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Organometallic complexes with metal centers joined Ry C
bridges, wheren = 1-6 and 8, have been report&d. The
recent review of hydrocarbon bridges in transition metal

complexes by Beck is particularly relevant to the work described

here’@ In this Communication we report the synthesis and
characterization of complexes which havgltidging units with
metal-carbon triple bonds. In particular, methylene-bridged
biscarbyne molecules serve as vehicles to prepateridged
complexes THCO),Mo=C-C=CMo(O),Tp, TP (COpW=CC=
CMo(O)Tp', and Tp(O),WC=CC=Mo(CO)Tp' (Tp' = hy-
dridotris(3,5-dimethylpyrazolyl)borate) as well as the ketone
complex THCORLW=CC(O)C=Mo(CO)Tp'.

Examples of metals bridged by & Gnit have only recently
been communicatet.Gladysz reported the synthesis of mixed-
metal complexes with a £bridge which takes advantage of
the nucleophilic nature of Cp*(CGReCG=CLi and utilizes
Fischer carbene to carbyne conversion chemitrifhe G-
bridged complex [Cp*(CQReG=CC=Mn(COLCp]T[BF4]~
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also reflects a contribution from the cumulene resonance form
[Cp*(CO)sRe=C=C=C=Mn(CO),Cp]*[BF4]".

A Cj3 skeleton linking two metals can be assembled from
complementary carbyne reagents. Metal vinylidene complexes
L,M=C=CRR are nucleophilic at the carbghto the metal
Deprotonation of THCO,Mo=CCH; generates a vinylidene
anion, observed by IR and NMR spectroscofiesyich reacts
with electrophiles to yield derivative carbyne compleXes.
Reaction of this molybdenum vinylidene anion with' {O),-
Mo=CCl (1),'* known to undergo nucleophilic substitution of
chloride®@yields the yellow dimeric complex T(CO)Mo=
CCH,C=Mo(CO)Tp' (2)*? (eq 1). Four metatcarbonyl

1) KOBu'
Tp'(CO)oM=C-CHg + Tp'(CO)sMo=C-Cl T

1 2, M= Mo
3,M=W

Tp'(CO)M=C-CH,-C=Mo(CO),Tp'

(M

stretches are observed in the IR spectrugy(= 2008, 1985,
1910, 1900 cml). Diagnostic NMR signals include a singlet
at 4.27 ppm (2 H-CH,—) in theH NMR spectrum and signals
at 284.7 ppm (2Jcy = 8 Hz, Mo=CCH,C=Mo) and 68.5 ppm
(t, YWen = 130 Hz, Me=CCH,C=Mo) in the 3C NMR
spectrum. A 2:1 NMR pattern for the Tpyrazole 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 [THCO)W=C=CH,]~ with 1 forms a bright
yellow, methylene-bridged complex, TEO)LW=CCH,C=
Mo(CO)Tp' (3)13(eq 1). Four carbonyl stretches are observed
in the IR spectrumico = 1986, 1973, 1894, 1878 ci¥). There
is a mirror plane of symmetry in the NMR spectra with distinct
Tp' signals for each half of the molecule. Th&CH,— proton
signal appears at 4.21 ppfdy = 7 Hz) while the methylene
carbon resonates at 70 ppmiey = 129 Hz,2Jwc = 41 Hz).
The —CH,— unit is relatively acidi¢* due to resonance
stabilization of the anion.

Tp'(CO),W=C-CH=C=Mo(CO),Tp' Tp'(CO)W=C=CH-C=Mo(CO),Tp'

Reaction of3 with 1 equiv of KOBUyields the [T)(CORW=
CCHG=Mo(CO)Tp']*~ anion @) (eq 2) which can be ob-
served in thé3C NMR spectrum. The carbyne carbons appear

H
|
Tp'(C0)oW=C-C-C=Mo(CO),Tp'

1 KOBu'
Tp'(CO),W=C-CHp-C=Mo(CO),Tp'

3 4

Mel

2

1T

Tp/(CO)W=C-C-C=Mo(CO),Tp'
Me
5

—

as doublets at 313.7 and 298.1 ppm willay = 4.9 and 3.6
Hz, respectively. The central carbon is a doublet at 129.1 ppm
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(12) Tg(COLMo=CCH,C=Mo(CO)Tp' (2). Yield: 68%. IR (KBr):
2008, 1985, 1910, 1900 crh (vmo—co). *H NMR (250 MHz, CDC{;%: 0
4.27 (s, 2 H, CEl,C). 13C NMR (100.56 MHz, CDG): 6 284.7 (t,%Jcn
= 8 Hz, Mo=C-), 225.1 (s, M&=O0), 68.5 (t,%Jcy = 130 Hz). Anal.
Calcd for BCs7HaeN12M0204: C, 47.46; H, 4.95; N, 17.95. Found: C,
47.63; H, 4.99; N, 17.73.
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with ey = 152 Hz. Addition of Mel to this anion yields the
monomethylated product TRO),W=CCH(Me)G=Mo(CO),Tp'
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metal-oxo stretches are ati,—o0 = 928 and 895 cm!l. Two
distinct sets of Tpsignals, each indicating a mirror plane, are

(5)16(eq 2). The added methyl appears as a doublet at 1.7 ppm,observed in théH and 13C NMR spectra. Signals at 252.8

and the methine proton is a quartet at 4.2 ppm inlthélMR
spectrum{Jun = 7 Hz); disruption of the mirror symmetry leads
to six unique signals for the aromatic Tgyrazole protons, and
all of the Tg methyl signals are also distinct.

Surprisingly, 2 equiv of KOBuUremoves both protons from
the bridging carbon to form a dianion, [TBO)W=C=C=C=
Mo(COXTp'1%~ (6)17 (eq 3). In the'H NMR spectrum (THF-

2 KOBU'

2-
Tp'(CO),W=C-CHp-C=Mo(CO),Tp' —— > [Tp'(CO)2W=C=C=C=MO(CO)2Tp']

3 6

xs Mel

(©)
Me
Tp'(CO)2WzC-é-(‘;Mo(CO)QTp'
Ve
7

d8), two distinct sets of Tpsignals are observed with retention
of a molecular mirror plane. ThEC NMR spectrum supports

(Mo=C-) and 122.7 and 113.9 (MeCC=CMo) ppm in the
13C NMR spectrum characterize thig Gridge.
Similarly, in the presence of basg¢an be oxidized with air
to form two new bimetallic complexes which can be separated
by column chromatography (eq 5). The major product is Tp

Tp'(CO),W=C-C=C-MoTp'
\
1) 2 KOBU' 9 o//Nko

TP|(CO)W=C-CH-C=Mo(COTP' 5 .

(6)

3
p'W-C=C-C=Mo(CO),Tp'
7\ (CO)2

[Oe] 10

(CORW=CC=CMo(O)Tp (9),2°a green solid which is brown

in solution. Carbonyl stretching frequencies ajg-co = 1971
and 1877 cm?, and metal-oxo stretches comevat—o = 925
and 892 cm?. In the13C NMR spectrum, signals at 246 ppm
(W=C-) and 130 and 120 ppm (#%CC=CMo) mimic the
dimolybdenumt3C NMR chemical shifts. A minor product in
this reaction is T{O),WC=CC=Mo(CO)Tp' (10)?* (green,
YMo—co = 1985, 1904 cm?, vw—o = 947, 904 cm?). Oxida-
tion of 3 with air during chromatography on alumina also leads

the dianion assignment with metal-bound carbon resonances at0 the formation of minor amounts & and 10 along with a

238.4, 234.4, 230.4, and 226.9 ppm (ss9@=C, Mo=C=C,
WC=0 and MoG=0) along with the central carbon at 153.8
ppm (s, W=C=C=C=Mo). Acid regenerates starting material
while addition of excess Mel yields the dimethylated complex
Tp' (CORW=CC(Me)C=Mo(CO)%Tp' (7)'8 (eq 3). There is
a mirror plane of symmetry evident in the NMR spectra with
the central methyls appearing at 1.78 ppm in the NMR
spectrum and at 27.3 ppm (qtlch = 130 Hz,2Jcy = 4 Hz,
CC(CH3),C) in the 13C NMR spectrum. The central carbon
resonates at 75.6 ppmQ@Q@Me),C) while carbyne signals appear
at 298 (s, Me=C—) and 295 (slJwc = 195 Hz, W=C-).
Treating2 with 2 equiv of KOBLU followed by exposure to
air yields the green mixed-valent dimer'{@O)Mo=CC=CMo-
(O).Tp' (8)!° (eq 4). Here a Mo(ll) metal center is connected
Tp'(CO)Mo=C-CHy-C=Mo(CO),Tp' ;;%Eﬁ;;— Tp'(CO)QWEC-CSC-}\Ang'
2 8 [Se)

(4)

to a Mo(VI) metal center through asCbridge. Carbonyl
stretching frequencies arg,—co = 1983 and 1897 cnt, and

(13) TP(CORW=CCH,C=Mo(CO)Tp' (3). Yield: 58%. IR (KBr):
1986, 1973, 1894, 1878 cth (vco). *H NMR (250 MHz, CDC): 6 4.21
(s, 2 H,33wn = 7 Hz, COH,C). 1°C NMR (100.56 MHz, CDGJ): 8 287.5
(s, Mo=C-), 273.5 (s, WeC—), 225.0 (s, M&=0), 223.2 (s, \C=0),
70.1 (t, ey = 129 Hz, 2Jwc = 41 Hz, QCH,C). Anal. Calcd for
B2CarHagN12MoOsW: C, 43.39; H, 4.53; N, 16.41. Found: C, 43.50; H,
4.51; N, 16.31.

(14) The—CH,— protons of4 in the presence of Bl exchanged with
added DO to give —CD,— within 15 min.

(15) [K][Tp'(CORLW=CCHC=Mo(CO)Tp] (4). 3%C NMR (100.56
MHz, THF, GsDe): 6 313.7 (d,2Jcn = 4.9 Hz, M=C—) 298.1 (d,2Jch =
3.6 Hz, W=C~), 231.4 (s{wc = 172 Hz, WC=0), 229.6 (s, ME€=O0),
129.1 (d,cn = 152 Hz, CCHC).

(16) Tp(CO)ZWECCH(CHg)CEMo(COBZTp’ (5). Yield: 27%. IR
(KBr): 1982, 1968, 1886, 1874 cm (vco). *H NMR (250 MHz, CDCly):
0 4.25 (9, 1 H,%3un = 7 Hz, 33wy = 4 Hz, CAH(CH3)C), 1.70 (d, 3 H,
3Jun = 7 Hz, CCH(QH3)C); 13C NMR (100.56 MHz, CRCly): 6 294.6 (s,
Mo=C-), 281.0 (s, W=C—), 226.6, 225.3, 224.5, 223.3 (s, 2GA=O, 2
MoC=0), 74.3 (dq,"Jcn = 129 Hz,3Jcy = 5 Hz, Zwc = 38 Hz, QCH-
(CHs3)C); the added methyl signal appears with theé thyls between
17.4 and 12.8 ppm.

(17) [K]o[Tp'(CORpW=C=C=C=Mo(CO),Tp] (6). 13C NMR (100.56
MHz, THF, GDe): 0 238.4, 234.4, 230.4, 226.9 (s,*C—, Mo=C—,
WC=0, MoC=0), 153.8 (s, Me=C=C=C=W).

