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Summary: The diethoxycyclopropenylidene complexes
[M(CO)5{C3(OCH2CH3)2}] (M ) Cr, Mo, W) react with
K[Fe(CO)2(Cp)] to give the bimetallic cyclopropenylidene
complexes [M(CO)5{µ2-C3(OCH2CH3)}Fe(CO)2(Cp)], but
the second ethoxide is not displaced by excess
K[Fe(CO)2(Cp)]. Spectroscopic evidence (1H NMR, 13C
NMR, and IR) as well as a X-ray crystal structure
determination of [Cr(CO)5{µ2-C3(OCH2CH3)}Fe(CO)2-
(Cp)] suggests that the central C3 ring has a great deal
of cyclopropenium character.

Transition metal complexes with pure carbon ligands
are of growing interest. This research is driven by the
hope that these new complexes may exhibit strong
structural characteristics, electrical conductivity (i.e.,
behave as “molecular wires”), nonlinear optical proper-
ties, or liquid crystalline characteristics. There are
several examples of complexes with C1, C2, C3, and C4
chains connecting two or more metals.1-4 The current
focus of much of this research is on linear Cx ligands,
complementing work on fullerenes, three-dimensional
carbon allotropes,5-8 but the organometallic chemistry
of two-dimensional carbon networks is barely
investigated.9-16 We are interested in preparing metal
complexes of small planar Cx ligands, in particular.
Recently we reported the first trimetallic complex of
cyclo-C3, [{Fe(CO)2(Cp)}3(µ3-C3)][SbF6].17 We report

here our extension of this work toward neutral cyclo-
C3 (cyclopropenylidene) complexes.
We utilized the known group 6 diethoxycycloprope-

nylidene complexes as precursors.18 The reaction of 1
equiv of potassium cyclopentadienyldicarbonylferrate
with [M(CO)5{C3(OCH2CH3)2}] (M ) Cr (1), Mo (2), W
(3)) produced bimetallic [Cr(CO)5{µ2-C3(OCH2CH3)}Fe-
(CO)2(Cp)] (4),19 [Mo(CO)5{µ2-C3(OCH2CH3)}Fe(CO)2-
(Cp)] (5),20 and [W(CO)5{µ2-C3(OCH2CH3)}Fe(CO)2(Cp)]
(6)21 (Scheme 1) in 65%, 60%, and 61% yields, respec-
tively.
An X-ray crystal structure determination22 shows that

4 has a scalene C3 ring with a chromium center, iron
center, and ethoxide bound to the vertices (Figure 1).
The Cr-Cring distance, 2.066(3) Å, falls within the range
of known chromium cyclopropenylidene complexes.18,23,24
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This bond length is appreciably shorter than a bond
between Cr and a sp2-hybridized carbon (2.21 Å)25 and
longer than those in most Fischer carbenes. Specifi-
cally, the Cr-C bond is longer than that in [Cr-
{C3(OCH2CH3)2}(CO)5] (1, 2.010(7) Å)18 but about the
same as those in the less electron-rich complexes 7 and
8 (2.05(1) and 2.071(8) Å).23,24 The trans Cr-CO bond
is shorter than the cis Cr-CO bonds, thus indicating
that the cyclopropenylidene group is a poor π-acceptor
but a good σ-donor as seen in similar Fischer carbene
complexes with strongly electron-donating substituents
on the carbene ligand.
The Fe-Cring bond length, 1.911(2) Å, falls in the

range of Fe-C bonds with some multiple character.
Compared to neutral [Fe(R)(CO)2(Cp)] compounds, the
Fe-C bond in 4 is shorter than typical Fe-Csp3 or Fe-
Csp2 single bonds (2.0-2.1 Å)26 but about the same
length as Fe-Csp bonds (1.9 Å).27,28 This bond is shorter

