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In the course of this resea.rch we found that the anionic alkynyl complex 

(Cp"(CO)(PPh3)Mn..c=C-CH3]- (1) can be generated in situ by the addition of two equivalents of 

n-BuLi to a solution of the carbene complex Cp'(CO)(PPh3)Mn=C(OMe)CH2CH3 (2). Complex 

1 adds eleotrophiles such as H20, Mel. MeOS02CF3, [EtgO][BF.J, Bti, But.[, and RC{O}Cl(R,. 
' 

Me, Ph) to form v1nylidene ·complexes. Cp'(CO)(PPh3)Mn::C=CMe(R) [R = H, Me,. Et~ .But,. 

-C{O}Me (3), and -C{O}Ph}. Alkylation of 1 with MeOTf affords the vinyl carbyne complex 

[Cp'(CO){PPh3)Mn=C-C(Me)=C(QMe)Me]+CF3S0:3"· The (3-c~bon of the propynylligand of 1 

also adds to the central carbon arom of the heterocumulenes TolNCO. P~CCO. and C02 to fo:rrn. 

after protonati.on or alkylation. the vinylidene complexes Cp'(CO)(PPh3)Mn=C::CMe(-C{O}R) 

{R = NHTol, CHPh2, OMe}. and 1 undergoes conjugate addition with tram-4-phenyl-3-buten-2· 

one. to give after protonation the vinylidene complex ~p' (CO)(PPh3)Mn=C;;CMe(CH(Ph)CH2-

C{O}Me). In the presence of BF3·Etz0, complex 1 undergoes (2+3] cycloaddition .of the C;;;C . ' 

bond of the propynylligand across the epoxide linkage of isobutylene oxide and cyclohexene 
' 

oxide to f-onn new cyclic carbene complexes 4 and 5. A similar [2+4] cycloa.ddition occurs with 

3,3-dimethyloxetane to give yet another carbene ·complex 6. These latter reactions are highly 

stereospecific due to the chiral nature of l and give a single pair of enantiomers of 4 and 6. 

It was also found that the .highly nucleophilic propynyl co~plex [Cp(CO)(PPh3)­

Mn-C~·Met (7) reacts with a variety of aldehydes and .ketones in tlle presence of BP3·E~O to 

give. after quenching with MeOH. a series of cationic vinylcarbyne comple~~ of the general 

fonn [Cp(CO)(PPh3)Mn~C-C(Me):::C(R)(R')]BF4~ The reactions of the R, R";;;; Ph derivative (8) 

with a series of nucleophiles (LiAlH4, RMgX, Bu'C=CLi) has been studied, and addition occurs 

to both the a-carbon of the vinylcarbyne ligand to fonn vinylcarbene complexes [Cp(CO)(PPh
3
)-

- I ' ' 

' . ' 

Mn=C(R)-C(Me)=CPh2) (R.= B, Me, Et, -C;;C-Bu~ and to the y--caxbon to give vinylidene. 

-- -~----- . ~-......,.....,_,. . ., '· ""'"' '•' ' . .. u .. . • ~)!.·_ .... > ,.• . :-- ,•. 
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complexes, with addition to Cc:t being electronically preferred but with addition to Ct being 

favored sterically because of the bulky PPh3 ligand. The vinylcarbyne comple~es that have an 

acidic proton on the ·C., substituent u~dergo facile dcprotonarion . to. give vinyl-vinyli4ene 

derivatives of the general form Cp(CO)(PPh3)Mn=C=C(Me)-C(R)::C(R'h (R':;H, R~ p-Tolj Bu1
; 

R'=Me, R=H), The propynyl complex 7 also adds to they-carbon of 8 [O form the binuclear 

bis(vinylidene) complex [Cp(CO)(PPh3)Mn~::C(Me)-h{C(Phh} as a separable mixture of 

diastereomers. A related ·binuclear bis(vinylidene) complex [Cp(CO)(PPh3)Mn::C=C(Me)-h­

{C(H)(Et)} was also isolated in low yield from the reaction of propynyl complex 7 wi~ both 

MeOH and M~SiCI. 

