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Organometallic complexes with metal centers joined by Cn

bridges, wheren ) 1-6 and 8, have been reported.1-7 The
recent review of hydrocarbon bridges in transition metal
complexes by Beck is particularly relevant to the work described
here.7a In this Communication we report the synthesis and
characterization of complexes which have C3 bridging units with
metal-carbon triple bonds. In particular, methylene-bridged
biscarbyne molecules serve as vehicles to prepare C3-bridged
complexes Tp′(CO)2MotC-CtCMo(O)2Tp′, Tp′(CO)2WtCCt
CMo(O)2Tp′, and Tp′(O)2WCtCCtMo(CO)2Tp′ (Tp′ ) hy-
dridotris(3,5-dimethylpyrazolyl)borate) as well as the ketone
complex Tp′(CO)2WtCC(O)CtMo(CO)2Tp′.

Examples of metals bridged by a C3 unit have only recently
been communicated.3 Gladysz reported the synthesis of mixed-
metal complexes with a C3 bridge which takes advantage of
the nucleophilic nature of Cp*(CO)3ReCtCLi and utilizes
Fischer carbene to carbyne conversion chemistry.3a The C3-
bridged complex [Cp*(CO)3ReCtCCtMn(CO)2Cp]+[BF4]-

also reflects a contribution from the cumulene resonance form
[Cp*(CO)3RedCdCdCdMn(CO)2Cp]+[BF4]-.
A C3 skeleton linking two metals can be assembled from

complementary carbyne reagents. Metal vinylidene complexes
LnMdCdCRR′ are nucleophilic at the carbonâ to the metal.8

Deprotonation of Tp′(CO)2MotCCH3 generates a vinylidene
anion, observed by IR and NMR spectroscopies,9 which reacts
with electrophiles to yield derivative carbyne complexes.10

Reaction of this molybdenum vinylidene anion with Tp′(CO)2-
MotCCl (1),11 known to undergo nucleophilic substitution of
chloride,10a yields the yellow dimeric complex Tp′(CO)2Mot
CCH2CtMo(CO)2Tp′ (2)12 (eq 1). Four metal-carbonyl

stretches are observed in the IR spectrum (νCO ) 2008, 1985,
1910, 1900 cm-1). Diagnostic NMR signals include a singlet
at 4.27 ppm (2 H,-CH2-) in the1H NMR spectrum and signals
at 284.7 ppm (t,2JCH ) 8 Hz, MotCCH2CtMo) and 68.5 ppm
(t, 1JCH ) 130 Hz, MotCCH2CtMo) in the 13C NMR
spectrum. A 2:1 NMR pattern for the Tp′ pyrazole rings reflects
the presence of a molecular mirror plane.
This simple synthetic route provides access to dinuclear

complexes with different metals. Reaction of the tungsten
vinylidene anion [Tp′(CO)2WdCdCH2]- with 1 forms a bright
yellow, methylene-bridged complex, Tp′(CO)2WtCCH2Ct
Mo(CO)2Tp′ (3)13 (eq 1). Four carbonyl stretches are observed
in the IR spectrum (νCO) 1986, 1973, 1894, 1878 cm-1). There
is a mirror plane of symmetry in the NMR spectra with distinct
Tp′ signals for each half of the molecule. The-CH2- proton
signal appears at 4.21 ppm (3JWH ) 7 Hz) while the methylene
carbon resonates at 70 ppm (t,1JCH ) 129 Hz,2JWC ) 41 Hz).
The -CH2- unit is relatively acidic14 due to resonance
stabilization of the anion.

Reaction of3with 1 equiv of KOBut yields the [Tp′(CO)2Wt
CCHCtMo(CO)2Tp′]1- anion (4)15 (eq 2) which can be ob-
served in the13C NMR spectrum. The carbyne carbons appear

as doublets at 313.7 and 298.1 ppm with2JCH ) 4.9 and 3.6
Hz, respectively. The central carbon is a doublet at 129.1 ppm
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Calcd for B2C37H46N12Mo2O4: C, 47.46; H, 4.95; N, 17.95. Found: C,
47.63; H, 4.99; N, 17.73.
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with 1JCH ) 152 Hz. Addition of MeI to this anion yields the
monomethylated product Tp′(CO)2WtCCH(Me)CtMo(CO)2Tp′
(5)16 (eq 2). The added methyl appears as a doublet at 1.7 ppm,
and the methine proton is a quartet at 4.2 ppm in the1H NMR
spectrum (3JHH ) 7 Hz); disruption of the mirror symmetry leads
to six unique signals for the aromatic Tp′ pyrazole protons, and
all of the Tp′ methyl signals are also distinct.
Surprisingly, 2 equiv of KOBut removes both protons from

the bridging carbon to form a dianion, [Tp′(CO)2WdCdCdCd
Mo(CO)2Tp′]2- (6)17 (eq 3). In the1H NMR spectrum (THF-

