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Hydrocarbon-bridged transition metal complexes have been
beautifully reviewed by Beck.1 Transition metal carbide bridges
(LnM(C)mMLn) are an important subset of hydrocarbon bridges.2

Naked four-carbon bridges span the three forms depicted in
Scheme 1;3 most common is the diacetylene bridge a. Redox
reactions of a and c have produced examples of the cumulene
form b. Few examples of the biscarbyne C4-bridging unit c
have been reported. In this paper, we report a family of
dinuclear biscarbyne complexes displaying CH2CH2, CHdCH,
and CtC linkages.
Deprotonation of [M]tCCH34 ([M] ) Tp′(CO)2Mo (1a), Tp′-

(CO)2W (1b), Tp′ ) hydridotris(3,5-dimethylpyrazolyl)borate),
at the carbonâ to the metal, forms a vinylidene anion4a,5

{[M]dCdCH2}- (eq 1) which has been shown to react with a
variety of electrophiles.6 Reaction with Tp′(CO)2MtCCl forms
a C3 skeleton in [M]tCCH2Ct[M] products.7 Green and co-
workers observed that oxidation of an isoelectronic anionic metal
vinylidene complex ([Li][Cp(P(OMe)3)2MdCdCHtBu]), re-
sulted in dimerization to form the neutral product [Cp*-
(P(OMe)3)2MtCCHtBu]2.6b Other examples of oxidative cou-
pling reactions have been reported.8,3a

In an analogous reaction, oxidation of the parent vinylidene
complex {Li}{[M]dCdCH2} with ferrocenium, iodine, or
nitrobenzene gives high yields of the bright yellow neutral dimer
[M]tCCH2CH2Ct[M] (M ) Mo, 2;9 W, 310 ) (eq 2). The
two methylene units in complex2 are characterized by a singlet

at 3.10 ppm in the1H NMR spectrum and a triplet of triplets at
46 ppm (1JCH ) 133 Hz, 2JCH ) 6 Hz) in the 13C NMR
spectrum. A 2:1 NMR pattern is observed for the dimeth-
ylpyrazole rings of the Tp′ ligands.
Similar reactivity is seen with substituted carbyne reagents

of the type [W]tCCH2R (R) CH3, 4; CH2Ph,5)11which, upon
deprotonation and oxidation, also form bright yellow dimers
[W]tCCHRCHRCt[W] (R ) CH3, 6;12 CH2Ph,713 ) (eq 2).
Two diastereomers, meso and dl pairs, are observed for6 and
7, reflecting the presence of two stereogenic carbon centers.
The sterically demanding isopropyl carbyne [W]tCCH(CH3)2
(811) can also be deprotonated; oxidation forms [W]tCC-
(CH3)2C(CH3)2Ct[W] (914 ). In all cases, the metal-carbon
triple bond is retained in the [M]tC units linked by a saturated
bridge.

Dimeric complexes containing two metal alkylidyne units
linked by a CHdCH group have been reported by Schrock.
LMotCCHdCHCtMoL (L ) (R3SiNCH2CH2)3N) was formed
by coupling of the parent acetylides,15a and (tBuO)3WtC-
CHdCHCtW(OtBu)3 was synthesized by metathesis of an
alkylidyne complex with an enediyne.15b An example of a
biscarbyne with a substituted unsaturated bridge is Cp(CO)2-
CrtCC(Ph)dC(Ph)CtCr(CO)2Cp, which is believed to be
formed through a complex redox cycle.16 Also of note is the
biscarbene complex Cp′(CO)2MndC(OEt)CH2CH2(OEt)CdMn-
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(CO)2Cp′. When reacted withnBuLi followed by CuI, the dimer
undergoes oxidation to form a conjugated bridge in Cp′-
(CO)2MndC(OEt)CHdCH(OEt)CdMn(CO)2Cp′.8a
We have been able to form a conjugated linkage between

low oxidation state metal centers by stepwise oxidation of the
saturated bridges. Addition of 2 equiv ofnBuLi to complex2,
3, 6, or 7 forms an orangish-red THF solution, presumably the
dianions{Li}2{[M]dCdCRCRdCd[M] } (eq 3). These re-
sonance stabilized anionic vinylidene intermediates can be
oxidized with ferrocenium, iodine, or nitrobenzene to give
unsaturated bridges between the two carbyne fragments
[M]tCCRdCRCt[M] (eq 4).17-20

NMR data for10 includes an olefinic resonance at 6.49 ppm
(CHdCH) in the1H NMR spectrum and resonances at 285 ppm
(MotC) and 141 ppm (dd,1JCH ) 161 Hz, 2JCH ) 6.5 Hz,
CHdCH) in the 13C NMR spectrum. Dark red X-ray quality
crystals of12 were obtained from CH2Cl2/pentane, and the
structure is shown in Figure 1. This dimer has an inversion
center with a trans configuration of metal centers about the
olefinic bridge. Bond distances for the bridging unit are
consistent with the biscarbyne formulation: WtC (1.808 Å),
CsC (1.450 Å), and CdC (1.36 Å).11