The cationic alkylidyne complexes [Cp(CO~Mc:;C>CFJ2R]+ [M= Re, R= H; M= Mn, R= H, 

Me. Ph] hav~ been found to undergo facile deprotonation to give. the corresponding neutral 

vinylidene complexes Cp(COhM~=C(H)R. For [Cp(CO),_Re-..""'C-CH3]+, this ttansfonnation 

occurs spontaneously at ·78° C upon the addition of solvent (CH2Cl2 or UIF) to the solid carbyne 

complex, bnt rhe manganese complexes [Cp(C0)2Mn;;C-CH~R]+ (R.; H. Me) reqllire the addition 

of external base C!J.:.g., Et.gN) to induce their deprotonation. Tho manganese benzylcatbyne 

complex [Cp(COhMn=C..cH2Ph]+ is intennediate in behavior. Except for Cp(COhMn-C:C- -

(H)Ph. mese vinylidene complexes are thermally unstable and must be generated ~nd studied at 

low temperature. They ·are potent dipolarophiles which und,ergo net [2-J:2] cycloaddition with 

imines to give cyclic carbene complexes of the general fonn Cp(COhM~-C(H)R-C(H)Ph-N(R') · 

[M = Re, R '=H, .R, =Me, Ph; M == Mn, R' =Ph, R = H, Me, Ph]. Identical manganese products 
. . 

fonn upon treatment of tlte manganese catb~e complexes first with imine followed by addition 

of E~N. Pennanganate oxidation of the manganese cyclic carbene complexes gives the 
- -

corresponding jl-lactarns in excellent yield. Also formed in t.he reactions of the rhenium complex 
' -

Cp(COhRe=C=CHz with imines are the productS Cp(CO)~e-C-C(~(H)Ph)-C(H)Ph-~(R') 

(R"= Me, Ph] that have an exocyclic double bond formed via an aldol-type condensation between 

thf? initial cycloadduct and exc~s imine. The 'Vinylidene complexes Cp(CO)zM=C::C(H)R react 
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with HN=C(Phh to give imino-carbene cmnplexes of the general form Cp(COhM=C(CH2R)­

N~(Ph)a which derive ~Y addition of the N-H bond ~ross ~e vinylidene C=C bond~ Similar 

products fonn upon benzophenone imine addition to the manganese carhyne complexes~ followed 

by addition of E~N. Also formed in the -reaction of Cp(COhMn=C~C(H)Ph or [Cp(C0)2-
, - . 

Mn~-CH2PhJ+ with HN:::<C(Ph)2 is the [2+2] cycloadduct Cp(C0)2Mn=C-C(H)Ph-C(Phh-N(H). 
. . 

Nitrile complexes, Cp(CO)a.Mn-N;;;;C-~R. result from an organometallic analogue of the 

Beckmann rearrangement upon treatment of Cp(CO)zMn=C=C(H)R [R= H, Ph] or [Cp(COh­

MnsC-C~R]"~" [R.= H. Me] with Pb:2C=NNH2• Isocyanide complexes, Cp(C0)1Re-Oo!N-R, are 

the result of reaction of the vinylidene complex Cp(C0hRe=C::CH2 _ with carbodiimides 

(RN;;C;;;:NR; R= W, Bu~. a reaction tha.t proceeds via. net metathesis of the vinylidene Re=C 

bond with the carbodiimide C=N bond. Asimilar isocyanide product fonns upon reaction of [Cp· 

(CO)zMnsC-CH~+ with BufN:;:C=NBu' and Et:!.r-1. and a. 13C labelling experiment indicates a. 

mechanism involving a [1,3]-mig('B.tion of the· [Cp(COhMn] fragment in the intermediate [Cp­

(COJ,.Mn-C(::CHil-N(Bu~=C=N(Bu1)}. Reaction of both [Cp(CO)~Mn-:C..CH3}+ and Cp(CO)z­

Mn=C~H2 with PrlN=C=NPr . gave the ansa-carbene carbene - complex 

{1J.S-C5H4-C(::CHv}(COhMn::C(N(H)Pri){Npri)by a path involving a. similar [1,3].migration of 

the [Cp(~O);,Mn] fragment and insertion of the original vinylidene or carby~e ~·carbon into ~e 

one of the C·H bonds ·of the- cyclopentadienyl ligand. A bypro duet of rhis reaction is the 

bis(a.rnino)carbene complex ('Tl5~C5H4-CfO}CH3)(C0)2Mn::C(NHPr)2• with an acetyl substituent 

on the cyclopentadienyl ligand, a product that likely results from hydrolysis of the 

above-mentioned an..ra-ca.rbene complex. An. unusual zwi~rionic · vinylidene complex 

