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In the course c;f this research we foond that the amionic alkynyl complex
[Cp” (CO)PPhs)Mn-C=C-CH,]" (1) can be generated in site by the addition of two equivalents of -
n-Buli to a solution of the carbene complex Cp’(CO)(PPh;)Mn=C(OMe)CH,CH; (2). Complex
1 adds electrophiles such as H,0, Mel, MeOSO,CF,, [Et;0)BE,], BtL, Bu'l, and RC[O}CL(R =
Me, Ph) to form vinylidene ’complexesi Cp’(CO)(PPhg)Mn=C=bMe(R) {R = H, Me,‘Etl, But, -
-C{O}Me (3), and -C{O}Ph}. Alkylation of 1 with MeOTE affords the vinyl carbyne complex
[Cp’(CO)(PPhg)MnEC-C(MC)=C(OM6)ME]+CF3803'. The B-qa_rbon of the ptopynyl ligs;nd of 1
algo adds to the central carbon atom of the her.erocumuleneé ToINCO, Ph,CCO, and CO, to form,
after protonation or alkylation, the vinylidene complexes Cp’(CO)(PPh,YMn=C=CMe(-C{OQ}R)
{R = NHTol, CHPh,, OMé},'and 1 undergoes conjugate addition with trans-4-phenyl-3-buten-2-
one to give after protonation the vinylidene complex Cp’(CO)(PPhy)Mn=C=CMe(CH(Ph)CH,-
C{O}Me). In the presence of BF;Et0, complex 1,undergqe\s [2+3] cycloaddition of the C=C
bond of the propynyl ligand across the epoxide linkage of isobutylene oxide and cyciohexe.nc
oxide to form new cyclic carbene z::omplexes 4and5. A sim}}ar [2+4] cycloaddition occurs with
3,3-dimethyloxetane to give yet another carbene complex 6. These later reactions are highty

stereospecific due to the chiral nature of 1 and give a single pair of enantiomers of 4 and 6.

It was also found that the ‘highly nucleophilic propynyl comnplex [Cp(CO)(PPhg)—
Mn-C=C-Me]" (7) reacts with & variety of aldehydes and ketones in the presence of BP;+Et,0 to .
give, after quenching with MeOH, a series of catonic vinylcarbyne complexes of the general
form [Cp(CO)(PPh3)Mn5C-C(Me)=C(R)(R’)]BP47 The reactions of the R, R'= Ph derivative (8)
with a series of nucleophiles (LiAJH,, RMgX, Bu'C=CLi) has been smdied, and addition occurs
to both the c-carbon of the vinylearbyne ligand to form vmylcarbene complexes [Cp(CO)(PPh3)-
Mn=C(R)- C(Me)-CPh2] (R= H, Me, Et, -C=C-Buf) and to the y-carbon to give vinylidene
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complexes, with addition to Cy béing eicctronically p;cfcm:d but with addition to Cy being
favored sterically bccause;\ of the bulky PPh4 ligand. The vhlylcafbyné complexes that have an

“acidic proton on the C, substituent undergo facile deprotonation to. give vinyl-vinylidene
derivatives of the general form Cp(CO)(PPha)Mn=C=C(Mc)-C(R)=C(R')é (R’=H, R=p-Tol, Bu’;
R’=Me, R=H)}, The propynyl coﬁmphx 7 also adds to the y-carbon of 8 o form the binuclear
bis(viny]idcnc)_ complex [Cp(CO)(PPhg)anfi_:C(Mé)-]z{C(Ph)z} as a séparablq mixture of
digstereomers. A related binuclear bis(vinylidene) corhple:é [Cp(COXPPhy)Mn=C=C(Me)-],~
{CE)(ED} was also isolated in low yiéld from. the reacﬁon of propynyl complex 7 with both
MeOH and Me,SiCl. ’ _

The cationic alkylidyne complexes [Cp(CO),M=C-CH,R]* [M= Re, R= H; M= Mn, R= B,
Me, Ph] have been found to undérgo facile deprotonation to give the comesponding neutrl
vinylidene complexes Cp(CO),M=C=C(H)R,. ’For [Cp(CO),RexC-CH;J*, this transformation
occurs spontaneously at -78° C upon the addition of solvent (CH,Cl, or THF) 1o the solid carbyne
complex, but the manganese complexes [Cp(CO)zMnEC-CHzR]*' (R=H, Me) require the addition
of external base (e.z., BN) to induce their deprotonation. The manganese benzylca.rbyne

complex [Cp(CO),Mn=C-CH,Ph]* is intermediate in behavior. Except for Cp(CO)Mn=C=C--

