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resonance at 327.6 c.p.s. is assigned to the trifluoro-
acetylacetone methyl protons of this compound. By
constderation of the other concentration extreme, the
remaining resonances can be assigned. The six
resonances are assigned as follows: the acetylacetone
methyl protons of the compounds Zr(acac),, Zr(acac)s-
(tfac), Zr(acac).(tfac),, and Zr(acac)(tfac); resonate
at 320.0, 322.5, 325.2, and 327.6 c.p.s. respectively,
and the trifluoroacetylacetone methyl protons of the
compounds Zr(acac)s(tfac), Zr(acac)s(tfac),, Zr(acac)-
(tfac);, and Zr(tfac)s resonate at 325.2, 327.6, 329.8,
and 332.1 c.p.s. This assignment is found to be con-
sistent at all the concentrations studied. Additional
evidence for this assignment is found in the small
differences in the chemical shift of Zr(acac), and Zr-
(tfac)sin the mixtures and in pure solutions. However,
any argument based on values of the chemical shift is
subject to question due to the large concentration
dependence of the chemical shift for compounds in
benzene solution.? The order of the resonances is
intuitively satisfactory, since, if substitution of tri-
fluoroacetylacetone for acetylacetone causes a shift in
the resonance, one would expect a similar shift in the
same direction with additional substitution. This is
found to be true in all cases.

At X = 0.70, all five compounds are present in suffi-
cient concentrations to allow calculation of the equilib-
rium constant. For the reaction 3Zr(acac), + 3Zr-
(tfac)s = 2 Zr(acac)s;(tfac) + 2Zr(acac),(tfac), +
2Zr(acac)(tfac)s, Keq is 1.0 X 10%. The high value of
K.q reflects the low concentrations of Zr(acac)s and
Zr(tfac), in the mixture. At X = 0.70, Zr(acac), and
Zr(tfac)s account for less than 39, of the species in
solution.

Similar exchange has been observed for mixtures of
Hf(acac); and Hi(tfac),, Hf(acac), and Zr(tfac),,
Zr(acac),, and Zr(dbm),, and Zr(tfac)s and Zr(dbm),,
where dbm represents dibenzoylmethane. These sys-
tems are presently being studied in more detail.
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Lewis Basicity of a Transition Metal. A Boron
Trifluoride Adduct of Biscyclopentadienyltungsten
Dihydride

Sir:

While transition metals in many complexes are
potential Lewis bases (in the sense that they contain
nonbonding electron pairs), only a few have appreciable
proton affinities,! and basicity toward acids other than
the proton has never been demonstrated. During stud-
ies on the Lewis basicity of certain metal coordinated
ligands,? we have frequently inspected our data for the
possibility of BF; coordination with electrons in the
d,.-orbitals of square-planar Ni(II) and Pd(II1) com-
plexes (e.g., Ni(CN)s7% Pd(SCN);7% and Pd(bipy)-
(NCS),, bipy = 2,2’-bipyridine). We found no evi-
dence for metal basicity in these cases; however,
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Fig. 1.—The pressure over a toluene solution of (C;H;), WH,.
The abscissa represents moles of boron trifluoride in the con-
densed phase(s) per mole of (C;H;),WH,. Closed circles repre-
sent data collected at —22.9° and open circles data obtained
at 0°.

recent experiments with (C;H;);WH. and BF; led to
the formation of a 1:1 addition compound which
apparently contains a tungsten-boron bond.

The parent (C;H;),WH, was prepared by the proce-
dure of Green, et al.®* A melting range of 193 to 195°
was observed rather than 163 to 165° as previously
reported. This discrepancy is thought to be due to a
misprint, since the color, chemical properties, and
n.m.r. spectrum agreed with those of the original report
and the infrared spectrum was also in substantial
agreement. Additional support for the authenticity
of this compound was gained from an X-ray powder
pattern which was indexed using a slightly larger unit
cell and the same space group (C.) as that reported
for (C5H5)21\/IOH2‘4

Fig. 2.—The probable molecular geometry of (C;H;),WH,- BF;.

Manipulation of (CsHs)oWH; and its adduct was per-
formed in either a vacuum line or a nitrogen-filled dry-
box. Direct interaction of the cyclopentadienyltung-
sten hydride with BFs led to absorption of (.954 mole
of boron trifluoride per miole of complex. Since this
reaction was quite sluggish a tensiometric titration
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(Fig. 1) was performed, which confirmed the 1:1
stoichiometry. The compound may be conveniently
prepared in benzene or toluene since biscyclopenta-
dienyltungsten dihydride is soluble in such hydro-
carbons but the BF; adduct is not. This adduct does
not have an appreciable BF; dissociation pressure.