Cp(COhMn=C~(Me)-C-N(Bu')-BC~-N(Buf) is rile principal product of the reaction of the 

propylidyne complex [Cp(C0)2Mn=C·CH1Me]"' . with BulN=C=NBu' and Et.JN. With 

benzalazine, Pb(H)C=N-N=C(H)Ph, the con:tplexes Cp(C0hRe=C~CH2 and [Cp(CO)z­

Mn;;oC-CHs]+ react to form the · bimetallic bis(carbene) complexes 

Cp(COhM=C-C(Hh-C(H)Ph-N-Jii-C(H)Ph-C(H)~·C=M(CO):;,_Cp (M = Re, Mn) that result from 

consecutive [3+2} cycloaddition reactions of the a2ine with two equivalents of the oi:ganometalllc 
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We have also investigated reactions ~levant to the halide promoted Fe and_ Ru catalyzed 

carbonylation of nitroa.rornatics. It was observed that the halides c:;t·, Br, rand the pseudo-halide 

NCO· react with F~(C0)11 (9) ih aprotic solverirs ~induce a disproportiona.tion.reaction yielding 

the radical anion [F~(C0)11r' (10). This species hilS been fully characterized by single crystal 

X-ray diffraction studies of its PPh4 ... and PPN+~ salts, although the latter was disordered. Iii 

contrast to other related F~ carbonyl Clusters, the Slt'Uctures show that the anion has one . 

scmi-briclging. CO and ten tenninal CO ligands. Clustet 10 also forms upon reaction of 

[F~(CO)u]2· with ArN02• and it disproportionates under a CO atmosphere to yield Fe(CO)s and 

[F~(C0)11]1-. The mixed metal cluster F~Ru(COh~ alsQ reacrs wlth [PPN]Cl to yield [PPN]­

[F~Ru(Cl)(C0)1o], a reaction/which is sinlllar to that previously observed for Ru3(C0)12• 
' - . 

Reaction oi [F~(C0)11r with PhNO and PhN02 yields a mixture of clusters which, after 

wodrup, give azo- _and azoxybenzenc .. When ClsC6N02 was used in place of PhN02. the cluster 

[F~(CO)g(JL3-NCcsCls)J2- (11) was obtained together with other products. Cluster 11 can be 

protonated by HBF4 to yield [HFe.3(CO)g(JJ.3-NC6CJ.s)]· (12}. The non-chlorinated analogue of St 

[PPh.i)2[F~(CO)g(J.l3-NPh)]·2CH2Cl2 has been characterized by an X-ray diffraction study_ The 

cluster [HF~(C0)11r (13) has been found to react witb PhNO and ArN02 by an initial electron 

transfer process to form [HF~(C0)9(J.11·NPh)l (14). with PhNO giving higher yields. Cluster 14 

reacts with PhNO in th~ presence of radical activators to yield azo and azoxybenzene. The use of 

2-Mc-C6H4NO in this reaction gave only symmenical azo and azox.yarenes, jmplying that these 

products do not derive from a coupling of the imido fragment .in 14 with free ArNO. Cluster 14 

reacts with water f.? yield aniline· in the presen~ of [C~2Fe)[PF6] but not in its absence. 

CCJmpetition experiments show· that 14 is not a kinetically significant intermediate in the 

phase-transfer cataly~ reduction of ArN02 by F~(C0)1~ and imply that radical imennediares 

are also involved in this reaction: 
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A final part of this wotk has involved investigations of metal-oxo complexes. It was found 

that in the presence of aqueous NaOH and· air. Cp•WCI4 undergoes hydrolysis and oxidation to 

fom1 Cp*WCOhCL When air is excluded, two W0/) intermediates are detected in ~e above 

reaction for which .spectroscopic evidence indicates the fonnulations Cp*WCI3(0H) and 

Cp+WC12{0Hh. In the ·absence of air, Cp*MoCl.s reacts with NaOH(aq) to cleanly yield the 

Mo(V) compound Cp*Mo(O)Cl2, but in lhe p~sence of air oxidation occurs tO give the Mo(VI) 

complex Cp>ltMo(0)2.C1. Both Cp*W~ and Cp+MoC14 react. with aqueous Butmi2 in the 

presence of ait to form the trio~o anions [Cp*M(O~]· which have been isolated as their 

[Butmi3]+ salrs. The trioxo anions are also produced upon treatment of t;p*M(OhCl or 