(H)Ph, these vinylidene complexes are thermally unstable and must be generated and stdied at

low temperatote. They are potent dipolarophiles which undergo net [242] cycloaddition with ‘
imines to give cyclic carbene complexes of the general form Cp(CO)zM——(f-C(H)R-C(H)Ph-?\J Y

M =Re, R'=H, R’ = Me, P M= Mn, R* = Ph, R = H, Me, Ph]. Identical manganese products
form upon treatment of the manganese carbyrie com'plexes'ﬁrst with imi.né followed by addition
of EpN. Permanganate oxidation of the manganese cyclic; carbene complexes gives the
corresponding f3- lacmms in excellent yxcld Also formed in the reactions of the rhenium cOmplcx
Cp(CO),Re:C—CHz with iminés are the products Cp(CO)zRe-CTC_(__E(—E—I)WE(ﬁTM(R'

[R‘— Mg, Ph] that have an exocyclic double bond formed via an aldol-type condensation between
the initial cyclaadduct and excess imine. The vinylidene complexes Cp(CO);M=C=C(H)R react
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with HN=¢(Ph)2 to give imino-carbene complexes of the gencml form Cp(CO),M=C(CH,R)-
N=C(Ph), which detive by addition of the N-H bond across the vinylidene C=C bond. Similar
producte forn upon benzophenone im@ne additon to the manganese carbyne complexes, followed
by gdditicm of BiyN. Also Iformed in the.rescdon of Cp(CO),Mn=C=C{E)Ph or [Cp(CO)Q-
Mn=C-CH,Ph]* with HN=C(Ph), is the [é+é] cycloa_dd‘uct Cp(CO);Mn=C-C(H)Ph-C(Ph),-N(H).
Nitrile complexes, Cp(CO),Mn-N=C-CH,R, reSult\from an organometallic anal&gue of thé
Beckmeann rearrangement upon teeatment of Cp(CO),Mn=C=C(H)R [R= H, Ph} or [Cp(CO),-
Mn=C-CH,R]}" [R=H, Me] with Ph,C=NNH,. Isocyanide complexes, Cp{CO);Re-C=N-R, are
the result of roaction of the vinylidene complex Cp(CO)Re=C=CH, with carbodiimides
(RN=C=NR; R= Pr, BuY), 2 reaction that proceeds via net metathesis of the vinylidene Re=C
bond with the carbodiimide C=N bond. A similar isocyanide product forms upon reaction of [Cp-
(COYMn=C-CH,]* with BuW=C=NBu' a.ﬁd BN, and & 3C labelling experiment indicates &
mechanism involving a [1,3]-migration of the- [ép(CO)gMn] fragment in the intermediate [Cp-
(CO),Mn-C(=CH,)-N(Bu")=C=N(Bu)]. Reaction of both [Cp(CO),Mn=C-CHy]* and Cp(CO),-
Mn=C=CH, with PrN=C=NPr' gave the ansa-carhene carbeme - complex

[M5-CsH,-C(=CH,) }(CO),Mn=C(N(H)Pr')(NPr)by a path involving & similar [1,3]-migration of
the [Cp(CO);Mn] fragment and insertion of the original vinylidene or carbyne o-carbon into the

one of the C-H bonds ’6f the eyclopentadienyl ligand. A byproducet of this reaction is the
bis(amino)carbené complex (n57C5H4-C~[O}CH3)(C0)2Mn=C(NHPt’)2, with an acetyl substitnent
\On the cyclopentadienyl ligand, a product that likely results from hydrolysis of the

above-mentioned ansg-carbene complex. An unusnal zwitteronic ' vinylidene complex

