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Diverse forms of elemental carbon (C,) have been incorporated
intostable transition-metal complexes. Representative examples
include single carbon atoms entombed in polymetallic clusters,
C¢o and related allotropes bound as w-ligands, and unsupported
C, and C, chains spanning two metals.!-5 In addition to their
intrinsic appeal as basic research objectives, such compounds
have promising materials and catalytic properties.t’

Recently, several complexes have been prepared that contain
unsupported C, chains linking two transition metals.’ However,
complexes with C; or higher odd-membered chains are unknown.
We sought to develop methodology that would allow this class
of compounds to be accessed. In particular, we have shown that
transition-metal ethynyl complexes, L,MC==CH, can react with
strong organolithium bases to give C, derivatives L,MC=C-Li*
(I). Thesecan be functionalized by electrophiles in high yields.4#
Hence, we planned to append a third carbon by elaboration to
bimetallic Fischer carbene complexes containing C;OMe units
(II), as shown in Scheme I. Methoxy groups have been previously
abstracted from many Fischer carbene complexes, giving either
cationic or neutral carbyne complexes.® In the case of II, this
would yield the C; adduct III, to which the fully cumulated
resonance form IV might make a structural contribution.

Thus, the rhenium/lithium C, species (n°-CsMes)Re(NO)-
(PPh;)(C=CLi) (1) was generated as reported earlier8 and treated
with the carbonyl complexes W(CO)¢, Fe(CO)s, and Mn(CO);-
(#n*-CsHs). Subsequent additions of Me;O*BF,~ gave the
bimetallic alkynyl Fischer carbene complexes (n5-CsMes)Re-
(NO)(PPh;)(C=C—C(OMe)=)M(CO),(n*-CsHs),(M/x/y =
2, W/5/0; 3, Fe/4/0; 4, Mn/2/1) in 67-73% yields, as
summarized in Scheme II.

Complexes 2-4 were characterized by microanalysis and IR,
NMR ('H, 13C, 3!P), and mass spectroscopy.!? Their structures
followed readily from these data, which included mass spectral
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Scheme I. Bimetallic C; Complexes. Synthetic Strategy
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Scheme II. Syntheses of C;0Me and C; Complexes
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parent ions. The IR ve=c (2/3/4 2061/2041/1968 cm™!, m-s)
and vco absorptions were assigned by comparisons with other
Fischer carbene complexes, including C=C derivatives.'! The
13C NMR spectra showed downfield CM (ppm, C¢Ds: 253.2 (d,
Jep = 3 Hz, Jow = 93 Hz), 256.6 (s), 283.9 (s)] and ReCC
resonances [C,/C; 204.9 (d, Jcp = 12 Hz)/157.5 (s, Jcw = 10
Hz), 204.0 (d, Jep = 13 Hz)/152.0 (s), 166.8 (d, Jcp = 14 Hz)/
146.2 (s)]. However, the ReC, chemical shifts and IR pno values
(1674-1648 cm!, s) were intermediate between those of alkynyl
complexes (n°-CsMes)Re(NO)(PPh;)(C==CR) [98-86 ppm (d,
Jcp = 16-18 Hz); 1629-1637 cm™') and vinylidene complexes
[(n5-CsMes)Re(NO)(PPh;)(=C=CRR’)]*BF,~ [329 ppm (d,
Jcp = 10-11 Hz); 1681-1698 cm'].8 These and other data
suggested contributions by zwitterionic *Re=C==C=C-
(OMe)-M- resonance forms.

Thus the crystal structure of 2 was determined (Figure 1).'°
The ReC bond length (1.973(7) A) was between those of (-

