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Pt: I ratio of 1:1. The solution was stirred for 2 h at room
temperature and then filtered, and the residue was repeat-
edly washed with mother liquor. Washing with EtOH, MeOH,
Me,CO, Et,0, CCly, CHCl3, CH,Cl, or DMF gave solutions
of iodine, leading ultimately to the regeneration of the
starting material from the residue. Attempts to recrystallise
the product therefore failed, and the residues were analysed
after air-drying (see Table). lodine uptake was measured by
titration with thiosulphate.

All the compounds are bronze in colour, strongly reflect-
ing and microcrystalline, but the crystals were not suitable
for single crystal x-ray structure determination. Crystals of
Pt(N—N)X;, suitable for x-ray structural analysis were used
as starting material in an attempt to obtain products suitable
for crystallographic examination but without success. In-
frared spectra were measured in nujol mulls on Csi discs
using a Perkin Elmer 437 spectrophotometer.
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Summary

Copper(ll) carboxylates, Cu(O,CR);, R = Me or CF3, in
acetonitrile are reduced to copper(l) complexes by copper
metal in the presence of RCO,;H. No reduction however, was
observed in the absence of the acid. The CuQ,CMe,
Cu(0,CCF3)(MeCN) and Cu(O,CCF;)(CF3CO;H); - (MeCN)4
complexes were isolated from the reaction mixture.
Copper(l) species are stabilized by coordination of diacet-
amide or isoamide, a reaction product of the free acid and
nitrile. Copper(l) carboxylate is obtained after decomposi-

* Part UI: R, J. Hurtado, R. V. Casillas and T. Ogura, Transition
Met. Chem., 2, 91 (1977).

** To whom all correspondence should be directed. Reprints of the
article are not available.

tion of the coordinated species to the original acid and
nitrile.

Introduction

Aquated copper(l) ion disproportionates into copper(Il)
and copper metal, however ligands such as alkenes however,
drive the reaction in the direction of the copper(l) ion(!).
The relative stabilization effect of a ligand on copper ions is
recognized easily by the appearance or disappearence of the
blue aquated copper(I1){1 =4,

Copper(ll) acetate is reduced to copper(l) acetate in
acetonitrile by copper metal in the presence of acetic
acid(s‘ ) In the absence of the acid, no reduction is detect-
able. On the other hand, copper(l) acetate thus formed
disproportionates into the starting materials 1n acetonitrile
or in acetic acid. This unusual behavior of the complexes is
the subject of this investigation.
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Experimental
Materials

AcOH, trifluoroacetic acid (TfOH) and MeCN were dried
over P4O,¢ and distilled 1n vacuo before use. Cu(OAc), and
Cu(OTf), were prepared and purified as described previ-
ously(6).

Since all the investigated copper(l) complexes reacted
readily with oxygen and atmospheric moisture, all the reac-
tions were performed in vacuo.

Attempted reduction of Cu(OAc), in the presence of NaOAc

Dehydrated Cu(OAc); (2.0 mmol) and NaOAc (2.0 mmol)
in MeCN were stirred with an excess of copper for one week.
The resultant mixture was decanted from the copper metal
into iron(Ill) in order to determine the amount of copper(l)
present by the ferrous-ceric titration; however, no copper(I)
was detected.

Reduction of Cu(OAc), in MeCN

A MeCN solution of Cu(OAc), was stirred in the presence
of copper metal for 70 h at room temperature, but no reac-
tion was observed. However, Cu(OAc), (0.6 g) dissolved in a
mixture of AcOH (1 em?®) and MeCN (5 cm?) was reduced
by copper within 2 h. The resultant mixture was filtered
through a sintered glass frit, and the solvent was evaporated
from the filtrate and condensed in a dry ice: Me,;CO cold
trap. A powdery crystalline product was obtained. (Found:
Cu, 51.3. C;H;3Cu0; calcd.: 51.8%.) It was confirmed that
MeCN does not coordinate to solid CuOAc; thus a small
amount of MeCN was introduced to CuOAc, but no vapor
pressure depression of MeCN was observed.

Reduction of Cu(OTf), in MeCN

Although Cu(OTf),; did not react with copper metal, it
was reduced in the presence of free TTOH. A mixture of
Cu(OTf); (1 g), TFOH (1 em?), MeCN (10 cm?) and an ex-
cess of copper was stirred until the blue of copper(ll) disap-
peared (1-3 h). The reaction mixture was treated as de-
scribed above for the Cu(OAc); : Cu system. The filtrate was
maintained at 25° while the excess of solvent was transferred
into a cold trap maintained at 0°, by vacuum distillation
during 50 h. The remaining complex showed an equilibrium
ligand vapor pressure. Hence, some of the ligands in the co-
ordination sphere of the complex were freed by condensing
the vapor phase in a dry ice: Me, CO cold trap. The spectrum
of the condensate was consistent with a mixture of MeCN and
TfOH. The complex was analyzed titrimetrically (Found:
Cu, 10.9; TfOH, 38.7. CuOTf - 4 MeCN -2 TfOH calcd;

Cu, 11.2; TfOH, 40.1%). A powdery white complex re-
mained (Found: Cu, 29.2. CuCO,CF; - MeCN calcd.:
Cu, 31.0%).