than in the cycloheptatrienylidene complex (9, 1.979(3)
Å)29 (Chart 1), similar to the trimetallic cyclopropenium
salt 10 (1.913(6), 1.917(6), 1.919(7) Å)17 and the cy-
clobutenylidene complex 11 (1.91(2) Å)30 but longer than
the Fe-C bond to the strong π-acceptor CCl2 (1.808-
(12) Å).31 In an 18-electron [M(CR2)(CO)2(Cp)] complex
with strong M-C π-donation, the carbene ligand lies
in the [M(CO)2(Cp)] symmetry plane, with Cp(cen-
troid)-M-C-R torsion angles of 0 and 180°. In com-
pound 4, the two torsion angles are 171.9 and -13.5°
suggesting that Fe to cyclopropenyl π-donation may be
of some importance in the structure.
The structural data of 4 would suggest that, of the

four major resonance structures of these compounds
(Figure 2), resonance form B is the most important,
followed by A and C, with D playing little to no role in
the structure.
Spectroscopic properties of 4-6 are in accord with the

solid-state structure of 4. 1H NMR and 13C{1H} NMR
spectra show single [M(CO)5], [Fe(CO)2(Cp)], and ethox-
ide environments at room temperature, indicating free
rotation about all bonds between the ligands and the
C3 ring. Both the ethoxide-Cring and group 6 metal-
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Figure 1. ORTEP plot of [Cr(CO)5{µ2-C3(OCH2CH3)}Fe-
(CO)2(Cp)] (4) showing 50% thermal ellipsoids. Selected
distances (Å): Cr-C1, 2.066(3); Fe-C2, 1.911(2); O1-C3,
1.310(3); C1-C2, 1.419(3); C1-C3, 1.367(4); C2-C3, 1.339-
(3). Selected angles (deg): Cr-C1-C2, 151.5(2); Cr-C1-
C3, 151.1(2); Fe-C2-C1, 150.4(2); Fe-C2-C3, 150.2(2);
O1-C3-C1, 150.7(2); O1-C3-C2, 146.1(3); C3-C1-C2,
57.4(2), C1-C2-C3, 59.3(2); C2-C3-C1, 63.2(2).

Scheme 1

Figure 2.

Chart 1
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Cring
13C NMR resonances of 4-6 are shifted downfield

from the resonances of the [M{C3(OCH2CH3)2}(CO)5]
compounds (Table 1).18 This observation is consistent
with the LUMO of compounds 4-6 being localized on
the C3-ring to a greater extent than in 1-3.32,33 The
13C NMR shifts of the ring carbons attached to the group
6 metal moved upfield with increasing atomic weight
of the metal (M ) Cr, 226.1 ppm; M ) Mo, 219.3 ppm;
M ) W, 207.2 ppm), which is typical of Fischer carbene
complexes.34 The solution infrared spectra (CH2Cl2)
display four characteristic carbonyl stretching absorp-
tions, tentatively assigned as two Fe-CO absorptions
at 2060, 2000 cm-1 and two group 6 M-CO absorptions
at 2050, 1920 cm-1.
While dimetal-substituted cyclopropenylidenes are

unprecedented, several monometal-substituted cyclo-
propenylidenes23,35-43 and cyclopropenium salts37-39,44,45

are known. Despite the fact that we are able to displace
the ethoxide group from 4 with NH(CH3)2 to form [Cr-

(CO)5{µ2-C3(NMe2)}Fe(CO)2(Cp)],46 we have not been
able to generate [M(CO)5(µ-C3){Fe(CO)2(Cp)}2] either by
reacting the diethoxycyclopropenylidenes 1-3 with 2
equiv of K[Fe(CO)2(Cp)] or by displacing the ethoxide
substituents from 4-6 by using K[Fe(CO)2(Cp)] in THF
at room temperature. Attempts to promote the ethoxide
loss by electrophilic activation are currently underway.
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70%): Mp 92-96 °C (dec); 1H NMR (200 MHz, C3D6O) δ 5.36 (s, 5,
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Table 1. Selected 13C-NMR Resonances of
Compounds 1-6

compd M-Cring O-Cring Fe-Cring

1 (M ) Cr) 191.74 170.73 na
2 (M ) Mo) 183.12 169.10 na
3 (M ) W) 170.21 167.01 na
4 (M ) Cr) 226.13 216.21 201.98
5 (M ) Mo) 219.33 214.78 201.76
6 (M ) W) 207.22 212.02 200.29
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