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Abstract 

The copper(I) halide adducts with tri-m-tolylphosphine are prepared and studied by spectroscopic methods. The 
crystal structure of [Cu,I,{P(m-tolyl),},] is reported. The title compound crystallizes in the Pl space group with 
a = 17.729(l), b = 13.682(2), c = 24.635(3) (A), (Y = 117.769(4), p = 104.966(4), y= 107.536(3)” and Z = 2. The versatility 
of the above adducts as revealed by the present and analogous compounds is investigated computationally using 
EHT calculations. These support the relative stability of the observed geometric arrangement in relation to ones 
where both copper atoms possess identical local environments, either trigonal planar or pseudotetrahedral provided 
that the phosphine bulk is not the determining factor in the complex formation. 

Introduction 

The protean structural behaviour of copper is not 
limited to the extensively studied CL?+ ion with its d9 
configuration but involves the d” Cu’+ as well. In an 
effort to unravel the factors influencing it in the latter 
case, several ligand combinations have been used [l], 
inducing different steric demands and electronic effects 
in the metal’s coordination sphere. We regard mono- 
dendate ligands more useful, since they introduce min- 
imal intraligand steric interactions which complicate 
the coordination environment. Tertiary phosphines es- 
pecially appear very interesting because they cover a 
wide range both in steric and electronic effects. Nu- 
merous studies on copper(I) halide-tertiary phosphine 
reactions and their products have been published [2] 
and a variety of structures obtained, ranging from 
binuclear three-coordinate Cu(1) species of the formula 
[CuX(PR,)], [3] to cubane-like ones [CuX(PR,)], [4], 
containing both three- and four-coordinated copper 
atoms but the pre-determination of the preferred struc- 
ture in each case has not yet been achieved. 

Aiming at the expansion of the series of tertiary 
phosphine-copper(I) compounds studied and inspired 

*Author to whom correspondence should be addressed. 

by the fact that mixed ligand Cu(1) coordination com- 
pounds with heterocyclic thiones and tricyclohexyl [5] 
or tri-o-tolylphosphine [6] gave rise to mononuclear 
three-coordinate compounds whereas tri-m- and tri- 
p-tolylphosphine produced dimer compounds with te- 
trahedrally coordinated copper atoms [7], we undertook 
the present investigation on the structure of tritolyl- 
phosphine adducts of copper(I) halides. We have been 
using these species for quite some time as non-isolated 
precursors for the preparation of the aforementioned 
mixed ligand complexes. The crystal structure of the 
title compound, prepared in acetonitrile is discussed 
in view of EHT computational results, while a more 
thorough study, involving all three tritolylphosphines 
is currently under way. 

Experimental 

Materials and instruments 
The tolylphosphine (Aldrich) and copper(I) halides 

(Merck) were used as received and the solvents were 
dried by conventional methods prior to their use. A 
Perkin-Elmer 1430 spectrophotometer was used to re- 
cord IR spectra (KBr pellets), the UV-Vis spectra 
were obtained on a Shimadzu 160 A spectrophotometer 
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Fig. 1. PLUTO drawing of the dimer unit of [Cu,I,{P(m-toI),},]. 

The G-1 distances of 2.543(l) and 2.555(l) 8, for 
the trigonal copper atom lie towards the higher limit 
of those observed for trigonal Cu(1) compounds (ref. 
13 and refs. therein), while the values of 2.757(l) and 
2.776(l) Aobserved for the tetrahedral one are definitely 
larger than those reported for example in [CuI(PPh,)], 
[14] (2.620(2)-2.728(2) A). The bond lengths observed 
form two sets of closely lying values and are on average 
slightly longer than the ones reported for 1, which vary 
within wider limits. As a consequence, the cop- 
per-copper separation is 3.005(l) A and does not raise 
the question of metal-metal interaction as has 
been the case in several analogous compounds, 
where this distance is certainly lower in magnitude. 
The Cu-Cu vector almost bisects the I-Cu-I 
angle (Cu2-Cul-Il = 52.0( 1)” while Cu2-Cul-12 = 
52.4(l)“). 

The Cu-P bond of the three-coordinate copper 
(2.236(l) A) is normal, while for the tetrahedral copper 
the two almost equivalent (2.279(l) and 2.283(l) A) 
bonds are longer than those observed in [CuI(PPh,)],, 
(2.228(5)-2.242(4) A). On average, the Cu-P bond 

lengths are 0.015 8, longer than their counterparts in 
1 and 0.030 8, than in Cu,Cl,(PPh,), [14a]. 

The angles around the two copper atoms are closer 
to the ideal ones (i.e. 118(l)” for the trigonal one and 
104.4(l)” for the tetrahedral one) than in any of the 
related compounds, on the other hand, owing to in- 
terligand repulsions, the P-Cu-P angle in the tetrahedral 
copper is clearly greater (130.8(l)“) than that in 1 
(125.2”). These interligand repulsions provoke a slight 
elongation of the P-C bonds (on average 1.835 versus 
1.830 A) and a closing of the C-P-C angles (on average 
102.9 versus 103.6”) in the neighbouring phosphine 
ligands coordinated to the tetrahedral copper rela- 
tive to the single one coordinated to the trigonal 
copper. 

Finally, a general remark ought to be made in con- 
nection with the overall structure. The present com- 
pound is more ‘planar’ than most of the compounds 
with a CL& core, which usually appear folded around 
the I-I axis [13-E]. The dihedral angle between the 
(Cul, 11, 12) and (Cu2, 11, 12) planes is 8.56”; relative 
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