d8), two distinct sets of Tp′ signals are observed with retention
of a molecular mirror plane. The13C NMR spectrum supports
the dianion assignment with metal-bound carbon resonances at
238.4, 234.4, 230.4, and 226.9 ppm (s, WdCdC, ModCdC,
WCtO and MoCtO) along with the central carbon at 153.8
ppm (s, WdCdCdCdMo). Acid regenerates starting material
while addition of excess MeI yields the dimethylated complex
Tp′(CO)2WtCC(Me)2CtMo(CO)2Tp′ (7)18 (eq 3). There is
a mirror plane of symmetry evident in the NMR spectra with
the central methyls appearing at 1.78 ppm in the1H NMR
spectrum and at 27.3 ppm (qq,1JCH ) 130 Hz,2JCH ) 4 Hz,
CC(CH3)2C) in the 13C NMR spectrum. The central carbon
resonates at 75.6 ppm (CC(Me)2C) while carbyne signals appear
at 298 (s, MotC-) and 295 (s,1JWC ) 195 Hz, WtC-).
Treating2 with 2 equiv of KOBut followed by exposure to

air yields the green mixed-valent dimer Tp′(CO)2MotCCtCMo-
(O)2Tp′ (8)19 (eq 4). Here a Mo(II) metal center is connected

to a Mo(VI) metal center through a C3 bridge. Carbonyl
stretching frequencies areνMosCO ) 1983 and 1897 cm-1, and

metal-oxo stretches are atνModO ) 928 and 895 cm-1. Two
distinct sets of Tp′ signals, each indicating a mirror plane, are
observed in the1H and 13C NMR spectra. Signals at 252.8
(MotC-) and 122.7 and 113.9 (MotCCtCMo) ppm in the
13C NMR spectrum characterize this C3 bridge.
Similarly, in the presence of base,3 can be oxidized with air

to form two new bimetallic complexes which can be separated
by column chromatography (eq 5). The major product is Tp′-

(CO)2WtCCtCMo(O)2Tp′ (9),20 a green solid which is brown
in solution. Carbonyl stretching frequencies areνWsCO ) 1971
and 1877 cm-1, and metal-oxo stretches come atνModO ) 925
and 892 cm-1. In the13C NMR spectrum, signals at 246 ppm
(WtC-) and 130 and 120 ppm (WtCCtCMo) mimic the
dimolybdenum13C NMR chemical shifts. A minor product in
this reaction is Tp′(O)2WCtCCtMo(CO)2Tp′ (10)21 (green,
νMosCO ) 1985, 1904 cm-1, νWdO ) 947, 904 cm-1). Oxida-
tion of 3with air during chromatography on alumina also leads
to the formation of minor amounts of9 and10 along with a
small amount of a third product, the ketone-bridged complex
Tp′(CO)2WtCC(O)CtMo(CO)2Tp′ (11)22 (green,νCO) 2016,
1991, 1928, 1906 cm-1) (eq 6). A signal at 183 ppm in the

13C NMR is diagnostic for the ketone.23 In a more rational
synthesis, ketone11 was prepared by reaction of6 with
2-(phenylsulfonyl)-3-phenyloxaziridine24 followed by treatment
with HCl. Oxidation of the methylene bridge to a ketone is
possible due to activation by the flanking carbyne units.
High-yield formation of Tp′(CO)2MtCCH2CtMo(CO)2Tp′

provides an exciting generator for derivative dinuclear chemistry
with three carbon atoms linking two metals.
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(13) Tp′(CO)2WtCCH2CtMo(CO)2Tp′ (3). Yield: 58%. IR (KBr):
1986, 1973, 1894, 1878 cm-1. (νCO). 1H NMR (250 MHz, CDCl3): δ 4.21
(s, 2 H,3JWH ) 7 Hz, CCH2C). 13C NMR (100.56 MHz, CDCl3): δ 287.5
(s, MotC-), 273.5 (s, WtC-), 225.0 (s, MoCtO), 223.2 (s, WCtO),
70.1 (t, 1JCH ) 129 Hz, 2JWC ) 41 Hz, CCH2C). Anal. Calcd for
B2C37H46N12MoO4W: C, 43.39; H, 4.53; N, 16.41. Found: C, 43.50; H,
4.51; N, 16.31.

(14) The-CH2- protons of4 in the presence of Et3N exchanged with
added D2O to give-CD2- within 15 min.

(15) [K][Tp′(CO)2WtCCHCtMo(CO)2Tp′] (4). 13C NMR (100.56
MHz, THF, C6D6): δ 313.7 (d,2JCH ) 4.9 Hz, MotC-) 298.1 (d,2JCH )
3.6 Hz, WtC-), 231.4 (s,1JWC ) 172 Hz, WCtO), 229.6 (s, MoCtO),
129.1 (d,1JCH ) 152 Hz, CCHC).

