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metal center, followed by loss of an olefin, has been obtained 
in pheny!tungsten trichloride-aluminum chloride mixtures.21 

The results reported here confirm that each of these reactions 
can provide metal carbene complexes. 

Several metal carbenes have been suggested as active cat­
alytic species in solution, among these (CO)4WCPh222 

and (CO) 4 ReCHCH 2 CH 3
+ . 2 3 It was expected that 

(CO) 4 MnCH 2
+ would exhibit similar chemistry, but the ac­

tivated complex formed in its reaction with olefins only loses 
CO. 

Olefin homologation processes (e.g. reaction 10) are docu­
mented for (775-C5H5)2TiCH2AlCl(CH3)2

3a and several tan­
talum alkylidenes,3b as well as being observed in systems cat­
alyzing the metathesis reaction.5 The results reported here 
show that the carbene complex MnCH 2

+ undergoes competing 
metathesis and homologation reactions. 

The present results include the first experimental determi­
nations of metal-carbene bond dissociation energies. Important 
points are that (a) metal-methylene bond energies are ex­
tremely strong and (b) the Mn+-methylene bond energy is 
decreased substantially on addition of five carbonyls to the 
metal center.24 There is no obvious requirement that an ef­
fective metathesis catalyst possess a strong metal-carbene 
bond. However, if the metal-carbene bond energy exceeds 100 
kcal/mol, then transfer of the carbene to an olefin to give a 
cyclopropane or new olefin will be endothermic and thus will 
not compete with the metathesis reaction. In order to avoid low 
turnover numbers resulting from consumption of carbene in­
termediates, strong metal-carbene bonds are a desirable fea­
ture of practical metathesis catalysts. 

We are continuing to explore the effects of a variety of Ii-
gands on metal-carbene bond strengths, as well as periodic 
trends in reactivities and thermochemistry of these species. 
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Dihydrogen Reduction of Isocyanides Promoted 
by Permethylzirconocene Dihydride. A Modeling Study 
of Carbon Monoxide Reduction 

Sir: 

We have reported the stoichiometric reduction of carbon 
monoxide by (775-C5Mes)2ZrH2 (1) leads to trans-[(-n5-
C5MeS)2ZrH]2(M-OCH=CHO) (4) or (775-C5Me5)2Zr(H)-
(OCH3) (5), depending on the reaction conditions (Scheme 
I).'-2 The proposed key intermediate, (775-C5Mes)2Zr(H)-
(??2-CHO) (3), generated by migratory insertion of CO into 
a Zr—H bond, was postulated to exhibit an oxy-carbenoid 
reactivity undergoing dimerization (3 -» 4) or insertion into 
a Zr—H bond of 1 eventually leading to 5.2 In light of recent 
results3 which indicate that formyl complexes of transition 
metals from groups 7 and 8 spontaneously decompose in most 
cases to the corresponding carbonyl hydrides, one might 
question whether the rearrangement of 2 to 3 is thermody-
namically accessible even with a substantial Zr-O interaction 
for 3.4 In addition, our findings that 1 is capable of the facile 
reduction of coordinated carbon monoxide to "zirconoxy" 
carbenes5 suggest an alternative mechanism for the generation 

Scheme I 

Cp*2ZrH2+CO ^ = S t Cp*2 Z r -CO 
C 

Cp*2 Z r ^ b 

1 

trons-(Cp* ZrH) ; (u-QCH =CHO) Cp*Z< 
L ' ^ H 
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r X H 2 O - Z r C p * 1 

H J 

H2 

Cp* ZrH 2 + Cp* Z 
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of 4 and/or 5 from 2 (Scheme II). This pathway avoids the 
need for an intramolecular rearrangement of 2 —*• 3, and, 
furthermore, each step of this alternative mechanism is prec-
edented by analogous steps previously observed in the reactions 
of zirconium hydrides.2-5'6 

The issue, therefore, centers around the question of intra-
molecular migratory insertion of CO into a Zr—H bond for 
the carbonyl adduct 2. Since migratory insertion of isocyanides, 
which are isoelectronic with CO, into Ru—H, Os—H, and 
Pt—H bonds has been demonstrated,7 it appears necessary to 
establish whether or not this process could be observed for 
1. 

Methyl isocyanide does indeed react rapidly with 1 at —65 
0C to afford directly the formimidoyl hydride derivative 

C5MeS)2Zr(H)(CH=NCH3)8 (10) (eq 1) in-90% yield (n 

(rj5-C5Me5)2ZrH2 + CH5NsC 

H 
I 

-( i) !-C5Me s)2Zr N - C H 

\ 
(1) 

H 

(N MR). Although the stability of 10 was not sufficient to allow 
its full characterization, 1H NMR and IR data indicate the 
m-formimidoyl structure shown in eq 1. The more stable iodo 
derivative 11 was obtained by treatment of 10 with excess 
methyl iodide at 25 0C. Concurrent with its formation is the 
evolution of 0.92 mol of CH4/mol of 10 (eq 2). Analytical, ' H 

H 
I 

/ (i)5-C,Me,),Zr N - C H , + CH,I 

10 
NH H 

(i) s-C sMe5)2Zr N - C H , + CH, 

11 N 

(2) 

NMR, and IR data9 are indicative of a structure for 11 com­
pletely analogous to 10. 

Warming a solution of 10 under H2 (1 atm) from —80 0C 
to room temperature results in absorption of 0.73 mol of 
H2/mol of 10. (^-C5MeS)2Zr(H)(NMe2) (12)10 may be re­
covered by sublimation of the residue in 72% yield (eq 3). 

