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Summary: Treatment of HfI (Me,PCH,CH,PMe,), with
potassium naphthalenide at -60 °C in 1,2-dimethoxy-
ethane followed by a low-temperature, atmospheric
pressure carbonylation provided Hf(CO),(dmpe),I, in
60-70% yield as a yellow—green crystalline substance.
This material represents the first stable derivative of the
unknown HHCO)gl, and has been characterized by a
single-crystal X-ray structure. The latter establishes the
eight-coordinate nature of the hafnium in the complex.
Much less thermally stable compounds, presumed to be
Hf(CO),(dmpe),Cl, and Zr(CO),(dmpe),I,, have also been
prepared by analogous procedures and are formulated on
the basis of their infrared spectra in the »(CO) region.

Hafnium carbonyl chemistry remains poorly explored
and has been limited to compounds containing at least one
tridentate ligand such as the cyclopentadienyl,! penta-
methylcyclopentadienyl,! indenyl,? 1,3,5-tri-tert-butyl-
benzene,® or 1,1,1-tris[(dimethylphosphino)methyl]ethane
groups. Now we report on the synthesis, isolation, and
characterization of a new type of hafnium carbonyl, Hf-
(CO)4(dmpe),l,, which is stabilized only by the bidentate
ligand 1,2-bis(dimethylphosphino)ethane (dmpe) and
iodide groups and may be considered to be the first stable
derivative of the unknown Hf(CO)¢l,. Equation 1 sum-
marizes the procedure employed for the synthesis of this
and an analogous zirconium complex. Conditions: (i)

1 1t
Hf1, (dmpe), + 2KC,oHg — — s
Hf(CO)z(dmpe)ZIZ + 2KI + 2010H3 (1)

argon, —60 °C, 1,2-dimethoxyethane, 30 min; (ii) CO (1 atm
of pressure), -60 to +20 °C, 12 h.

In a typical synthesis, treatment of a cold (60 °C) yellow
solution of HfI,(dmpe),*¢ (2.2 mmol) in 70 mL of 1,2-di-

*Dedicated to Professor J. Doyle Britton on the occasion of his
60th birthday.
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Figure 1. ORTEP plot of Hf(CO);(dmpe),l; drawn with 50%
probability thermal ellipsoids. Selected interatomic distances (A)
and angles (deg): Hf-I(1) = 2.986 (1), Hf-1(2) = 3.028 (1), Hf-C(1)
= 2.153 (7), Hf-C(2) = 2.138 (7), Hf-P(1) = 2.749 (2), Hf-P(2) =
2.748 (2), HE-P(3) = 2.752 (2), Hf-P(4) = 2.748 (2), C(1)-0(1) =
1.146 (9), C(2)-0(2) = 1.159 (9), P-C (av) = 1.82 (2), C-C (av) =
1.53 (1), Hf-C(1)-0(1) = 175.5 (6), Hf-C(2)-0(2) = 176.4 (6),
I(1)-Hf-C(1) = 148.9 (2), 1(1)-H{-C(2) = 104.6 (2), I(2)-Hf-C(2)
= 149.2 (2), [(2)-Hf-C(1) = 104.1 (2), I(1)-Hf-1(2) = 86.11 (2),
C(1)-Hf-C(2) = 81.6 (3), P(1)-Hf-P(2) = 73.17 (6), P(3)-Hf-P(4)
= 72,76 ().