(18) TP(CORLW=CC(CHs).C=Mo(CO)Tp' (7). Yield: 52%; IR
(KBr): 1985, 1970, 1893, 1874 crh (vco). *H NMR (250 MHz, CDCH):
0 1.78 (s, 6 H, CC(El3)2C); *C NMR (100.56 MHz, CDGJ): o 298 (s,
Mo=C-), 285 (s,%wc = 195 Hz, W=C—), 226 (s, MC=0), 224 (s,
Lwe = 170 Hz, WC=0), 75.6 (m, ©(Me).C), 27.3 (qq.Jcn = 130 Hz,
3Jch = 4 Hz). Anal. Calcd for BCagHsoN12MoOsW: C, 44.51; H, 4.79; N,
15.97. Found: C, 44.57; H, 4.80; N, 15.86.

small amount of a third product, the ketone-bridged complex
Tp' (CORLW=CC(O)G=Mo(CO)Tp' (11)??(greenyco = 2016,
1991, 1928, 1906 cm) (eq 6). A signal at 183 ppm in the

alumina Il
9 + 10 + Tp'(CO)W=C-C-C=Mo(CO),Tp'

(6)

Tp'(CO),W=C-CHp-C=Mo(CO),Tp'
3 1

13C NMR is diagnostic for the ketorf8. In a more rational
synthesis, ketonell was prepared by reaction & with
2-(phenylsulfonyl)-3-phenyloxazirididéfollowed by treatment
with HCI. Oxidation of the methylene bridge to a ketone is
possible due to activation by the flanking carbyne units.

High-yield formation of T)(CO),M=CCH,C=Mo(CO),Tp'
provides an exciting generator for derivative dinuclear chemistry
with three carbon atoms linking two metals.
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(19) TP(CO)Mo=CC=CMo(O),Tp' (8). Yield: 84%. IR (KBr): 1983,
1897 cm! (vmo—co), 928, 895 cm! (vme=0). *C NMR (100.56 MHz,
CDCl3): 252.8 (s, Me=C-), 228.1 (s, M€&€O), 122.7, 113.9 (s,
MoC=CC=Mo). Anal. Calcd for BCzsH44N1,M0,04: C, 46.18; H, 4.87;
N, 18.46. Found: C, 46.42; H, 4.94; N, 18.19.

(20) TP(CORW=CC=CMo(O)Tp' (9). Yield: 69%. IR (KBr): 1971,
1877 cmt (vw—co), 925, 892 cm? (vmo=0). 1°C NMR (100.56 MHz,
CDCly): 6 246 (s, W=C—), 226 (s,\Jwc = 160 Hz, WC=0), 129.9, 120.1
(s, MoC=CC=W). Anal. Calcd for BCzsH44sN1;M0oO,W: C, 42.11; H,
4.44; N, 16.84. Found: C, 42.16; H, 4.47; N, 16.64.

(21) TP(0)WC=CC=Mo(CO)Tp' (10). Yield: 5%. IR (KBr): 1985,
1904 cmt (vmo—ca), 947, 904 cmt (vw=o0). 1°C NMR (100.56 MHz,
CDCly): 6 253 (s, Me=C—), 228 (s, McO), 124.4, 119.9 (s,
WC=CC=Mo).

(22) TP(CO)LW=CC(O)G=Mo(CO)Tp' (11). Yield: 17% (with the
Davis oxaziridine reagent). IR (KBr): 2016, 1991, 1928, 1906 t(nco).
13C NMR (100.56 MHz, CDGJ): ¢ 282.3, 274.3 (s, WC— and Mc=C—
), 227.0 (s, M&O), 225.7 (sXwc = 162 Hz, WCO), 183.3 (s, C(=0)C).
Anal. Calcd for BC3HaN12M0oOsW: C, 42.80; H, 4.27; N, 16.19.
Found: C, 42.67; H, 4.27; N, 16.07.

(23) Stretchesc=c for 8, 9, and10 andvc=c for 11 were not observed
upon Iinspection of the infrared spectra.

(24) Davis, F. A,; Stringer, O. Dl1. Org. Chem1982 47, 1774-1775.