H 
I 

(i) -C s Me 5 ) 2 Zr N - C H , + H2 -
X H 

10 
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°note 12, no1el3. Cnotel4. note!5. 'note 16. note 17. 

Treatment of 12 with excess methyl iodide yields (??5-
C5Mes)2Zr(I)(NMe2) (13)" in good yield concurrent with 
evolution of 0.89 mol of CH4/mol of 12 (eq 4). 

(u s-C5Me s)2Zr + CH,I 

N - C H , 
12 ' 
~ CH, 

/ I 
(T)!-CsMes)2Zr + CH, (41 

X N - C H , 
I 

CH, 13 

The reactions of 2,6-dimethylphenyl isocyanide with 1 
parallel those of methyl isocyanide (Scheme III), although here 
the formimidoyl hydride derivative12 rearranges spontaneously 
at room temperature to the methylene imine adduct 16,14 

which could be isolated from hexane as a brown microcrys-
talline material in ~80% yield. When solutions of 16 were 
warmed to 65 0C, a quantitative conversion (NMR) into the 
zirconacycle 1917 was observed. Apparently the propensity for 
permethylzirconcene derivatives to insert into ligand C—H 
bonds provides a rather facile pathway to this isomer with the 
less strained five-membered ring.18 Interestingly, the isom-
crization of 16 to 19 is catalyzed by H2: by monitoring the 
reaction by 1H NMR spectrometry, a clean conversion of 16 
into 19 is observed to proceed readily under 1 atm of H2 at 25 
0C. Whereas no net H2 evolution or uptake occurs in this 
process, the catalysis appears to involve the amido hydride 17, 
as would be expected by analogy to the reactivity of methyl 
formimidoyl hydride complex 10 with H2. Thus by carrying 
out the reaction of 16 with H2 (1 atm) in the presence of CHjI, 
intermediate 17 is trapped as the iodo derivative; concurrently, 
H2 (0.91 mol/mol of 16) is absorbed, and CH4(1.00 mol/mol 
of 16) is evolved (eq 5). 

,-CH2 

( i(5-C,Me s)2Zr' | + H2 + CH,I 

N 
16 

The reactivity observed for isocyanides with 1 are clearly 
similar to that for CO. Furthermore, 2,6-dimethylphenyl 



6452 Journal of the American Chemical Society / 101:21 / October 10, 1979 

isocyanide appears to serve as a viable substitute for carbon 
monoxide in the displacement of dinitrogen from [(TJ5-
C5MeS)2ZrN2]2N2, affording the green, microcrystalline 
adduct (775-C5Me5)2Zr(C=NC8H9)2 (2O)19 in 85% isolated 
yield (eq 6), and in its facile insertion into Zr—C bonds of 

[(ij'-CsMes)2ZrN2]2N2 + 4 C= 

2(7,'-C1Me5J2Zr(C = N - ( O / >• + 3 N i 

(r/5-C5Me5)2Zr(CH3)2 leading in >95% yield (NMR) to the 
acetimidoyl methyl complex 21 2 0 (eq 7). 

(7i!-CsMes)jZr(CH,)2 +C=N 

( I l 

Direct observation of the formimidoyl hydride species !O 
and 14, undoubtedly formed by facile migratory insertion of 
isocyanide into a Zr—H bond of the unstable adduct (rj5-
C 5Me 5)2ZrH2(C=NR), is supportive of earlier proposals of 
the analogous intramolecular migratory insertion of CO for 
2. It should be emphasized, however, that similar reactivity has 
been observed with isocyanides but not with carbon monoxide 
for ruthenium, osmium, and platinum complex hydrides, so 
that our findings are more appropriately viewed as necessary 
but insufficient evidence for Scheme I. Furthermore, an alkyl 
substituent on the nitrogen atom of coordinated isocyanides 
would clearly disfavor the bimolecular hydride transfer step 
analogous to that for ligated CO in Scheme II owing to steric 
crowding. 

The close structural similarities of the formimidoyl hy­
drides,21 methylene imine complex 16, and amide hydrides to 
some proposed intermediates and products obtained from 
(Tf-C5MeS)2ZrH2 and (??5-C5Mes)2Zr(H)(CH2CHMe2) with 
carbon monoxide are nonetheless in line with earlier sugges­
tions.1'2 
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Methylides from Trimethylsilylmethylsulfonium, 
-ammonium, -immonium, and -phosphonium Salts 

Sir: 

Fluoride ion induced cleavage of carbon-silicon bonds has 
become a useful tool for the generation of nucleophilic carbon 
species.1 To date, there is little evidence to determine which 
of the resulting nucleophiles are true carbanions and which are 
best described as anionic fluoride adducts"3 of the starting 
silane. However, it seems reasonable to assume that sufficiently 
stabilized carbanions would exist in solution independently of 
the fiuorosilane fragment. In this paper, we report that cesium 
fluoride induced desilyation occurs readily with a variety of 
systems (CHj)3SiCH2X where X = positively charged sulfur, 
nitrogen, or phosphorus. The resulting reactive intermediates 
undergo characteristic reactions of sulfur, nitrogen, and 
phosphorus ylides. 

An acceptable route to the required phosphonium salts is 
already available from ICH2SiMe3 and the phosphine.2 

However, the analogous reaction of simple amines requires 
drastic conditions (100-150 °C, several days' reaction time)3'2a 

and alkylation of sulfides fails totally.2a We have found that 
the corresponding triflate 1 (CF3SO3CH2SiMe3 , from HO-
CH2SiMe3 and triflic anhydride/pyridine)4 is far superior in 
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