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Copper(I) and Copper(II) Complexes of Tetramethyldiphosphinedisulfide.
IL. Isolation and Characterization of a Polymeric Copper(II) Precursor,
(Me,P,S,)CuCl,, to the Ultimate Copper(I) Product, [(Me,P,S,)CuCl],
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It has been found that the reaction of CuCl,-2H,0
with Me,P,S, in ethanol at room temperature affords
a small amount of a brown, crystalline product as well
as the major, white Cu(l) product, [(MesP,S,)CuCll,.
The brown compound decomposes to form the white
one if left in contact with the reaction mixture for a
few hours. X-ray crystallographic investigation has
shown that the brown compound has the stoichiometry
(MeaP,S,)CuCly and that it crystallizes as an infinite
polymer in which CuCl, groups (£ Cl-Cu—Cl = 141.4°)
are connected by Me,P,S, molecules. The latter retain
their anti rotational configuration and are thus incap-
able of chelating. The S—Cu—S angle is 137.3°; thus the
coordination geometry at copper(ll) is a flattened tetra-
hedron. The mean metal-ligand distances are: Cu—Cl,
2.22A and Cu=S = 2.33A. The principal crystallo-
graphic data are: space group, P2,/c; a = 6.138(1) A;
b = 15452(5)A; ¢ = 12.465(7)A; B = 93.30(40)°;
V=1180.1(8)A% Z=14.

Introduction

Meek and Nicpon'? have described the reactions of
the tetramethyl- and tetraethyldiphosphinedisulfides
with various copper(Il) saits, the products of which
were found to be copper(I) complexes of the R,P,S;
ligands. Their observations were that the copper(II)
was consistently reduced, rapidly and completely, to
copper(I) under the conditions they employed. In
contrast to this, it has been reported® that the com-
pounds (Me,P,S,;)CuX,, X = Cl, Br, can be isolated.
However, no details of their prcparation were given
and only the Cu and X analyses along with their ir
spectra were reported.

As reported in the preceding paper,® we conducted
a reinvestigation of one of the compounds described by
Meek and Nicpon,''? viz., the compound of empirical
composition [(CH3)4P,S,]CuCl, preparing it under
conditions explicitly designed to yield useful single
crystals. Under these conditions we obtained, in addi-
tion to the desired white cuprous compound, a crystal-

line brown product. This brown substance was obtained
in only about 10% the yield of the white substance and
was observed to decompose to produce the white
substance if left in contact with the reaction mixture
for several hours. These observations led us to hypothe-
size that the brown compound might be a copper(Il)
precursor to the final, white copper(I) product, perhaps
even the substance formulated as (Me,P,S,;)CuCl,
by Beg and his coworkers.? Since the brown substance
made itself available conveniently in the nature of
well-formed single crystals, its identity and structure
were investigated by X-ray crystallography.

Experimental

The preparation of the brown compound has been
described in the preceding paper.*

Collection of X-ray Data

A crystal of approximate dimensions 0.3 x0.1x0.1
mm was placed in a glass capillary and mounted on a
Syntex P1 computer-controlled, four-circle diffracto-
meter, equipped with a graphite-crystal monochromator
in the incident beam. The crystal was found to belong
to the monoclinic system. Least-squares refinement of
fifteen carefully centered reflections produced the
orientation matrix required to control data collection
and afforded the following unit cell dimensions: a =
6.138(DA; b = 15452(5A; ¢ = 1246571 A;
B = 93.30(4)°; V = 1180.1(8) A*>. Assuming a value
of Z equal to 4, the reasonable density 1.81 gem™ can
bc calculatcd. Attempts to measure the density were
unsuccessful because of the chemical instability of the
compound.

Data were collected in the range of 0° <20 =30°
using MoKa radiation. The ©-26 scan technique with
a variable scan rate from 4.0 to 24.0 deg/min was
used. The scan range was from 20(Mo Ka;) —0.9° to
20(Mo Ka;) +0.9°. In order to check the stability of
the measurement three reflections were selected as
standards and their intensities were recorded periodi-
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cally throughout data collection. Data collection beyond
20 = 30° failed due to an abrupt decrease of intensities.
A total of 583 reflections were collected and the usual
data reduction procedures were applied.” The param-
eter p used in the calculation of standard deviations on
the intensities (0(F,%) was assigned the value 0.05.
The linear absorption coefficient was 29.12 cm™ (Mo
Ka). As the conditions of the measurement did not
permit an accurate determination of crystal dimensions,
an absorption correction was not feasible.

Refinement of X-ray Data
Systematic extinctions of 1 = 2n+1 for hO! and
k = 2n+1 for OkO are consistent with space group

TABLE I. Observed and Final Calculated Structure Factors,
10]F,| and 10|F.|, for [(CH3)4P;S,CuCl,],.
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P2,/c. The copper atom was immediately located in
a three-dimensional Patterson map. The solution and
the refinement of the structure was carried out by the
usual sequence of difference Fourier syntheses and
full-matrix least-squares refinements. In the refinement
only those 386 reflections were used for which F,*>
30(F,?) and the quantity minimized was Xw(|F,|—
|[F.])?, where |F,| and |F.| are the observed and
calculated structure factor amplitudes, and w = 4F %/
o*(Fy?).

Because of the small data set no attempt was made
to locate the hydrogen atoms. The Cu, 2CI, 2S and 2P
atoms were refined anisotropically and the four carbon
atoms isotropically (a total of 80 varied parameters).
Final discrepancy indices of R; = X||F,|—|F.||/Z | F,|
= 0039 and R, = [Sw(|F|-|F|)*/ZwF,]"?
0.049 were reached at convergence. No parameter
changed by more than 0.01 times its standard devia-
tion in the final cycle of refinement. The error in an
observation of unit weight was 1.47 and the final dif-
ference Fourier map had no peak with an electron
density greater than 0.38 eA™, which may be com-
pared with the peak densities of the carbon atoms
which were in the range of 3.0 to 3.3 eA™,

A list of the observed and final calculated structure
factors is given in Table .

Figure 1. An ORTEP projection of the contents of one unit
cell in the x direction (the origin of the unit cell is at the
lower left corner, X axis is directed backward, