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Communications

Preparation and Solid-State Structure of a Novel
Carboxylate Derivative of Copper(I),
(Phgp)zcu(OzCCHzCN)zH

The suitability of copper(l) complexes as carbon dioxide carriers
has been reported.! Although copper(l) cyanoacetate has been

found to quantitatively undergo irreversible decarboxylation to -

provide (cyanomethyl)copper(l),? in the presence of tri-n-butyl-
phosphine the decarboxylation reaction is reversible (eq 1).}
Indeed, the instability of the copper(l) tri-n-butylphosphine
complex toward decarboxylation has prevented its characterization
with respect to the number of phosphine ligands as well as the
mode of bonding of the cyanoacetate ligand to the copper(I) center.
NCCH,CO,Cu(P-n-Bu;), = NCCH,Cu(P-n-Buy), + CO,
(1
A focus of our efforts in carbon dioxide chemistry is to define
the mechanistic aspects of carboxylation/decarboxylation processes
catalyzed by transition-metal complexes. For these investigations
fully characterized complexes are a prerequisite to conducting the
studies. Therefore, we have undertaken the synthesis and
structural characterization of species derived from the reaction
of the MeCu(PPh,), derivative* with carboxylic acids, where a
copper(l) carboxylate complex containing phosphine ligands would
be anticipated.>® We report herein the preparation and X-ray
structural characterization of the resultant complex from the
reaction of MeCu(PPh,); and cyanoacetic acid, (Ph,;P),Cu-
(0,CH,CN),H, in which the cyanoacetate ligand exhibits a novel
bonding mode.
Approximately 2 equiv (25 mg) of cynoacetic acid was can-
nulated into a flask containing a solution of CH;Cu(PPh;); (130
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Figure 1. ORTEP diagram of (Ph;P),Cu(O,CCH,CN),H (1), showing
50% probability thermal ellipsoids.

Figure 2. Diagram illustrating one of the intermolecular hydrogen bonds
between molecules of 1.

mg) in THF maintained at -78 °C. When the flask was allowed
to slowly warm to ambient temperature, the yellow solution be-
came colorless. The solution was carefully layered with an equal
volume of hexane and maintained at -20 °C for several days,
resulting in the formation of clear, X-ray-quality crystals (1). The
yield of isolated product was greater than 80% based on
CH,Cu(PPh;);. Both the solid-state and solution infrared spectra
of 1 revealed the presence of the cyanoacetate moiety.’

(9) The »(CN) stretching vibrations were observed at 2283 and 2260 cm™
in KBr and at 2254 cm™' in THF solution. Similarly, in the carboxylate
region of the infrared spectrum a band is seen at 1735 cm™ in KBr, with
corresponding vibrations in THF solution at 1746 and 1609 cm™.
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Confirmation of the structure of the product (1) was accom-
plished by single-crystal X-ray analysis.'® 1 crystallizes from a
hexane/ THF mixture in space group C2/c¢ with four molecules
per unit cell. 1 sits about the crystallographic 2-fold axis with
Cu on the special position (!/,, 0.7021, '/,). The complex involves
a highly distorted tetrahedral environment of two phosphorus and
two nitrogen atoms about a Cu(I) center (Figure 1). The most
striking feature of the structure is that it contains two cyanoacetate
units, both bonded to Cu(l) via the cyano moiety as opposed to
the carboxylate functionality, with strong intermolecular hydrogen
bonding between molecular units (Figure 2). The Cu-N(1)-C(1)
angle is nonlinear, being 153.3 (3)°. Because of the large steric
requirements of the triphenylphosphine ligands, the P-Cu-P angle
is obtuse at 123.1 (1)°; correspondingly, the N-Cu-N angle is
acute at 86.2 (2)°. The P-Cu-P angle in triphenylphosphine
derivatives of Cu(I) generally differ greatly from the tetrahedral
value of 109.5°, ranging 120~133°8!! The Cu-P and Cu-N bond
distances, 2.264 (2) and 2.083 (4) A, respectively, are similar to
those reported for related derivatives.!1:12

