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Currently known organocopper(I) compounds, which enjoy 
widespread use as reagents in organic synthesis,2 can be divided 
into two broad categories.3 The simplest are neutral compounds 
of the general formula (CuR)11 (R = alkyl or aryl groups; n = 4, 
most commonly). Ionic organocopper(I) compounds (organo-
cuprates) form the second major class of organocopper(I) species. 
These are generally obtained by the addition of more than 1 
equiv of an organolithium reagent to a copper salt. The best 
known examples correspond to the simple empirical formula 
LiCuR2 (i.e., Gilman reagents). A key feature of such compounds 
is the fact that the organocopper moiety invariably bears a negative 
charge. In effect, solid lithium organocuprates can be visualized 
as salt-like aggregates composed of lithium cations and orga-
nocuprate anions. Previously, there appears to have been no 
example of an alkyl or aryl organocopper compound in which a 
discrete organocopper(I) entity bears a positive charge. The 
synthesis and characterization of the first example of such a species 
is described below 

The compound [Cu3Ph2(PMDTA)2][Cu5Ph6], 1 (PMDTA = 
7V"̂ V»iV'̂ V"JV"-pentamethyldiethylenetriamine), was synthesized4 

by the treatment of phenylcopper5 with excess PMDTA in 
dimethyl sulfide (DMS) solution. The crystal structure of 1 
features discrete cations and anions6 arranged so that each 
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conditions. (CuPh)4-(DMS)2 (102 g, 1.5 mmol) was dissolved in DMS (20 
mL) and cooled to ca. -40 0C. PMDTA (6.2 mL, 29.5 mmol) was then added 
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asymmetric unit has two crystallographically independent half 
cation molecules (which have slightly different structures) and 
one anion. The structure of the anion [Cu5PlIt]- has a flattened 
trigonal bipyramidal array of five coppers and has metric features 
that are very similar to those previously described by Bau.7 The 
crystallographically independent cations, one of which is illustrated 
in Figure 1, display interesting and unique structural features. 
In each cation two phenyl groups bridge three copper atoms, 
Cu(2)-Cu(l)-Cu(2a) and Cu(4)-Cu(3)-Cu(4a), which are 
arranged in a (crystallographically imposed) linear fashion with 
Cu(l)-Cu(2) and Cu(3)-Cu(4) separations of 2.444(1) and 
2.392(1)A,respectively. TheC(l)-Cu(l),C(l)-Cu(2),C(16)-
Cu(3), and C(16)-Cu(4) bond lengths are 2.006(7), 1.989(5), 
1.980(7), and 2.064(5) A, respectively. The phenyl rings are 
oriented essentially perpendicular (86.5° and 83.8°) to the 
Cu-Cu-Cu axis, and the Cu-C-Cu angles are 75.4(2)° and 
72.5(2)°. The coordination at the terminal coppers is different 
in each cation, however. For Cu(4) the Cu-N distances to the 
three nitrogens of PMDTA are in the narrow range 2.152(5)-
2.187(5) A such that the terminal copper geometry is, in effect, 
distorted trigonal bipyramidal. In contrast, the Cu(2)-N 
distances have the values 2.087(5) A for N(2), 2.206(5) A for 
N(3), and a significantly longer 2.467(5)-A interaction for N(I). 
Apparently, there is little energy difference between the terminal 
coppers interacting equally with all three nitrogens as with Cu(4) 
and Cu(4a) or the variable strength interactions found for Cu(2) 
and Cu(2a). The relatively long Cu-C distances in the cation 
may be accounted for in terms of the fact that they involve bridging 
phenyl groups and terminal coppers with a high coordination 
number. 

The phenyl 1H and 13C NMR signals of 1 in DMS/toluene-</8 
(4:1 ratio) at 25 0C match an authentic sample of CuPh dissolved 
in DMS8 as well as displaying peaks due to free PMDTA. It 
appears that the copper solution species in this case is the tetramer 
(CuPh)4«(DMS)2,2.9 If this solution is cooled to-30 0C, however, 
two new sets of phenyl resonances (along with one new set of 
peaks attributable to bound PMDTA) are observed. Moreover, 
these two sets of phenyl peaks are in the intensity ratio of 1:3 and 
can be assigned to the cation and anion, respectively: S (cation) 
= 150.3 (ipsoC), 144.9 (o-C), 126.7 (m-C), 124.7 (p-C);5 (anion) 
= 145.7 (ipso C), 143.0 (o-C), 126.3 (m-C), and 124.9 (/>C) 
ppm. From the coalescence temperature of 5 0C, an energy barrier 
to the dynamic process of 15 ± 1 kcal mol-1 was calculated from 
an approximate formula.10 It is not known with certainty what 
the rate-determining step in this process is, but the overall 
equilibrium may be written as shown below. 

4DMS 
[Cu3Ph2(PMDTA)2] [Cu5Ph6] 3 = » 2[Cu4Ph4(DMS)2] 

1 2PMDTA 2 

The synthesis of 1 originated from attempts to isolate a 
monomeric solvated LxCuPh (L = donor ligand) molecule in 
order to establish a 13C NMR chemical shift of the ipso carbon 
in unassociated CuPh.8 This approach was based upon the 
observation that PMDTA breaks down (PhLi)4 to PhLi-
PMDTA.1» In the presence of excess PMDTA in DMS solvent, 
however, separation of a monomeric CuPh species was not attained 
even though all the solvating DMS molecules were displaced 
from the coordination sphere of copper. 

