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Pt : 1 rat io of 1 : 1. The  so lu t ion  was st irred for 2 h at  r o o m  
t e m p e r a t u r e  and t hen  f i l tered,  and  the  residue was repeat-  
edly washed wi th  m o t h e r  l iquor.  Washing wi th  EtOH, MeOH, 
Me2CO, E t20 ,  CC14, CHCI3, CH2C12 or DMF gave so lu t ions  
of iodine,  leading u l t imate ly  to the regenera t ion  of  the  
start ing mater ial  f r om the  residue. A t t e m p t s  to recrystal l ise 
the p roduc t  the re fore  failed, and the  residues were analysed 
after  air-drying (see Table).  Iodine  u p t a k e  was measured  by 
t i t r a t ion  with th iosu lpha te .  

All the  c o m p o u n d s  are b ronze  in colour,  s t rongly  reflect-  
ing and  microcrysta l l ine ,  bu t  the crystals  were not  sui table  
for single crystal  x-ray s t ruc tu re  de t e rmina t ion .  Crystals  of  
P t ( N - N ) X 2  sui table  for  x-ray s t ruc tura l  analysis were used 
as s tar t ing material  in an a t t e m p t  to ob ta in  p roduc t s  sui table  
for crys ta l lographic  e x a m i n a t i o n  but  w i t h o u t  success. In- 
frared spectra  were measured  in nujol  mulls  on  Csl discs 
using a Perkin Elmer 437 s p e c t r o p h o t o m e t e r .  
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Summary  

Copper ( l l )  carboxyla tes ,  Cu(O2CR)2,  R = Me or CF 3 , in 
acetoni t r i le  are reduced  to copper ( l )  complexes  by copper  
metal  in the  presence of RCO2H. No reduc t ion  however,  was 
observed in the  absence of the  acid. The CuO2CMe, 
Cu(O2CCF3)(MeCN) and Cu(O2CCF3)(CF3CO2H) 2 " (MeCN)4 
complexes  were isolated f rom the  reac t ion  mixture .  
Copper( l )  species are stabil ized by coord ina t ion  of diacet- 
amide or isoamide,  a reac t ion  p roduc t  of the free acid and  
nitrile. Copper( l )  ca rboxyla te  is ob ta ined  af ter  decomposi -  

* Part  III: R. J. H u r t a d o ,  R. V. Casillas a n d  T. Ogura ,  Transition 
Met. Cbem., 2, 91 (1977) .  

** To w h o m  'all c o r r e s p o n d e n c e  s h o u l d  be  d i r ec ted .  R e p r i n t s  o f  the  
art icle are no t  available.  

t ion of the  coo rd ina t ed  species to the  original acid and 
nitrile. 

Introduction 

Aquated  copper ( l )  ion d i sp ropor t iona tes  into  coppe r ( l l )  
and copper  metal ,  however  ligands such as a lkenes however ,  
drive the  reac t ion  in the  d i rec t ion of  the  copper(1) ion O). 
The relative s tabi l iza t ion  effect  of a ligand on copper  ions is 
recognized easily by the  appearance  or d isappearence  of the  
blue aqua ted  c o p p e r ( l l ) O - 4 ) .  

Copper ( l l )  ace ta te  is reduced  to copper(1) aceta te  in 
ace toni t r i le  by copper  meta l  in the  presence of acet ic  
acid(S, 6). In the  absence  of the  acid, no reduc t ion  is detect-  
able. On the  o the r  hand,  copper( I )  ace ta te  thus  fo rmed  
d i sp ropor t iona tes  into the  s tar t ing mater ia ls  in ace toni t r i le  
or in acetic acid. This unusua l  behavior  of the  complexes  is 
the  subject  of this  invest igat ion.  
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Experimental 

Materials 

AcOH, t r i f luoroace t ic  acid (TfOH) and  MeCN were dried 
over P 4 0 , 0  and dist i l led in vacuo before  use. Cu(OAc)2 and 
Cu(OTf)2 were prepared  and  pur i f ied as descr ibed previ- 
ously(6). 

Since all the  invest igated copper(1)  complexes  reac ted  
readily with oxygen  and  a t m os phe r i c  mois ture ,  all the  reac- 
t ions were pe r fo rmed  in vacuo. 

Attempted reduction of Cu(OAc)2 in the presence of NaOAc 

Dehydra t ed  Cu(OAc)2 (2.0 mmol )  and  NaOAc (2.0 mmol )  
in MeCN were st i rred wi th  an excess of copper  for one  week. 
The  resu l tan t  m ix tu r e  was decan ted  f rom the  copper  meta l  
into  i ron( l iD  in order  to de t e rmine  the  a m o u n t  of  copper(1) 
present  by the  ferrous-ceric  t i t r a t ion ;  however ,  no copper( I )  
was de tec ted .  

