
Communications to the Editor

Synthesis and Characterization of a Terminal
Borylene (Boranediyl) Complex

Alan H. Cowley,* Viviana Lomelı´, and Andreas Voigt

Department of Chemistry and Biochemistry
The UniVersity of Texas at Austin

Austin, Texas 78712

ReceiVed February 25, 1998

The chemistry of terminal boryl (R2B) complexes has blos-
somed into an area of considerable current interest because of
the involvement of such species in the transition metal catalyzed
diboration of alkenes and alkynes.1 It is somewhat surprising,
therefore, that structurally authenticated terminal borylene (RB)
complexes have not been described in the literature,2 particularly
since analogous RE complexes of the remaining group 13
elements have been isolated and characterized by X-ray diffrac-
tion.3 In planning a synthetic approach to a terminal borylene
complex, we opted to employ the Me5C5 ligand on the basis that
it would afford adequate steric shielding of and electron release
to the boron center. As a further point of interest, we were aware
that the cluster [B(C5Me5)]n is the only missing member of the
series [E(C5Me5)]n (E ) Al, Ga, In, Tl).4,5

Treatment of 1.69 g (7.8 mmol) of (Me5C5)BCl26 with 1.92 g
(7.8 mmol) of K2[Fe(CO)4]7 in 60 mL of toluene at-78 °C,
followed by slow warming to 25°C and filtration, resulted in a
dark brown colored solution from which 0.72 g (30% yield) of
colorless crystals (mp 155°C, dec.) deposited following concen-
tration and storage at 0°C for 1 week. Elemental analysis and
HRMS data for the crystalline material (1) corresponded to the
empirical composition [(Me5C5)BFe(CO)4], and the pattern of CO
stretching frequencies in the IR spectrum (2018, 1938, 1908, and
1884 cm-1) was indicative of an Fe(CO)4 moiety of C3V
symmetry.8 The 11B NMR chemical shift ofδ ) -35.3 was
significantly different from those reported for bridged borylene
complexes9 (e.g., [{(η5-MeCp)Mn(CO)2}2µ-BR], R ) NMe2, δ
) 103; R) t-Bu, δ ) 170) and suggestive of terminal attachment
of the Me5C5B fragment. The equivalence of the Me5C5 methyl

groups in the1H and 13C{1H} NMR spectra8 down to -78 °C
suggested anη5-bonding mode to boron. However, since cyclo-
pentadienyl-substituted boranes undergo facile sigmatropic shifts,6

an X-ray crystal structure was desirable. The solid state of (η5-
Me5C5)BFe(CO)4 (1) comprises isolated molecules with no short
intermolecular contacts (Figure 1).10 Each molecule is located
on a crystallographic mirror plane which contains the iron atom,
the axial carbonyl ligand, one of the equatorial carbonyl ligands,
the boron atom, and one of the ring CMe moieties. Of primary
importance is the fact that the Cp*-borylene unit is bonded to
the 16-electron Fe(CO)4 fragment in a terminal fashion. The iron
atom adopts the traditional trigonal bipyramidal geometry, and
the borylene fragment is located in an axial position. The B-Fe
bond length of 2.010(3) Å falls between those reported for the
boryl complexes CpFe(CO)2BCat (1.959(6) Å)11 and [Fe(CO)4-
(BCat*)2] (2.028(7) Å; BCat* ) -BO2C6H3-4-t-Bu),12 both of
which feature a bond order of unity. The other salient structural
facet relates to the observation that the C5Me5 group isη5-bonded
to boron. To our knowledge, the only other example of a
crystallographically characterized compound with this bonding
mode is the B(III) cation [BBr(η5-C5Me5)]+ for which the average
B-C distance is 1.683 Å.13 The observation of a longer average
B-C distance in1 (1.814(4) Å) is consistent with (a) the absence
of a positive charge and (b) with the assignment of a formal
oxidation state of+1 to boron. The ring centroid-B-Fe
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Figure 1. Molecular structure of (η5-C5Me5)BFe(CO)4 (1) showing
the atom-numbering scheme. Important parameters: Fe-B 2.010(3)
Å, Fe-C(1) 1.774(2) Å, Fe-C(2) 1.793(3) Å, Fe-C(3) 1.786(4)
Å, B-X(1A) (ring centroid) 1.347 Å, B-C(4) 1.811(4) Å, B-C(5)
1.812(3) Å, B-C(6) 1.817(4) Å, C(4)-C(5) 1.428(3) Å, B-Fe-C(1)
85.52(8)°, B-Fe-C(3) 88.66(14)°.
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arrangement is close to linear (178.6°), and the equatorial CO
ligands are bent slightly toward the boron atom.14

The nature of the transition metal-group 13 element bonding
in REMLn complexes is a subject of current dispute, particularly
in the case of E) Ga. Basically, two bonding models have been
proposed for covalent interaction between group 13 (RE) and
transition metal (MLn) fragments, namely (i) a triple-bonded
model,A (E ) Ga),3b and (ii) a single, dative-bonded model,B
(E ) Ga).15

A double-bonded model,C, is also conceivable; however, this
would require the RE fragment to adopt a triplet state16 and, in
turn, demand a high oxidation state MLn moiety. As pointed out

above, the B-Fe distance in1 corresponds to that of a single
bond. Moreover, the CO stretching frequencies (vide supra) are
similar to those of typical two-electron donor LfFe(CO)4
complexes;17 hence, on experimental grounds we believe that, as
in the case of the aluminum analogue, (η5-C5Me5)AlFe(CO)4,3a

B is the most appropriate bonding model.
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