Reduction of Cu(OAc), in the presence of diacetamide

Diacetamide (0.350 mmol) in MeCN (4 cm?®) was added
to a mixture of Cu(OAc), (2.00 mmol) and copper (5 mmol)
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and the mixture was stirred overnight, and then filtered
through a sintered glass filter. The copper metal remaining
on the filter was washed thoroughly with the solvent, the
excess of solvent was removed in vacuo, the copper metal
weighed and the copper which dissolved during the reaction
determined by difference (Found: 11.4 mg, 0.179 mmol).

In a duplicate experiment: diacetamide (1.011 mmol) caused
oxidation of copper (0.553 mmol).

Results and Discussion

We have demonstrated that copper(Il) acetate and tri-
fluoroacetate in acetonitrile do not react with copper metal
and that the addition of free carboxylic acid to the reaction
mixture causes stoichiometric reduction to the corresponding
copper(l) carboxylate. Hence, it is of interest to elucidate
the role of the carboxylic acids.

Copgger(ll) acetate in acetic acid has been studied
widely¢’~12). The dimeric structure found in the solid state
persists in acetic acid as well as in nonaqueous solvents.
Cu,(0OAC)4 1n acetic acid reacts with the acetate anion ac-
cording to Equations (1) and (2):

Cuz(0OAC)s + 2 LiOAC = Li;Cuy(OACc)s (1)
Cuy(OAc)s + 4 LiOAc= 2 Li;Cu(OAC), (2)

The equilibrium constants for reactions (1) and (2) at room
temperature were 10°? and 107%%, respectively(g). In
order to examine the possible participation of the species
produced vig reactions (1) and (2), sodium acetate was ad-
ded to a reaction mixture of copper(ll) acetate and copper
metal in acetonitrile, however, such species did not cause
any reduction of copper(ll) acetate.

Hydrochloric and perchloric acids also react with
copper(Il) acetate in acetic acid forming a monomeric species
according to (3):

Cuy(0Ac)s + 2 HX = 2 Cu(OAc)X + 2 AcOH (3)

The equilibrium constant for reaction (3) has been reported
as 103 (X = C10,4) and 10*7 (X = Cl) at room tempera-
ture" A similar reaction might be expected to occur in
our experiments; a carboxylic acid in acetonitrile dissociates
partially and the resultant hydrogen ion may atrack the
carboxylate moiety of the copper(ll) carboxylate dimer
forming monomeric species, which may be attacked sub-
sequently by copper meral!?).

Copper(l) acetate disproportionates to copper metal and
copper(Il) acetate in acetic acid slowly at room temperature
and rapidly at elevated temperature. Acetonitrile also catal-
yzes the disproportionation. Crystalline copper(l) acetate
precipitates copper metal on heating to 150°. These findings
show that copper(l) acetarte, even though it is present in an
acetic acid or acetonitrile medium, is less stable than a
system consisting of copper(ll) and metal. Hence, copper(l)
acetate is the thermodynamically unfavorable state; it exists
as a metastable state in the crystalline form.

Why can we isolate the copper(l) carboxylates from the
reaction system? The crystalline product of copper(l)
trifluoroacetate, CuOTf - 2 TfOH - 4 MeCN, suggests a pos-
sible answer to the question. This complex has some
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remarkable features: (a) there are six neutral organic mole-
cules and one carboxylate anion per copper atom, (b) the
complex has an equilibrium vapor pressure of trifluoroacetic
acid and acetonitrile, (¢) removal of the vapor phase at 40°
in vacuo leaves the complex, CuOTf - MeCN, and furcher
heating at a higher temperarture results in the formation of
copper(l) trifluoroacetate. Disproportionation of the final
rifluoroacetate is accelerated by the presence of free acid
or of nitrile, or by increasing the temperature, as seen with
the acetate.

Copper(]) trifluoroacetate is less stable than a mixture of
the copper(ll) compound and copper metal. The former
however, is stabilized by coordination of a ligand, L, con-
sisting of the acid and the nitrile, since neither the acid nor
the nitrile, separately, stabilizes the copper(l) state relative
to the mixture of Cu + Cu(OAc);. The ligand, L, de-
composes partially to the volatile starting materials which
are removed in vacuo.

Thus, copper(l) acetate in a mixture of acetonitrile and
acetic acid must be stabilized by a special ligand. Diacet-
amide was isolated from a reaction mixture of acetonitrile
and acetic acid at room temperature catalyzed by hydrogen
chloride or copper(l) acetate. A similar product was detected
with trifluoroacetic acid by its i.r. spectrum. (NH stretch,
3300- 3500 cm™ ') and its electronic spectrum (230 nm,
€ = ca. 10%) but it was not isolated.

One mole of diacetamide causes reduction of a half mole
of Cu(OAC¢), with copper metal, however, the isolated
product was copper(l) acetate contaminated with a small
amount of copper(ll) acetate and copper. The stoichiometry
of the reaction is:

Cu(OAc¢), + Cu + 2 MeCN - AcOH
i
2 CuOAc(MeCN - AcOH) (in solution)
|
2 CuOAc + 2 MeCN + 2 ACOI
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However, we believe that the rate of reduction of copper(Il)
ion in the presence of the amide 1s almost the same as in the
acetonitrile: acetic acid system. Thus, we can not discard the
possible participation of the c-acetoxyimine, MeC(NH)OAc,
which has been frequently cited as an intermediate in the for-
mation of diacetamide from acetonitrile and acetic acid but
has yetto be isolated*®) . These findings must be verified by
an x-ray structure determination of CuOTf - 2 TEOH - 4 MeCN.
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