Reduction of Cu(OAc)2 in MeCN 

A MeCN so lu t ion  of  Cu(OAc)2 was st i rred in the  presence 
of copper  metal  for 70 h at  r o o m  t empera tu re ,  bu t  no reac- 
t ion  was observed.  However,  Cu(OAc)2 (0.6 g) dissolved in a 
mix tu re  of AcOH (1 cm 3) and  MeCN (5 cm 3) was reduced  
by copper  wi th in  2 h. The  resu l t an t  mix tu re  was f i l tered 
th rough  a s in tered glass frit,  and  the  solvent  was evapora ted  
f rom the  f i l t ra te  and  condensed  in a dry i ce :Me2CO cold 
trap. A powdery  crystal l ine p roduc t  was ob ta ined .  ( Found :  
Cu, 51.3. C2H3CuO2 calcd.: 51.8%.) It was conf i rmed  tha t  
MeCN does not  coord ina te  to solid CuOAc;  thus  a small 
a m o u n t  of  MeCN was i n t roduced  to CuOAc, bu t  no vapor  
pressure depress ion of  MeCN was observed.  

Reduction of Cu(OTf)2 in MeCN 

Al though  Cu(OTf)  2 did not  react  with  copper  metal ,  it 
was reduced  in the  presence of free TfOH. A mix tu re  of 
Cu(OTf)2 (1 g), TfOH (1 cm3),  MeCN (10 cm 3) a n d a n  ex- 
cess of  copper  was st i rred unt i l  the  blue of copper( I f )  disap- 
peared (1-3 h). The reac t ion  mix tu re  was t rea ted  as de- 
scribed above  for  the  Cu(OAc)2 : Cu system. The f i l t rate  was 
ma in ta ined  at 25 ° while the  excess of solvent  was t ransfer red  

0 ° into a cold t rap  ma in ta ined  at , by vacuum dist i l lat ion 
during 50 h. The remain ing  complex  showed an equi l ib r ium 
ligand vapor  pressure. Hence, some of  the  ligands in the co- 
o rd ina t ion  sphere  of the  complex  were freed by, condens ing  
the  vapor  phase in a dry i ce :Me2CO cold trap. The spec t rum 
of the  condensa te  was cons i s ten t  with  a m i x t u r e o f  MeCN and 
TfOH. The  complex  was ana lyzed  t i t r imetr ica l ly  (Found :  
Cu, 10.9; TfOH, 38.7. CuOTf  " 4 M e C N  2 T f O H  calcd; 
Cu, 11.2; TfOH, 40.1%). A powdery  whi te  complex  re- 
mained  (Found :  Cu, 29.2. CuCO2CF 3 ' MeCN calcd.: 
Cu, 31.0%). 

Reduction of Cu(OAc)2 in the presence of diacetamide 

Diacetamidc (0 .350 mmol )  in MeCN (4 cm 3 ) was added 
to a mix tu re  of  Cu(OAc)2 (2.00 mmol )  and copper  (5 mmol )  

and the  mix tu re  was st irred overnight ,  and then  f i l tered 
t h rough  a s in tered  glass filter.  The  copper  metal  remain ing  
on the  fi l ter  was washed t h o r o u g h l y  wi th  the  solvent,  the  
excess of  solvent  was r emoved  in vacuo, the  copper  metal  
weighed and  the  copper  which  dissolved dur ing the  reac t ion  
d e t e r m i n e d  by d i f ference  (Found :  11.4 mg, 0 .179 mmol) .  
In a dupl ica te  expe r imen t :  d iace tamide  (1.011 mmol )  caused 
ox ida t ion  of  copper  (0 .553 mmol) .  

Results and  Discussion 

We have d e m o n s t r a t e d  tha t  copper( I I )  ace ta te  and tri- 
f luo roace ta t e  in ace toni t r i l e  do not  react  with  copper  metal  
and tha t  the  add i t ion  of free carboxyl ic  acid to the  reac t ion  
mix tu re  causes s to i ch iomet r i c  reduc t ion  to the  cor responding  
copper(1) carboxyla te .  Hence, it is of  in teres t  to e lucidate  
the  role of the  carboxyl ic  acids. 

Copper ( I f )  ace ta te  in acet ic  acid has been s tudied 
widely (7-12).  The  dimeric  s t ruc tu re  f o u n d  in the  solid state 
persists in acetic acid as well as in n o n a q u e o u s  solvents.  
Cu2(OAc)4 in acetic acid reacts  wi th  the  ace ta te  anion  ac- 
cording to Equa t ions  (1) and (2): 

Cu2(OAc)4 + 2 LiOAc ~ Li2Cu2(OAc)6 (1) 

Cu2(OAc)4 + 4 L iOAc-~  2 Li2Cu(OAc)4 (2) 

The equil ib 'r ium cons tan t s  for  react ions  (1) and (2) at room 
t e m p e r a t u r e  were 10 o.9 and 10 -o.4 , respect ively (9). In 

order  to examine  the  possible par t ic ipa t ion  of the  species 
p roduced  via react ions  (1) and (2), sod ium ace ta te  was ad- 
ded to a reac t ion  mix tu re  of copper( I f )  ace ta te  and  copper  
metal  in acetoni t r i le ,  however,  such species did not  cause 
any reduc t ion  of coppe r ( l l )  acetate .  