CP(CO);Mn=C=C(Me)-C-N(Bu)-BCL, K(Bu?) is the principal product of the reaction of the
propylidyne complex [Cp(CO),Mn=C-CH,Me]* with Bw'N=C-NBw and BEuN.  With
benz@ne. Ph(HjC=N—N=C(H)Ph, the complexes Cp(CO),Re=C=CH, eand [Cp(CO),-
Mn=C-CH,]* ' teact to form the - biﬁnetallic_f bis{carbene) complexes
Cp(CO),M=C-E(E), C(EPA-N-N-C(E)Ph-C(H),-C=M(CO),Cp (M = Rs, Mn) that result from

consecutive [3+2] eycloaddition reactions of the azine with two equivalents of the organometallic
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reagents,

We have also inQesﬁgawd reactions ’,rele.v‘mit to the halide prorooted Pe and Ru catalyzed
carbonylation of nitroaromatics. It was observed that the halides CI', Br, I aﬁd the pseudo-halide
NCO" react with Fe;(CO);, (9) in aprotic solvents to induce a disproportionation reaction yielding
the radical anion [Fe3(CO)yy]™ (10). This species hes been fully characterized by single crystal
X-ray diffraction studies of ité PPh,* and PPN¥ salrs, althougﬁ the latter was disordered. In
contrast to other related Fe; carbonyl clusters, the structures show that the anion has one
scmi-bridging CO and ten terminal CO ligands, Cluster 10 also forms upon reaction. of
[Fes(CO)Yp 1% with ATNO,, and it disproportionates onder a2 CO atmosphere to yield Fe(CO)s and
[Fes(COYy1%. The mixed metal clister Fe,Ru(CO),, also reacts with [PfN]Cl to yield [PPN]-
[Fe,Ru(CH(CO) o], a reaction. which is sirpilar to that previously observed for Rus(CO),,.
Reaction of [Fe;,(Cd)II]* wuh PhNO and PhNO, yields a mixture of clusters which, after
workup, give azo- and azoxybenzene., When Ci.C;NO, was used in place of PhNOz the closter
[Feg(CO)g(ug-NCdC.ls)]" (11) was obtamed toge:her with other products., Cluster 11 can be
protonated by HBF, to yield [HFes(CO)y(i3-NC¢Cls)]" (12). The non-chlorinated analogue of §,
[P?hﬂth%(CO)g(ug-NPh)].ZCHZCIZ has been charseterized by an X-ray diffraction study. The
cluster [HF&_,(CO)U].‘ {13) has been found to react thh PhNO and AfNO, by an initial electron
tx;ansfer process t0 form [HFe;(CO)(s-NFR)]" (14), with PANO giving higher yields. Cluster 14
reacts with PhNQO in the presence of radical activators to yield\azo and azoxybenzene. The use of
2-Me-C¢H4NO in this reaction gave Dnl¥ symmerical azo and azoxyarenes, implying that these
products do not derive from a coupling of the imido fragment in 14 with free ArNQ, Cluster 14
reacts with water to yield aniline- m the presence of [szPu][PFﬁ]‘ but not in its absence.
Competition experiments show- that 14 is not a _kinclicaliy significant imermediate in the
phase-transfer catalyzed reduction of ArNQO, by Fey(CO),, and imply that radical intermediates

are aleo involved in thig reaction.:
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A fipal part of &ﬁs Work has involved investigatiofis c;f metal-oxo cOmpIcies. It was found
that in the presence of agueous NaQH and air, Cp*WCl, undergoes hydmlysis-a.nd oxidation to
form Cp*W(0),Cl. When air is excluded, two W(V) intermediates are detected in the above
reaction for which spectroscopic evidence indicates the formulations Cp*WCI;(OH) and
Cp*WCI,(OH),. In the ‘absence of ’air, Cp*MoCly reacts with NaOH(aq) to cleanly yield the
Mo(V) combound Cp*Mo(O)Cly, but in the presence of air oxidation occurs to give the Mo(VI)
complex Cp*Mo(O);Cl. Both Cp*WCl; and ’Cp’*'MoCI,, teact with aqueousABu‘NH,l in the
presence of air 1 form the trioxo anions {Cp*M(O)a]" which have been isolated =3 their