[Cp*M(O)ih.(J.t-Q) with aqueous·Butmi2• [(Ph3PhN]+ and [Bun4M+ salts of [Cp*WCO)ii" were 

obtained by metathesis reactio~ and . the reaction of [Bu'NH3][Cp+W(0)3] with 

EtC{O}CH=C~ gave lhe salt [But(EtC{O}CH2CH;2)NH:1][Cp*W(O}J]. The complex CpljlWC4 

was also observed tO react with anhydrous Bu~H2 in the abs~nce of air to fonn Cp*W(NBu~Cl7. 
' 

which in tum gave Cp*W(O)(NBu~Cl upon exposut:e to moist air. · With phenylhydrazine, 

Cp*WC14 reacted in air to give the bis(hydrazinido) complex. Cp"'W{NNHPh)zCI. With H2S in. 

air. both Cp*WC14 and Cp*MoC14 reacted. to give mixtUres of the known dinuclear compounds 

[Cp*M(S)]2(J.L-Sh and [Cp*M(S)]z(J.t.-S2), but in the presence of NE1::3~ cp•wci.i and H2S reacted 
' 

. to give the new r.risulfido anion [Cp*W{Shr. ·In exploratory reactions of [Cp •w(0)3]· with 

unsaturated organic substrates. phenylketene was otiserved to react with this trloxo anion to give a 

new complex fanned via net [2+2] cycloaddilion of a W=O bond ~cross the ketene C=C bond, 

and two molecules ~f MeO{O}CC=CC{O)OMe were taken up by [Cp"WCOh]· to fonn a n.ew 

complex with a six-membered W-0-C(R)=C(R)~C(R)=C(R) ring~ 

The trioxo anions [Cp"'W(0)3r and [Cp*Mo(O)il• h~vc been shown to be useful reagents 

for the formation of IJ.-oxo complexes via halide displacement reactions. For example,. they react. 

with Cp"'M(Oh_Cl (M = Mo. W) to fonn th~ known homometallic J.L-oxo complexes' 

Cp'!'(0)2M-0-MC<?hCp* along with rhe heterometallic complex Cp*(OhMo~O-W(0)2Cp*. This-. 
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latter species was, also observed to fonn. via a metal exchange process upon mixing the 

homometallic complexes Cp*(O)#Io-0-Mo(OhCp"' and Cp*(OhW·0-W(0)2Cp"'. Reaction of 

the uioxo anions with Cp2M'Cl2 led to the new heterobi.rnelallic complexes CPlM'(CI)-0-M­

(OhCp*, (M' = Ti, Zr.; M ::: Mo. W and M' = V, M ·:= W). The corresponding trinuclear 

complexes Cp"'(0hW-0-M'(Cph,-0-W(0)2cp• were fanned \1ia addition of two equivBlents of, 

[Cp*W(Oh]· to Cp2M'Cl2 (M' ~ Ti, Zr). Addition of E~O ro Cp2V(Cl)-0-W(0)2Cp* gave the 

solvated complex [Cp2 V(E~0)-0-W(0)2Cp*]Cl, and the tetramerallic complex. [{CpzTih­

{Cp+W(Ohb.(fl:'-0)J[BPh4h was produced via halide abstraction from Cp2Ti(Cl)-0-W(0)2Cp* 

with Na[BPh4] followed by dimeri~tion of the resulting monocati.ons. The trloxo. anion · 

[Cp*W(0)3]· also displaced halides from BrCPh3, chlorosilanes, and ehlorogeunanes to give the 

corresponding alkoxy {Cp"'W(Oh,-O·CPh:l}, siloxy {Cp*W(O)z-O..SiR2R': R, R"= CH2Ph; R;:::. 

But, R';:: H; R= Me, R"= Butt R, R'= Me}; and germoxy {Cp*W(Oh,-O·GeR3: R ;; Me, Ph} . 

complexes. The complex Cp*W(0)2-fr-SiM~ was better prepared via reaction of [Cp*W(OhJ­

with CF3Cf=NSiMe3}0SiM~. However. reaction of· [Cp*W(O>Jr with the tin analogue 

CISnM~ did not give the corresponding bimetallic complex but instead produced [[M~Sn}4~ 

{Cp"'W(0))4{JL-0}s] with a sixteen-membered ring and which is formally a [·O·WCp*(0)-0-Sn­

M~-]4 r.etramer. A variable temperature 170 NMR study showed that this species undergoes a 

fluxional process which exchanges the bddgjng and termina! oxoligands. .• 

, I 
i 
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