Hydrochlor ic  and perchlor ic  acids also react  with 
coppe r ( l l )  ace ta te  in acet ic  acid forming  a m o n o m e r i c  species 
according to (3): 

Cu2(OAc)a + 2 HX ~ 2 Cu(OAc)X + 2 AcOH (3) 

The equi l ibr ium cons tan t  for  react ion (3) has been repor ted  
as 103"s (X = CIO4) and 104'v (X = CI) at room tempera-  
ture  0° ) .  A similar reac t ion  might  be expec ted  to occur  in 
our  exper imen t s ;  a carboxyl ic  acid in ace toni t r i le  dissociates 
partial ly and the  resu l tan t  hydrogen  ion may a t tack  the  
ca rboxyla te  moie ty  of the  copper ( l l )  ca rboxyla te  dimer  
forming  m o n o m e r i c  species, which may be a t t acked  sub- 
sequent ly  by copper  metal  O2). 

Copper( l )  ace ta te  d i sp ropor t iona tes  to copper  metal  and 
copper ( l l )  ace ta te  in acetic acid slowly at room t empera tu re  
and rapidly at elevated t empera tu re .  Acetoni t r i le  also catal- 
yzes the  d i sp ropor t iona t ion .  Crystal l ine copper(1) ace ta te  
precipi ta tes  copper  metal  on  heat ing to 150 °. These f indings 
show tha t  copper(1) acetate ,  even though  it is present  in an 
acetic acid or ace toni t r i le  medium,  is less stable than  a 
system consist ing of copper(I f )  and metal.  Hence, copper( l )  
aceta te  is the t h e r m o d y n a m i c a l l y  unfavorable  state;  it exists 
as a metas tab le  state in the  crystal l ine form. 

Why can we isolate the  copper ( l )  carboxyla tes  f rom the  
react ion system? The crystal l ine p roduc t  of copper(1) 
t r i f tuoroaceta te ,  CuOTf " 2 TfOH • 4 MeCN, suggests a pos- 
sible answer  to the quest ion.  This complex  has some 
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remarkable features: Ca) there are six neutral organic mole- 
cules and one carboxyla te  anion per copper  atom, (b) the 
complex has an equil ibrium vapor pressure of t r i f luoroacet ic  
acid and acetonitr i le ,  (c) removal of the vapor phase at 40 ° 
in vacuo  leaves the complex,  C u O T f  MeCN, and fur ther  
heating at a higher t empera tu re  results in the fo rmat ion  of  
copper( l )  t r i f luoroacetate .  Dispropor t iona t ion  of  the final 
t r i f luoroacetatc  is accelerated by the presence of free acid 
or of nitrile, or by increasing the temperature ,  as seen with 
the acetate. 

Copper(1) t r i f luoroaceta te  is less stable than a mixture  of  
the copper ( l l )  c o m p o u n d  and copper  metal. The former  
however,  is stabilized by coordinat ion  of  a ligand, L, con- 
sisting of the acid and the nitrile, since nei ther  the acid nor 
the nitrile, separately, stabilizes the copper( l )  state relative 
to the mixture  of Cu + Cu(OAc)2. The ligand, L, de- 
composes  partially to the volatile starting materials which 
are removed in vacuo.  

Thus, copper( l )  acetate  in a mixture  of  acetonitr i le  and 
acetic acid must be stabilized by a special ligand. Diacet- 
amide was isolated f rom a reaction mixture  of acetonitr i le  
and acetic acid at room tempera ture  catalyzed by hydrogen 
chloride or copper( l )  acetate.  A similar product  was de tec ted  
with t r i f luoroacet ic  acid by its i.r. spect rum.  (NH stretch,  
3300 3 5 0 0 c m  - l  ) and its electronic spect rum (230 nm, 
¢ = ca. 10 2 ) but it was not isolated. 

One mole of diacetamide causes reduct ion  of :t half mole 
of Cu(OAc)2 with copper  metal, however,  the isolated 
product  was copper( l )  acetate con tamina ted  with a small 
amount  of  copper( l l )  acetate  and copper.  The s to ich iomet ry  
of the reaction is: 

Cu(OAc)2 + Cu + 2 MeCN • AcOl! 

2 CuOAc(MeCN ' AcOH) (in solution) 

2 CuOAc + 2 MeCN + 2 AtOl l  

However,  we believe that  the rate of  reduct ion  of copper( l  l) 
ion in the presence of  thc amide is a lmost  the same as in the 
acetonitr i le  : acetic acid system. Thus, we can not  discard the 
possible par t ic ipat ion of  the c - a c e t o x y i m i n e ,  MeC(NH)OAc,  

which has been f requent ly  cited as an in te rmedia te  in the for- 
mat ion of  d iacetamidc f rom acetonitr i le  and acetic acid but  
has yet  to be isolated (13). These findings must be vcrified by 

an x-ray s t ructure  de te rmina t ion  of  C u O T f  2 TfOH • 4 MeCN. 
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