| [Bu'NH,]* salts, The tioxo anions are zlso produced upon weatment of Cp*M(0),Cl or
Cp*M(O)z]z()-l.-O) wuh agueous Bu'NH,. [(PhyP),N]* and [Bu”yN]J* salts of [Cp*W(O)a]" were
obtamed by metathesis reactions, and the reactlon of [Bu‘NH;][Cp*W(O)g] with
EtC{O}CH=CH, gave rhe salt [Bu*(EtC{O}CHQCH;,)NHg][Cp*W(Oh]. The complex Cp*WCl,
was also observed to react with anhydrous Bu'NH, in the absence of air to form Cp*W(NBu"CL,
which in turn gave Cp*W(O)(INBu)Cl upm;l exposi;re to moist air. With phenylhydrazine,
Cp*WCl, reacted in air to give the bis(hydrazinido) complex Cp*W(NNHFPh),CL. With H,S in.
air, both Cp"WCly and Cp*MoCl, reacted. to give mixuwes of the known dinuclear compounds
[Cp*M(8)15(n-S), and [Cp*M(8)],(1-S,), but in the presence of NEt, Cp*WCl, and H,S reacted

1o give the new wisulfido anion [Cp*W(S)3]. In cXploméry reastions of [Cp"W(Q)sJ" with
unsaturated organic substrates, phenylketene was obiserved to react with this trioxo anion to give a
new complcx formed via net [2+2] eycloaddition of a W=0 bond across the kctcne C=C bond,
and two molecules of MeO{0}CC=CC{0)OMe were taken up by [Cp*W(O)]" 1o form a new
complex with a s1x-membercd W-Q-CR)=C(R)- C(R)=C(R) nng '

The rioxo anions [Cp*W(0);]" and [Cp*Mo(O);]) hz_w; been shown to be uscful reagents
for the formation of [L-oxo complexes via halide displacement reactions, For example, they react
with Cp*M(0),C1 M = Mo, W) to form the known homometallic p-oxo complexes
Cp‘.“(O)zM-O-M((‘))sz* along with the heterometallic complex Cp*(0);Mo-O-W(Q),Cp*. This..

s
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latter species was. also observed to form. via a metal exchahge. process upon mixing Vthe
homometallic complexes Cp*(0);Ma-0-Mo(0),Cp* and Cp*(0),W-0-W(0),Cp*. Reaction of
the trioxo aniong with Cp,M’Cl, led 1o the new heterobimetallic complexes Cp,M'(CL)-O-M-
(0),Cp*, (M* = Ti, Zr; M = Mo, W and M' = V, M"= W). The comesponding trinuclear
complexes Cp*(O)ZW-O-M'(Cp)z—O-W(Ong.p' were formed via addition of wo equivalents of ‘
[Cp*W(0)s]" to Cp,M’Cly (M’ = Ti, Zr). Addition of Et,0 to Cp,V(C1)-0-W(0),Cp* gave the
solvau:d complex [CpZV(Eth) 0-W(0),Cp*ICl, and the tetrametallic COmplcx [{CpyTi}y-
{ Cp*W(0)}5(11-0)a1[BEh,]; was produced via halide abstraction from szTi(Cl)—O-W(O)ZCp*
with Na[BPh,] followed by dimerization of the resulting monocations. The trioxo. anion
[Cp*W(O)s]" elso displaced halides from BrCPhy, chlorosilanes, and chlorogermanes to éive, the
corresponding alI;oxy {Cp*W(0),-0-CFPhy}, siloxy {Cp*W(0),-O-SiR,R™: R, R’= CH,Ph; R=
BuY, R’= H; R= Me, R’= Bu} R, R’= Me), and germoxy {Cp*W(0)-0-GeRy: R = Me, Ph} -
complexes. The complex Cp*W(O)Q-O-SiMe@ was better prepared via reacti;n,of [Cp*W(Ox]"
with CE;C{=NSiMe;}OSiMe;. However. reaction of [Cp*W(O);]" with the tin analogue
CiSnMe, 'did not give the corresponding bimetallic complex but instead produced [(MeSn},-
{Cp*W(0) ) 4{1-O);] with a sixteen-membered ring and which is formally a [-O-WCp*(Q)-O-5n-
Mey-14 tetrémer. A varable temperature 170 NMR émdy showed that this species undergoes a

fluxional process which exchanges the bridging and terminal 0x0 ligands,
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