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Copper(I) complexes which act as carbon dioxide carriers and
transcarboxylating agents have been reported.! For example,
Cu(I) cyanoacetate has been found to transfer CO; to propylene
oxide to produce propylene carbonate.!? Consistent with this
observation, Cu(I) cyanoacetate has been shown to quantitatively
undergo irreversible decarboxylation to provide the stable (cy-
anomethyl)copper(I) derivative.2 In the presence of tri-n-
butylphosphine the decarboxylation reaction is reversible.’
However, the copper(I)-tri-n-butylphosphine complex was re-
ported to be too unstable with respect to decarboxylation at
ambient temperature to be characterized, in particular with respect
to the mode of bonding of the cyanoacetate ligand to the copper(I)
center. Owing to the importance of copper(I) derivatives as
nonoxidative decarboxylation catalysts as well as the interest in
the reverse process for the utilization of CO, in chemical synthesis,
theidentification of reaction intermediates and kinetic parameters
for this process is highly significant. In this connection, we have
undertaken the synthesis and structural characterization of species
derived from the reaction of copper(I) carboxylates with
phosphines.’>-8 Herein isreported the preparation, reactivity, and
X-ray structural characterization of the resultant complex from
the reaction of Cu(I) n-butyrate, NCCH,CO:H, and PPh,.10-12

The dimeric complex [(Phs;P);CuO,CCH,CN]; (1) was ob-
tained from the reaction of Cu(I) n-butyrate with 1 equiv of
NCCH2CO;H and 2 equiv of PPh; in diethyl ether at room
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Flgure 1. Molecular structure and atom labeling scheme for [(Ph;P),-
CuO,CCH,CN]; (1). Selected intramolecular distances (A): Cu(l)-
0(2), 2.078(3); Cu-N, 2.061(3); Cu-P, 2.240(2) and 2.283(2). Selected
bond angles (deg): P-Cu-P, 122.1(1); N-Cu-O, 91.3(1); Cu-N-C,
162.0(4).

temperature. An initially clear solution of the reactants turned
cloudy after being stirred for 15 min, and a fine white powder
was isolated after the solution was stirred for 12 h (yield 80%).
Recrystallization of the product from a dichloromethane solution
layered with diethyl ether maintained at ~20 °C resulted in X-ray
quality crystals.l?

The infrared spectrum of 1 in CH,Cl, revealed the presence
of both the carboxylate and the cyano groups. The carboxylate
stretching frequencies were observed at 1611 and 1370 cm™! and
confirmed by isotopic substitution: (»(*2CO,) in DME 1609 and
1372 cm™; »(13CO>) 1560 and 1347 cm™!). The large difference
(A=241cm™) between the asymmetric and symmetric stretches
supports a monodentate coordination mode of the carboxylate.!
The C=Nstretch,notedat 2255 cm™!, is similar tothat observed
for a previously reported N-bound cyanoacetate complex of
Cu(I).’ Importantly, this mode of cyanoacetate binding persists
in the solid state, as confirmed by observations of the »(CO,)
stretches at 1609 and 1373 cm~! and the »(CN) at 2255 cm™! in
KBr. The structure of 1 was verified by an X-ray analysis, as
shown in Figure 1.1

Complex 1 readily undergoes a reversible decarboxylation/
carboxylation reaction in the temperature range 30-50 °C, as
evidenced by its exchange with 13CO, in DME (eq 1). Infrared

[(Ph,P),Cu0,CCH,CN], + ¥CO, =
[(Ph,P),Cu0," CCH,CN], + 12CO, (1)

spectroscopy monitored the disappearance of the asymmetric
»(12CO,) stretch at 1609 cm'!. Concomitantly, the appearance
of the corresponding y(13CO,) vibration at 1560 cm~! and the 13C
NMR signal at 167.4 ppm for the carboxylate indicated carbon
dioxide exchange. Attendant with this exchange process was an
increase in the free '2CQO, in solution (2338 cm™!) relative to
dissolved 13CO;, (2272 cm™!).16 Reaction 1 was found to be first
order in [1], as indicated by a linear plot of In[1] vs time.!” The
first-order rate constants for CO, exchange were determined as
a function of temperature, and these data are listed in Table I,
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Table . Temperature-Dependent Rate Data for the Exchange of
CO; in [(PPh;),Cu0,CCH,CN],?

T(K) k(X 103 s-1) T(K) k(X 103 51y
3029 0.234 318.0 1.12
308.0 0.456 323.0 2.33
313.0 0.690

4 Activation parameters determined. AH* = 21.5 % 1.1 kcal, AS* =
—6.2 % 3.7 eu. » These are all measured at a [1] of 0.0223 M.

along with the derived activation parameters. These activation
parameters are quite comparable to those previously reported for
CO; exchange involving the square-planar nickel(II) complex,
HNi(O,CH)(PCy;),."® Asmanifested by changesintheinfrared
spectrum, complex 1 reacts with excess PPh; toafford presumably
the monomeric complex, (Ph;P);CuO,CCH,CN.1920 Thislatter
complex undergoes CO; exchange at a slightly enhanced rate as
compared with complex 1.

Importantly, complex 1 is an efficient catalyst for the
decarboxylation of cyanoacetic acid to acetonitrile and carbon
dioxide.2! At modest concentrations of carboxylic acid where
complex 1 remains intact, the decarboxylation process is first
order in [1] and zeroth order in [acid].22 Furthermore, the rate
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constants for decarboxylation and CO; exchange (eq 1) are very
similar, e.g., k; at 40 °C for decarboxylation is 9.03 X 10 vs
6.90 X 10~ sec”! for CO; exchange. This behavior is consistent
witha reaction pathway for the decarboxylation reaction in which
the rate determining stepis CO; extrusion, with CH;CN formation
occurring in a subsequent rapid protonation step.

The rate of decarboxylation is quite sensitive to the nature of
the phosphine ligands bound to Cu(l) in the catalyst or catalyst
precursor, with enhanced catalytic activity being noted for more
basic phosphine ligands. Indeed, better donating ligands bound
to Cu(I), such as amines, are so effective at catalyzing the
decarboxylation reaction that it is arduous to assess the mech-
anistic aspects of the process.2> Current investigations, which
involve the systematic variation of steric and electronic influences
about the copper(I) center, are in progress in an effort to better
define the environment about the active site.
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Supplementary Material Available: Figuresillustrating a kinetic
plot of 13CO, exchange with [(Ph;P),CuQ,CCH2CN]; and
kinetic plots for the catalytic decarboxylation of cyanoacetic acid;
tables summarizing crystal structure determination data, atomic
coordinates and equivalent isotopic displacement coefficients, bond
lengths and angles, and anisotropic thermal parameters for
complex 1(9 pages). Ordering informationis givenon any current
masthead page.
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solution of 1disrupts the dimer with formation of a monomeric copper(I) unit
containing an added N-bonded cyanoacetic acid ligand. This is akin to the
reactionof 1 with excess PPh; toafford (Ph;P);CuO,CCH,CN, This resultant
Cu(I) speciesis a less reactive catalyst for decarboxylation and hence constitutes
an inhibition of the process in large excesses of substrate.
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