H;)Re(NO)(PPh;)(C=CCHj3) and [(°-CsH;)Re(NO)-
(PPh3)(=C==CH(1-naphthyl) ]*PFs~ (2.066(7), 1.84(2) A),"?
which provide models for the limiting Re-C=C-C(OMe)=W
and *Re=C=C==C(OMe)-W- resonance forms. Also, the
C-C(OMe) bond in 2 (1.38(1) A) was shorter than the C-CH;
bond in (7%-CsHs)Re(NO)(PPh;)(C=CCHj;) (1.48(1) A) and
the R—C(OR’) bonds in tungsten carbene complexes (RC-
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Figure 1. Structures of 2 (top) and the cation of a CH;Cl; hemisolvate
of 5 (bottom). Selected bond lengths (A) and angles (deg): 2, Re-C40
1.973(7), C40-C41 1.23(1), C41-C42 1.38(1), C42-02 1.353(9), C42-W
2.200(8), Re~P 2.398(2), Re-C40~-C41 172.3(7), C40-C41-C42 174.5-
(8), C41-C42-02 116.5(7), C41-C42-W 128.1(6); 5«(CH,Cly)p5 (two
independent cations), Re~C401.92(1)/1.93(1), C40-C411.26(2)/1.28-
(2), C41~C42 1.32(2)/1.28(2), C42-Mn 1.75(2)/1.75(2), Re-P 2.413-
(4)/2.410(4), Re-C40-C41 173(1)/175(1), C40-C41-C42 175(2)/
170(2), C41-C42-Mn 178(1)/178(2).

(OR)=)W(CO); (1.48-1.52 A).!3 These trends indicate that
the zwitterionic resonance form is a significant but not dominant!4
structural contributor.

Despite abundant literature precedent,’ repeated attempts to
remove the methoxy group from 2 were unsuccessful. However,
BF; gas has been previously shown to convert manganese carbene
complexes (RC(OR")==)Mn(CO),(n-CsH;) to cationic carbyne
complexes [(RC=)Mn(CO),(n*-CsH;)]*BF.!* Accordingly,
reaction of 4 and BF; gave the target C; complex [(n°-CsH;s)Re-
(NO)(PPh;3)(CCC)Mn(CO),(n3-CsH;)]*BF -~ (5) in 95% yield
after workup (Scheme II).

Complex § was characterized analogously to 2-4.'° The FAB
mass spectrum gave a strong ion for the cation, and the '*C NMR
spectrum showed ReC, CCC, and CMn resonances at 194.9 (d,
Jcp = 12.3 Hz), 169.9, and 286.4 ppm. The IR »no absorption
(1701 (s) cm™') was in the region noted above for *Re=C=C
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Figure 2. UV/visible spectra of 4 and 5§ (CH,Cl,, ambient temperature,
3.0-3.9 X 10-5 M).

complexes, and bands at 2037 (s), 1987 (s), and 1889 (vs) were
assigned as vco, vco, and ve=c Or vccc, respectively. The CMn
13CNMR peak was closer to those of manganese propadienylidene
complexes (R,C=C=C==)Mn(CO),(n*-CsH;) (305-331 ppm)'6
than to those of carbyne complexes [(RC=)Mn-
(CO)2(n*-CsHs)]*X- (356-357 ppm).!” These and other data
suggested a dominant structural contribution by the fully
cumulated *Re==C=C=C=Mn resonance form 5b (Scheme
ID).

Thus, the crystal structure of § was determined (Figure 1).!°
Two independent cations with similar metrical parameters were
found in the unit cell. The six MCCand CCC bond anglesranged
from 170(2)° to 178(2)° for an essentially linear ReCCCMn
linkage. The four CC bonds ranged from 1.26(2) to 1.32(2) A,
indicative of predominant double bond character.!®* The ReC
bonds (1.92-1.93(1) A) were shorter than that in 2, and the MnC
bonds (1.75(2) A) were closer to that in a propadienylidene
complex (R,C=C=C=)Mn(CO),(n°-CsH;s) (1.806(6) A)"
than to that in a vinyl-substituted carbyne complex [(R,-
C=CHC=)Mn(CO),(7’-CsHs)]*BF, (1.665(5) A).2® Hence,
Sb best represents the structure of the C; complex.

The physical and chemical properties of 5 are under investi-
gation. For example, the UV /visible spectrum (Figure 2) shows
an extremely strong absorption at 392 nm and a weaker one at
484 nm (e 56 000, 3700 M~! cm!). Complexes 24 also give
visible absorptions, asillustrated for 4 (446 nm, ¢ 9700 M-! cm™!).
We speculate that some of these arise from charge transfer from
rheniumto the other metal center. Extensions of our methodology
to other novel forms of coordinated carbon, and additional
properties of 25, will be reported in the near future.222

Supplementary Material Available: Characterization of 2--5;
tables of crystallographic data and structural parameters for 2
and 5 (16 pages); listing of observed and calculated structure
factors (43 pages). Ordering information is given on any current
masthead page.
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