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In the past year we have completed our studies of the halide-promoted carbonylation of imido

ligands, extended our explorations of Cp(CO)(L)Mn-X complexes which possess highly reactive

acetylide, vinylidene, carbyne, and vinylcarbyne ligands, and have briefly investigated the •

formation of bimetallic complexes using anionic carbene complexes. These studies are briefly

summarized in the following paragraphs.

I. Halide-promoted Carbonylation of Imido Ligands. We have extended our understanding

of how halides promote the carbonylation of imido ligands on Ru3 clusters my moving to the

isoelectronic Os 3 clusters to exploit the fact that intermediate species should be more stable for

the 3rd row metals than for the 2nd. This has indeed been the case, and we have found that

halides react with Os3(g3-NPh)(CO)lo to form isomeric halide-substituted clusters [PPN][Os 3-

(g3-NPh)(X)(CO)9]. For X=C1, the product has a bridging chloride ligand (crystallographically

characterized) whereas for X=I, the cluster possesses a terminal iodide. Both isomers ,are formed

in the X=Br case. These clusters undergo slow carbonylation to form first the cluster

[Os3(I.t3-PhNCO)(I.t-X)(CO)9 ]- which has a triply-bridging PhN=C=O ligand. This species then

absorbs another CO to form [Os3(g2-PhNCO)(I.t-X)(CO)lo]- with a doubly-bridging isocyanate

ligand. Both of these species have been spectroscopically characterized, and the latter compound

undergoes both alkylation and protonation to form clusters of the form Os3(I.t2-PhNCOR)(g-X)-

(CO)10 with a doubly bridging PhN-COR ligand.
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II. Addition and Cycloaddition Reactions with the Nucleophilic Acetylide Complex
b

[Cp(CO ) (PP h3)M n-C-C CI 13L

Our research in this area has focussed on understanding the mechanism by which the unusual

acetylide complex [Cp(CO)(PPh3)Mn-C=CCH3] - I(_Dundergoes cycloaddition with epoxides,

oxetanes, and other organic substrates, and we have extended our reactivity studies of 1 to ketones

and aldehydes. Detailed _mechanistic studies now indicated that the epoxide and oxetane

reactions are similar, and the mechanism for the epoxide reaction is sketched in Scheme I. The
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vinylidene intermediate 2_has been observed spectroscopically and carbyne complex 3 has been

isolated, characterized, and upon standing in solution observed to undergo ring closure to give the

cyclic carbene complex 4. This mechanism indicates that the high stereocontrol of the reaction
i

J occurs in the protonation of vinylidene complex 2, and we are in the process of analyzing why

i only the RR,SS diastereomer is formed in this process.

I

Vinylcarbyne complexes (5, Scheme II) are the surprising products of the reaction of

acetylide complex 1_with a variety of aldehydes and ketones, and mechanistic studies indicate that

the reactions proceed via the path shown in the scheme. These reactions represent deoxygenation

of the ketone and aldehyde and formal addition of a "CR29-+''unit to the I>carbon of the acetylide

• ligand. The vinylcarbyne complexes represent a new family of compounds, and as outlined in the



. SCHEME II ([Mn]* = Cp(CO)(PPh3)Mn)
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next section we have begun to explore their reactivity properties.

A full paper describing these various results is in the final draft stages and will be submitted

for publication in September.

III. Vinylcarbyne Addition Reactions. The chemistry of vinylcarbyne complexes has never

been explored, mainly because of the absence of members of this class of compounds, but yet

such compounds should have rich reactivity properties because of the conjugated and unsaturated

organic ligand. We have begun an exploration of the properties of these compounds, and thus far

have found that they undergo a series of addition reactions to form carbene and/or vinylidene

complexes, depending on the size of the entering nucleophile, Scheme III (next page).

IV. Cycloaddition Reactions with the Vinylidene Complexes Co(CO)2M=C=CII2

(M=Mn,Re).

We have discovered that the methylcarbyne complexes'[Cp(CO)2M-C-CH3] . (M=Mn,Re) readily

deprotonate when treated with weak bases, and even upon dissolution in wet THF (!), to form the

neutral vinylidene comp!exes Cp(CO)2M=C=CH 2. These latter complexes are unstable above

i[ 0°C, and we have shown that they decay to give the known (for M=Mn) binuclear complexes



• " SCIIEME III ([Mn]* = Cp(CO)(PPh3)Mn )
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Nucleophile Overall Yield Vinylidene Carbene

LiA1H4* - - - 0% 100%

MeMgI 76% 26% 74%

EtMgC1 48% 65% 35%

priMgC1 67% 100% 0%

*Product not isolated, yields based on spectroscopic data (IR)

[Cp(CO)2M]2(g-C=CH2). More interestingly, we have found that the compounds undergo

cycloaddition with imines, carbodiimides, and azines to give a variety of new reactions and

products, Scheme IV. With imines, net [2+2] cycloaddition of the imine C=N bond across the

vinylidene C=C bond occurs to form the cyclic carbene complexes 6_.The initial step in the

reaction with ButN=C=NBu t is similar, but the cyclic carbene complex undergoes a retro

cycloaddition to yield the ketenimine CH2=C=NBu t and the known isocyanide complex 7. With

benzalazine, consecutive [3+2] cycloadditions occur to give the unusual complex 8. These

vinylidene complexes are obviously highly reactive compounds, and we intend to continue

exploring their chemistry in the coming year.

V. Cycloaddition Behavior of the Carbyne Complex [Cp(CO)2Re-CTol| .. We have

• extended our earlier studies of the cycloaddition of [Cp(CO)2Re---_CTol]+ with imines and nitroso

f! compounds to a similar reaction with ci_!_s-azobenzene, Scheme V. The initially formed
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. SCIIEME IV [M] = Cp(CO)2M (M = Mn, Re)
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. . four-membered metallacyclic complex 9 extracts a halide from tile BCl 4 anion and inserts one of

the CO ligands into the ring to form the five-membered metallacycle 1(__).A similar reaction

occurs with PPh3 and the BPh4 salt of complex 9 to form 10. A most surprising reaction occurs

upon addition of chloride to complex 9, eq. 1. The product of this reaction has been

"----1
Tol ] X Tol

/ t '.

CH2CI2
Re N _ R + [PPN]Cl ,_ 0 (2

,,/] _N / 2 hr, 22°C (1)oc c
O R

R'
_9 12

R=Ph, Tol R'=H, CH 3

crystallographically characterized and shown to have a coordinated chloride ligand and to have
a

lost a "NPh" unit, but as yet we are unable to explain the mechanism by which it fomas.

VI. Formation of Bimetallic Complexes Using Carbene Anions as Nucleophiles. Finally,

we have briefly explored the nucleophilic character of the carbcne anion

(CO)5Cr=C(OMe)CH2Li +, and specifically its ability to add to electrophilic ligands on other

metals. The most notable success is the addition of this complex to the coordinated olefin in

[Cp(CO)2Fe(olefin)] + complexes, as illustr,qted by the reaction shown in eq. 2 (next page).
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