methoxyethane (DME) with KC,,Hj; (4.5 mmol) in 100 mL
of DME under argon provided within minutes a dark
red-brown intermediate, presumed to be a naphthalene
complex. After exchange of argon by purified carbon
monoxide (1 atm of pressure), the reaction mixture was
stirred for 12 h and slowly warmed to room temperature.
During this time, the solution gradually turned green.
Following filtration, solvent was removed in vacuo and
pentane was added to yield a yellowish-green solid. Re-
crystallization from toluene-pentane gave a 70% yield
(1.25 g) of yellow—green crystals, which provided satis-
factory elemental analyses for the composition Hf(CO),-
(dmpe),l,.” Corresponding reductive carbonylations of
Zrl,(dmpe),’ and HfCl,(dmpe),® gave green solutions of
products believed to be Zr(CO)y(dmpe),I; and Hf(CO),-
{dmpe),Cl,.2 However, these compounds were too ther-
mally unstable to isolate as pure substances and could only
be characterized on the basis of their infrared spectra in
the »(CO) region. The latter consisted of two bands of
approximately the same positions, shapes, and relative
intensities as corresponding bands of Hf(CO),(dmpe).l,.
The analogous Hf(*3CO),(dmpe),l, (»(CO) in DME: 1841
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(8) Hf(CO),(dmpe),Cl,: IR (DME) »(CO) 1872 m, 1760 s cm™. Zr-
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m, 1734 s em™) was prepared by the same procedure with
99% 3CO. Like the previously reported (C;Me;)Hf-
(CO)4(dmpe)Cl,? solutions of Hf(CO),(dmpe),I, (1) slowly
decomposed in toluene or THF at room temperature unless
they were stored under an atmosphere of CO.

The X-ray structure of 1 is shown in Figure 1 and es-
tablishes the eight-coordinate nature of the hafnium in the
complex.!® Inspection of the coordination core of 1 sug-
gests that the geometry about hafnium is perhaps better
described as a distorted square antiprism (SAP) than a
distorted dodecahedron (DD), but the choice is not dis-
tinct.111?  Selected interatomic distances and angles for
1 are given in Figure 1. The average Hf~C(CQO) and C-O
bond distances (2.15 (3) and 1.15 (4) A, respectively) are
similar to corresponding values found for Cp,Hf(CO), and
Cp*,Hf(CO),,! but the C(1)-Hf-C(2) angle (81.6 (3)°) is
smaller than those of the hafnocene dicarbonyls, perhaps
due to the presence of the bulky dmpe ligands.!* Hf-P
bond lengths (average = 2.75 (3) A) are about the same
as those in (CsMes)Hf(CO),(dmpe)Cl (average Hf-P =
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2.760 (6) A),® while they are significantly longer than those
present in the less crowded Hf(»-C,Hg),(dmpe) (average
Hf-P = 2.69 (2) A),® which contains six- rather than
eight-coordinate hafnium.

The %P NMR spectrum of Hf(CO),(dmpe),I, contains
two resonances of the same intensity (-4.4 and -12.4 ppm)
due to coordinated dmpe at room temperature. It is
consistent with the solid-state structure, which shows two
chemically inequivalent phosphorus environments; i.e.,
P(1) and P(3) are in equivalent positions that are closer
to the two iodine atoms than those of P(2) and P(4), which
in turn are in equivalent positions that are closer to the
two carbonyl groups. (See Figure 1.) The 13C NMR
spectrum of the isotopically labeled compound, Hf-
(13CO),(dmpe),l,, exhibits a binomial pentet carbonyl
resonance at 288.2 ppm with a 3!P-13C coupling constant
of 11.2 Hz.1® Thus, despite the inequivalence of the
phosphorus atoms, the P-C coupling constants appear to
be the same. Unfortunately, the poor thermal stability of
this material in solution has obviated attempts to observe
corresponding NMR spectra at elevated temperatures.

An original objective of this study was to synthesize Zr
and Hf analogues of the quite useful titanium complexes,
Ti(CO;)(dmpe),!” and Ti(CO)s(dmpe).}®* While this goal
has not yet been achieved, a new type of divalent hafnium
carbonyl has been obtained from readily available pre-
cursors. This compound promises to be a useful reagent
in the study of the chemistry of hafnium carbonyls in the
absence of carbocyclic ligands, a virtually unexplored area
of chemistry.
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