladium and Platinum”. 

The 250-page chapter includes sections on carbonyl, isocyanide, 
carbene, ylide, alkyl, olefin, acetylene, and T-allyl complexes, as 
well as a section on CH bond activation, and short sections on 
complexes containing x-bonded rings (x = 4-8). 

The next four chapters are devoted to complexes in which the 
transition metal is bonded to a different transition metal or a 
main-group metal. 

Chapter 40 (by D. A. Roberts and G. L. Geoffroy) concerns 
compounds containing bonds between different transition metals. 
The chapter is organized into three sections-synthesis, char- 
acterization, and reactivity. A 50-page comprehensive list of 
heteronuclear metal-metal bond compounds is provided. There 
are 245 references. Curiously, references for the comprehensive 
list and tables are each listed separately from the references for 
the text, a practice that necessarily encourages duplication. The 
topic of heteronuclear transition-metal bonds is a difficult one 
to review at this stage, since there is relatively little detailed 
understanding of the formation or reactions of such species, in 
contrast to a wealth of structural studies. This contribution is 
a worthwhile effort to organize the diverse findings in this de- 
veloping area. 

The two chapters on compounds containing a bond between 
a transition metal and a group 3B element are written by K. B. 
Gilbert, S. K. Boocock, and S. G. Shore (41.1; Boron) and S. K. 
Boocock and S. G. Shore (41.2; Al, Ga, In, Tl). Chapter 41.1 
emphasizes borohydride derivatives. It complements nicely parts 
of Chapter 5.3 in Volume 1 (Boron Ring Systems as Ligands to 
Metals) and Chapter 5.5 (Metallacarboranea and Metallaboranes). 
Much of the material in the chapter on Al, Ga, In, and T1 is 
brought together here for the first time. The emphasis in each 
chapter is on synthesis. Discussion of structural details and 
mechanisms is kept to a minimum. 

The last two chapters deal with transition metal-M bonds 
where M is mercury, cadmium, zinc, or magnesium (42 by J. M. 
Burlitch) or silicon, germanium, tin, or lead (43 by K. M. Mackay 
and B. K. Nicholson). They both update earlier reviews as well 
as add a large amount of new material. There is some repetition 
as to the type of compound that has been prepared (often a metal 
carbonyl-M complex) but there are also many exotic animals here 
that pique one’s curiosity. Reviews of the more well-developed 
areas (e.g., transition metal-Si bonds) are thorough and well 
organized. 

All in all, Volume 6 is a valuable component of the series. As 
with most other volumes, this one is intended for the specialist. 
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