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Reaction of CO with Ta(n5-CsMes)Mey. Intramolecular
Reductive Coupling of Carbon Monoxide via an
“n2-Acetone” Intermediate

Sir:

Since one of the most sought after catalytic reactions today
is the selective reductive coupling of two molecules of CO with
H,,"2 it is important to know under what circumstances and
how CO carbon atoms couple. One documented method con-
sists of coupling oxycarbene-like Zr acyl ligands.>* We report
here another using Ta (3-CsMes)Me, as the reducing agent
which proceeds via an “n?-acetone” or oxytantallacyclopropane
intermediate.

Ta(n’-CsMes)Mey (1)° reacts rapidly with 1 mol of CO at
25 °C to give (in 80% yield) an “n2-acetone” complex,’
monomeric 2 (eq 1).19 Its IR spectrum shows a peak at 1200
cm~! which we believe is »c_o; 2 therefore may be more ac-
curately described as an oxytantallacyclopropane complex.
Since its 'H and 13C NMR spectra!®® show only three types
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of methyl groups (5:2:2 ratio) and since the peak for the ace-
tone methyl group broadens significantly at —80 °C in tol-dg
in the 270-MHz '"H NMR spectrum, we suggest the molecule
has a ground-state pseudo-tetragonal-pyramidal geometry
which rearranges rapidly under most conditions. Acetone is
produced on treating 2 with oxygen, but bound acetone does
not exchange readily with free acetone-ds. n2-Acetone is re-
duced to 2-propanol (appropriately labeled using D,O) on
treating 2 with water; 2 mol of methane is also formed. The
reaction of 1 with 94% 13C-enriched CO (*CO) gave Ta(n>-
CsMes)(O=*CMe;)Me; (2-*C).!! The peak we suspect is
ve o in 2 (at 1200 cm™!) shifts to 1180 cm™! in 2-*C. We
could detect no intermediate between 1 and 2 in low-temper-
ature 'C NMR experiments.

Ta(n3-CsMes)(acetone)Me, absorbs a second mole of CO
more slowly at 25 °C to give another sublimable (180 °C, 1 u)
pale yellow complex (3,1290% yield) whose 'H and !13C NMR
spectra!? suggest that five different methyl groups are present
(5:1:1:1:1) and whose IR spectrum shows a medium strength
band at 1670 cm~!. Treating 2-*C with CO gave a product
(3-*C,C) in which the CO carbon atoms have not scrambled!4
and Jc=c = 88 Hz, consistent with a C(sp?)-C(sp?) coupling
constant;>!'b the IR band shifts to 1640 cm~!. Hydrolysis of
3-*C,*C gives | mol of methane and 1 mol of appropriately
labeled methyl isopropyl ketone-13C; (eq 2). Therefore, we
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postulate that 3 contains an enolate ligand.!> However, 3 is not
a discrete monomer (mol wt 640 + 40 in benzene; caled 432)
but, we believe, a mixture of linear or cyclic oligomers con-
taining € Ta-O-Ta-05 bonds. This is consistent with the fact
that the region in which a metal-oxygen stretching frequency
would be expected (1000-700 cm™') contains many relative
weak peaks rather than a single strong peak, characteristic of
(e.2.) vTu—0. We also know that 3 can be hydrolyzed with |
equiv of ROH (R = Me or Me;C) to give 1 equiv of methyl
isopropyl ketone and pentane-soluble pale yellow products
which are also inseparable mixtures of several complexes.

The reaction between a 1:1 mixture of Ta(n3-CsMes)-
(CH3)4 and Ta(n3-CsMes)(CD3)4 (pre-mixed at 25 °C) in
ether at —78 °C with 2 mol of CO followed by hydrolysis gave
only (CH3);HCC(O)CH3 and (CD3),HCC(O)CD; (54% d,,
1% d3, 2% d¢, 43% dg). This suggests that the methyl groups
in 1-dgand 1-(CD3)4 do not scramble readily and 3 is formed
entirely intramolecularly.

The two most reasonable intermediate products of the re-
action of 2 with CO are 4 and 5. [n either the acyl may be best
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described as an oxycarbene ligand? which couples to a methyl
(in 5) or acetone carbon atom (in 4) to give 6, which then re-
arranges to 3. If 4 is an intermediate, the coupling reaction
must be rather specific and Ta(n3-CsMes)(n?-acetone), cannot
form reversibly to any significant extent.

The course of the reaction of 2 with H, may prove relevant
to the question of whether 4 or 5 is formed. At 25 °C in benzene
under 40 psi of H», 2 smoothly and quantitatively is converted
into 7 in 4 h (eq 3).!7 The fact that no methane is formed
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suggests that the Ta-C (acetone) bond is more readily cleaved
by H,. Therefore, it may also react more rapidly with CO to
give S rather than 4. We have not yet isolated 7 since it de-
composes (apparently bimolecular) in solutions more con-
centrated than ~0.02 M!8 to give methane and unidentified
organometallic products.

This model study suggests that reductive coupling of CO
with Hj to give two carbon products might plausibly proceed
via CQO insertion into the metal-carbon bond of an %2-form-
aldehyde ligand® or by coupling a formyl and an 52-formal-
dehyde ligand. We are attempting to prepare n2-formaldehyde
analogues of 2 in order to see if such expectations are real-
istic.
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Coupling of Acetylenes Held Proximate to a Metal:
Alkyne-Alkyne Interactions in
cis-Phosphinoacetylene Complexes

Sir:

Unusual chemical reactivity, particularly toward inter- and
intramolecular coupling, is often associated with aromatic
diacetylenes such as 1 in which the two alkynyl groups are held
rigidly adjacent to one another.!2 During our studies on the
synthetic utility of coordinated heteroatom functionalized
acetylenes,? we discovered a novel method to achieve the
proximity of alkyne triple bonds necessary to promote coupling.
Thus in cis transition metal complexes of phosphorus coordi-
nated alkynyl phosphines, for example 2 (M = Pd, Pt; X = CJ;
R = R’ = Ph), the sterically less demanding -C==CR’ groups
are forced into a configuration facilitating alkyne-alkyne in-
teraction. We have established the nature of these unusual
alkyne-alkyne contacts via a single-crystal X-ray analysis of
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