Lapinte reported the radical coupling of Cp*(dppe)FeC≡CH
using ferrocenium hexafluorophosphate to form [Cp*(dppe)-
FedCdCHCHdCdFe(dppe)Cp*](PF6)2. Deprotonation yielded
the neutral, 1,3-diyne C4-bridged complex Cp*(dppe)FeCtC-
CtCFe(dppe)Cp*.3a Gladysz formed C4-bridged complexes by

oxidative coupling of two ruthenium ethynyl monomers and then
removed two electrons to form a cumulene dication.3c We have
been able to form a biscarbyne C4-bridged dimer directly from
the parent olefin complexes10 and11.
Both olefinic hydrogens can be removed from the parent

olefin complexes10and11 to form a dianion with a cumulene-
like bridge (eq 5). In an NMR experiment, dark green complex
10 and 2 equiv of KOtBu in THF formed an intensely colored
blue-green solution. Formation of a dianionic, C4-cumulene

bridge was evident in the13C NMR spectrum. Resonances at
280 and 258 ppm (singlets, ModCdCdCdCdMo) along with
resonances indicating a single Tp′ ligand environment with a
mirror plane of symmetry characterize the{K}2{[Mo]dCd
CdCdCd[Mo]}21 (14) product. Oxidation of this dianion
yields the neutral C4-bridged dimer, [Mo]tCCtCCt[Mo]22

(eq 6). Carbon-13 resonances at 249 ppm (MotC) and 107
ppm (CtC) characterize the C4 bridge.
We have been able to access the unusual MtCCtCCtM

framework23 by stepwise proton removal and subsequent
oxidation to effect net dihydrogen removal from the original
-CH2CH2- linkage to form -CHdCH- and -CtC- tethers
between the two robust metal carbyne moieties. The role of
the metal centers in housing the negative charges at the
intermediate dianion stage is essential to the oxidation sequence
that we have achieved.
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(17) For Tp′(CO)2MotCCHdCHCtMo(CO)2Tp′ (10): yield ) 85%;
IR (KBr) 1991, 1973, 1890 cm-1 (νMoCtO); 1H NMR (CDCl3) δ 6.49 (s,
2H, -CHdCH-); 13C NMR (CDCl3) δ 285.0 (MotC-), 141.0 (-CHdCH-).

(18) For Tp′(CO)2WtCCHdCHCtW(CO)2Tp′ (11): yield) 82%; IR
(KBr) 1977, 1956, 1869 cm-1 (νWCtO); 1H NMR (CDCl3) δ 6.63 (s, 2H,
-CHdCH-); 13C NMR (CDCl3) δ 276.4 (WtC-), 144.6 (-CHdCH-).

(19) For Tp′(CO)2WtCC(CH3)dC(CH3)CtW(CO)2Tp′ (12): yield )
34%; IR (KBr) 1957, 1869 cm-1 (νWCtO); 1H NMR (CDCl3) δ 1.92 (6 H,
-C(CH3)dC-); 13C NMR (CDCl3) δ 283.2 (WtC-), 148.3 (-C(CH3)dC
(CH3)-), 17.09 (-C(CH3)dC(CH3)-).

(20) ForTp′(CO)2WtCC(CH2Ph)dC(CH2Ph)CtW(CO)2Tp′ (13): IR
(KBr) 1963, 1875 cm-1 (νWCO); 1H NMR (CDCl3) δ 7.10 (s, 5 H, CH2C6H5),
3.84 (s, 4H, CH2Ph); 13C NMR (CDCl3) δ 283.2 (WtC-), 151.9 (CdC),
37.5 (CH2Ph).

(21) For [K]2[Tp′(CO)2ModCdCdCdCdMo(CO)2Tp′] (14): 13C NMR
(THF/C6D6) δ 279.8 (ModCd), 258.2 (ModCdCd).

(22) For Tp′(CO)2MotCCtCCtMo(CO)2Tp′ (15): IR (KBr) 2004,
1977, 1901 cm-1 (νMoCtO); 13C NMR (CDCl3) δ 248.9 (MotC-), 107.0,
(-CtC-).

(23) For Tp′(CO)2WtCCtCCtW(CO)2Tp′ (16): IR (KBr) 1987, 1958,
1878 cm-1 (νWCtO); 13C NMR (CDCl3) δ 243.7 (WtC-), 88.0 (-CtC-).
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Figure 1. ORTEP diagram of Tp′(CO)2WtCC(CH3)dC(CH3)-
CtW(CO)2Tp′ (12).

(6)

(5)

Tp′(CO)2M C C

H

C

H

C

Tp′(CO)2M C C C C

Tp′(CO)2M C C

2KOtBu

C C

10 (Mo); 11 (W)

M(CO )2Tp′

–2e

15 (Mo); 16 (W)

M(CO)2Tp′

Tp′(CO)2M C C

–

C C

2 –

M(CO)2Tp′

2

M(CO)2Tp′

Communications to the Editor J. Am. Chem. Soc., Vol. 119, No. 4, 1997829