(7) Edwards, P. G.; Gellert, R. W.; Marks, M. N.; Bau, R. / . Am. Chem. 
Soc. 1982,104, 2072. 

(8) Bertz, S. H.; Dabbagh, G.; He, S.; Power, P. P. / . Am. Chem. Soc. 
1993,115, 11640. 

(9) Olmstead, M. M.; Power, P. P. / . Am. Chem. Soc. 1990,112, 8008. 
(10) Kost, D.; Carlson, E. H.; Raban, M. J. J. Chem. Soc., Chem. Commun. 

1971, 656. 
(11) Schumann, U.; Kopf, J.; Weiss, E. Angew. Chem., Int. Ed. Engl. 

1985, 24, 215. 

0002-7863/94/1516-6963$04.50/0 © 1994 American Chemical Society 



6964 /. Am. Chem. Soc, Vol. 116, No. 15, 1994 Communications to the Editor 

Figure 1. Thermal ellipsoidal plot of one of the crystallographically 
independent cations of 1. Interatomic distances (A) and angles (deg) are 
as follows: Cu(l)-Cu(2) = 2.444(1), Cu(I)-C(I) = 2.006(7), Cu(2a)-
C(I) = 1.989(5), Cu(2)-N(l) = 2.467(5), Cu(2)-N(2) = 2.087(3), 
Cu(2)-N(3) = 2.206(5), Cu(l)-C(l)-Cu(2a) = 75.4(2), Cu(I)-Cu-
(2)-N(3) = 151.2(1), C(la)-Cu(2)-N(l) - 113.5(1), Cu(la)-Cu(2)-
N(2) = 158.4(1), N(l)-Cu(2)-N(2) = 81.6(1). Note that each 
crystallographically independent cation possesses an inversion center at 
the central copper. 

The failure to prevent aggregation of copper centers in the 
cation may be attributed, at least in part, to the fact that PMDTA 
is a type-a donor and is ineffective in achieving separation of 
Cu+, a type-b cation.12 (Li+ is type-a.) In this system, at least, 
PMDTA appears to be incapable of fully solvating a separate 
copper center, and the partial solvation observed in 1 is the result. 
This situation stands in contrast to the complete separation of 
Cu+ cations observed when l,2-bis(diphenylphosphino)ethane 
(dppe) is added to CuAr (Ar = Ph or 2,4,6-Me3C6H2 (Mes)) to 
give [Cu(dppe)2] [CuAr2]

8'138 or when l,2-bis(dimethylphosphi-
no)ethane (dmpe) is added to CuMe to give [Cu(dmpe)2]-
[CuMe2].

13b Clearly, phosphine ligands (type b)" are more 
effective than amines in coordinating the Cu+ ion. 

Several kinds of clusters containing three copper atoms are 
known at present.14 In trimeric Cu(I) thiolates,15 amides,16 and 
carboranes,17 which are neutral, there is a triangular arrangement 
of Cu(I) atoms. This is also true for the Cu3CU- anion,18' in 
which a halide bridges two Cu(I) atoms on each of the three sides 
of a Cu3 triangle and one halide caps all three Cu(I) atoms. A 
similar arrangement of Cu(I) atoms and halides is present in 
Cu3(AsPh3J3Ir.

18b Trigonal bipyramidal complexes with three 
equatorial Cu(I) atoms and two apical Li19a or Ir19b atoms have 
been characterized. The Cu-S compounds [Cu3Si2]

3- and 
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3753. 

[Cu3SiS]3" have alternating Cu and S atoms in a six-membered 
ring which holds the Cu atoms in an equilateral triangle.20 Cu3 
triangles are also enforced in "cubane-like" structures such as 
(ReOS3)Cu3Cl4

2- and (ReS4)Cu3I4
2".21 A number of other, 

nonequilateral Cu(I) triangles are present in organometallic 
complexes.22 In contrast, few linear Cu3 complexes are known. 
(This discussion does not include one-dimensional, "nonmolecular" 
structures.14) 

The [Cu3Ph2(PMDTA)2]+ species is the first linear array of 
three Cu(I) atoms in which the linearity is not enforced by 
multidentate ligands. In 1 there are two tridentate ligands, but 
they merely complex one terminal Cu(I) atom each. In contrast, 
each tridentate iV5-ligand in [Cu{(EtOC6H4N)2N3}] 3 coordinates 
every copper atom,23 and the same is true for each dpmp ligand 
in [Cu3{(Ph2PCH2)2PPh}2(MeCN)2(/t-Cl)2][ClO4].

24 (Cur
rently, it appears that all linear Cu(II) complexes are held together 
by tridentate ligands.25-26) These structures have average Cu-
Cu distances of 2.35 and 3.28 A, respectively. One obvious 
difference is the fact that the PMDTA ligand has two spacer 
atoms between coordinating atoms rather than one. While the 
latter complex is cationic, [Cu3Ph2(PMDTA)2]+ is the first 
cationic organocopper compound with aryl (or alkyl) groups, 
which may have synthetic potential. 
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Note Added in Proof: After this manuscript was prepared, 
another complex with three Cu(I) atoms in a linear arrangement 
(4.5 A average separation) appeared.27 
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