Infrared spectra were obtained on Nujol mulls using
a prism-grating Beckman IR9: (C;H;),WH,, 601 (m),
776 (s), 822 (s), 876 (w), 906 (m), 985 (s), 1004 (s).
1033 (w), 1097 (m), 1252 (w), 1415 (m), 1921 (m) cm.;
(CsHe)eWH; - (0.95 BFy, 602 (m), 777 (s), 823 (s), 906 (m),
1005 (s), 1053 (s), 1095 (s), 1286 (w), 1917 (m), 1922
(sh) em.”!. The W-H stretching frequency 1921
cm. ! is shifted to 1917 em. ~! upon complex formation
(the shoulder at 1922 em. ! is attributed to the small
amount of parent compound present in the sample).
The very small frequency shift and negligible change in
relative intensity of this band renders unlikely a single
hydrogen bridge such as that found in B,H;~ (H;B-H-
BH;7).5> In the case of (CsH;);WH,-BF; a broad
absorption appears to underlie the bands in the 1100
to 1000 cm. ! region. This broad band is in the correct
region for the asymmetric BF; stretching frequency of
coordinated BF;.f* The symmetric BF; stretch, which
is expected to be less intense, cannot be located with
certainty, but, judging from band shapes, it may fall
in the region of the 823 cm. ~! absorption. Due to lack
of a suitable solvent it was not possible to obtain n.m.r.
spectra for the adduct.

In order to rule out the rather unlikely possibility of
BF; interaction with C;H; groups a comparable tensio-
metric titration was performed with ferrocene and BF;,
but a complex did not result.” As noted previously,
boron trifluoride coordinated through a hydrogen
bridge can also be discounted. The remaining alter-
native is a metal-boron bond analogous to (C;H;),WH; .
Like the protonated species the BF; adduct probably
involves bonding with a lone pair in a hybrid orbital
directed along the twofold axis of the parent molecule
(Fig. 2).#% The similar molecules (Cs;H;):MoH, and
(CsHy)ReH are also known to protonate with relative
ease and may prove to have substantial affinities for
Lewis acids.
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Configurations of the Complex Dithiocyanatobis-
(triethylphosphine)cobalt(II)
Sir:

The correlation between phvsicochemical properties
and structure of planar tetracoordinate cobalt(II)
complexes is not well established. The complexes
believed to be square-planar are generally of the spin-
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paired type.! A rigorously square-planar and spin-free
cobaltous anionic complex has been described only very
recently.?

The “‘pure’’ square-planar complexes of nickel(II)
so far investigated are only of the spin-paired type and
the paramagnetic complexes are either tetrahedral or
octahedral. On the other hand, the existence in solu-
tion of the equilibrium square-planar (diamagnetic) <
tetrahedral (paramagnetic) has clearly been established ?

We wish to report some results which seem to us to
be both novel and important, becavse they suggest the
existence of a similar equilibrium in the tetracoordinate
cobalt(II) complex compound [Co(PEt;):(NCS).].

Anhydrous cobaltous thiocyanate in absolute ethanol
reacted with P(C.;Hj;); to give a red crystalline product,
which was washed with ice-cold ethanol and dried in an
atmosphere of pure nitrogen, m.p. 72-74° dec.
Anal.  Caled. for Co(PEt;):(NCS),: C, 40.9; H,
7.35; N, 6.8; Co, 14.3. Found: C, 40.5; H, 7.4,
N, 6.75; Co, 14.3.

The solid compound, stable at room temperature for
months in the absence of oxygen, decomposes in a few
seconds in contact with air. Preparation and measure-
ments were carried out in an atmosphere of nitrogen to
avoid oxidation,

The solid compound dissolves in alcohols giving
solutions which initially are yellow-brown. Solutions
in aprotic solvents (acetone, dimethylformamide, di-
chloroniethane, and benzene) are deep blue or green.
The spectrum in benzene or dichloromethane solution

-in the 500-1800-myu region is extremely similar to the

spectra of tetrahedral complexes such as [Co(PCys),-
(NCS);] and [Co(PPh;):(CNS);].* In the 500-700-
my region the solution spectra exhibit the characteristic
multicomponent band associated with the ‘A, < ‘T,
(P) transition in tetrahedral (or pseudo-tetrahedral)
complexes.*® The spectrum of the crystalline complex
does not show absorption bands in this region. Thus,
the electronic spectra indicate that the compound is not
tetrahedral in the solid, whereas the tetrahedral species
predominates in solution. We say predominates,
because there sre distinctive features in the 400--300-
my region which strongly suggest the presence of non-
tetrahedral species in CH,Cl; solution. In this region
the extinction coefficient of the solution is greater than
150; whereas it is less than 30 for solutions of [Co-
Pcy,g)z(NCS)z], [CO(PEtg)zClz], and [CO(PEt3)2Br2] at
the same concentration. The occurrence of both tetra-
hedral and nontetrahedral species in CH,Cl, solution is
supported by magnetic and infrared measuremments.
The average magnetic moment at 25° of solid [Co-
(PEty)2(NCS).] corrected for diamagnetism is 2.3 B.M .,
in agreement with a low spin square-planar structure.
An octahedral spin-paired coordination would require a
noticeably smaller moment (1.7-2.0 B.M.).! The
magnetic moment at 25° in CH,Cl; (0.24 A solution)
is 3.50 B.M. By analogy with the mo:ments found for
and 4.4 B.M, respectively) and for [Co(PCy3)2(NCS).]
in CH,Cl; solution (4.35 B.M. in 0.27 M solution), it is
reasonable to assume that the moment of the (not
isolated) tetrahedral isomer of [Co(PEts):(NCS),] is
about 4.40 B.M. Hence, the moment 3.5 found in
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