The carboxylate groups are all equivalent, where the C(3)-O-
(1)H distance is 1.272 (6) A, with the C(3)~O(2) bond length
being 1.216 (9) A. The O--H-O distance at 2.487 A is con-
siderably less than the sum of the van der Waals radii of the two
oxygen atoms.'> This is consistent with related carboxylate
species, which contain strong symmetric hydrogen bonds; e.g., in
KH(CF,CO,), the hydrogen’s position was found centered between
the two oxygen atoms by both neutron and X-ray diffraction data,
with an OwH.O distance of 2.435 A.'* These very strong
centered hydrogen bonds generally have associated bond energies
greater than 50 kJ/mol.

The solution structure of 1 is compatible with what would be
anticipated upon dissolution on the basis of its solid-state structure;
i.e., it possesses both an acid (<COOH) and a carboxylate (-CO;")
functionality. For example, free cyanoacetic acid exhibits a C=0
stretching vibration at 1746 cm™ in THF solution, whereas
complex 1 in THF displays C=0 vibrations at 1746 and 1609
cm™'. This latter frequency corresponds to the asymmetrical
stretching band of the carboxylate ion. On the other hand, the
solid-state infrared spectrum of 1 exhibits only a ~COOH vi-
brational mode shifted slightly to lower frequency at 1735 cm™!
due to the observed intermolecular hydrogen bonding. Concom-
itantly, the =C==N stretch in THF solution in the free acid at 2261
cm™! is shifted to lower frequency at 2254 cm™! in the solution
spectrum of 1. This latter observation is consistent with both
cyanoacetate ligands being bound through the nitrogen donor and
is most likely indicative of a small degree of = back-bonding from
the Cu(l) into the #* orbitals of the nitrile group.'®

Present studies are underway to assess the possible role of species
containing cyanoacetate ligands bound as in complex 1 in the
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decarboxylation reaction of cyanoacetic acid with copper(I)
phosphine derivatives. Additionally, we are pursuing investigations
aimed at determining the conditions for affording copper(I)
phosphine complexes containing the cyanoacetate ligand bound
via the carboxylate functionality. Indeed, the role of both types
of interaction at the metal center (2) has been suggested to be
of general importance in decarboxylation processes.'$
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Comments on the Substitutional Lability of the Dimetal
Carboxylates of Molybdenum and Rhodium. Effects of
M-M MO Configuration

The substitutional lability of mononuclear transition-metal ions
is greatly influenced by electronic configuration. For example,
the rate of H,0 exchange in the aquo ions M(H,0)¢™ spans a
range of 10'¢ at room temperature and the effects of electronic
configuration far outweigh the combined effects of the charge and
size of the ion; ¢f, kegeh(H,0) = 10° 57! for Cr(H,0)¢2* and 107
7! for Cr(H,0)¢**.! Substitutionally inert octahedral ions are
associated with the t,,5 (e.g. Co'™l, Rh"™) and t,,* (Cr') config-
urations, while super 7abi1e ions are found for the configurations
e, (Cr?*) and ty,%,® (Cu?*) that contain an odd number of
clectrons in the destabilized e, orbitals (M-L ¢*) and are subject
to pronounced Jahn—Teller distortions. These ground-state effects
underscore the kinetic applications of crystal field theory. We
wish here to note that the substitutional lability of closely related
dinuclear complexes is likewise influenced by electronic structure
and, in particular, the M—M MO configuration.

The ligand redistribution reaction shown in eq 1 has been
followed by NMR spectroscopy. For M = Mo there is rapid

Ma(O2CR), + Ma(O,CR")s == MyO,CR),(O,CR ).,
(1)

scrambling (7 = 22 °C) with the formation of all possible
Mo,(0,CR),(0,CR")y, (R = t-Bu, R” = CH,-t-Bu or p-t-
BuCg¢H,). No similar exchange (7 = 60 °C) occurs for rhodium
(R = t-Bu, R’ = CH,-t-Bu).
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