(16) Tp′(CO)2WtCCH(CH3)CtMo(CO)2Tp′ (5). Yield: 27%. IR
(KBr): 1982, 1968, 1886, 1874 cm-1 (νCO). 1H NMR (250 MHz, CD2Cl2):
δ 4.25 (q, 1 H,3JHH ) 7 Hz, 3JWH ) 4 Hz, CCH(CH3)C), 1.70 (d, 3 H,
3JHH ) 7 Hz, CCH(CH3)C); 13C NMR (100.56 MHz, CD2Cl2): δ 294.6 (s,
MotC-), 281.0 (s, WtC-), 226.6, 225.3, 224.5, 223.3 (s, 2 WCtO, 2
MoCtO), 74.3 (dq,1JCH ) 129 Hz,3JCH ) 5 Hz, 2JWC ) 38 Hz, CCH-
(CH3)C); the added methyl signal appears with the Tp′ methyls between
17.4 and 12.8 ppm.

(17) [K]2[Tp′(CO)2WdCdCdCdMo(CO)2Tp′] (6). 13C NMR (100.56
MHz, THF, C6D6): δ 238.4, 234.4, 230.4, 226.9 (s, WdC-, ModC-,
WCtO, MoCtO), 153.8 (s, ModCdCdCdW).

(18) Tp′(CO)2WtCC(CH3)2CtMo(CO)2Tp′ (7). Yield: 52%; IR
(KBr): 1985, 1970, 1893, 1874 cm-1 (νCO). 1H NMR (250 MHz, CDCl3):
δ 1.78 (s, 6 H, CC(CH3)2C); 13C NMR (100.56 MHz, CDCl3): δ 298 (s,
MotC-), 285 (s,1JWC ) 195 Hz, WtC-), 226 (s, MoCtO), 224 (s,
1JWC ) 170 Hz, WCtO), 75.6 (m, CC(Me)2C), 27.3 (qq,1JCH ) 130 Hz,
3JCH ) 4 Hz). Anal. Calcd for B2C39H50N12MoO4W: C, 44.51; H, 4.79; N,
15.97. Found: C, 44.57; H, 4.80; N, 15.86.

(19) Tp′(CO)2MotCCtCMo(O)2Tp′ (8). Yield: 84%. IR (KBr): 1983,
1897 cm-1 (νMosCO), 928, 895 cm-1 (νModO). 13C NMR (100.56 MHz,
CDCl3): 252.8 (s, MotC-), 228.1 (s, MoCO), 122.7, 113.9 (s,
MoCtCCtMo). Anal. Calcd for B2C35H44N12Mo2O4: C, 46.18; H, 4.87;
N, 18.46. Found: C, 46.42; H, 4.94; N, 18.19.

(20) Tp′(CO)2WtCCtCMo(O)2Tp′ (9). Yield: 69%. IR (KBr): 1971,
1877 cm-1 (νWsCO), 925, 892 cm-1 (νModO). 13C NMR (100.56 MHz,
CDCl3): δ 246 (s, WtC-), 226 (s,1JWC ) 160 Hz,WCtO), 129.9, 120.1
(s, MoCtCCtW). Anal. Calcd for B2C35H44N12MoO4W: C, 42.11; H,
4.44; N, 16.84. Found: C, 42.16; H, 4.47; N, 16.64.

(21) Tp′(O)2WCtCCtMo(CO)2Tp′ (10). Yield: 5%. IR (KBr): 1985,
1904 cm-1 (νMosCO), 947, 904 cm-1 (νWdO). 13C NMR (100.56 MHz,
CDCl3): δ 253 (s, MotC-), 228 (s, MoCO), 124.4, 119.9 (s,
WCtCCtMo).

(22) Tp′(CO)2WtCC(O)CtMo(CO)2Tp′ (11). Yield: 17% (with the
Davis oxaziridine reagent). IR (KBr): 2016, 1991, 1928, 1906 cm-1 (νCO).
13C NMR (100.56 MHz, CDCl3): δ 282.3, 274.3 (s, WtC- and MotC-
), 227.0 (s, MoCO), 225.7 (s,1JWC ) 162 Hz, WCO), 183.3 (s, CC(dO)C).
Anal. Calcd for B2C37H44N12MoO5W: C, 42.80; H, 4.27; N, 16.19.
Found: C, 42.67; H, 4.27; N, 16.07.

(23) StretchesνCtC for 8, 9, and10 andνCdO for 11were not observed
upon inspection of the infrared spectra.

(24) Davis, F. A.; Stringer, O. D.J. Org. Chem.1982, 47, 1774-1775.

Communications to the Editor J. Am. Chem. Soc., Vol. 118, No. 31, 19967419

+ +


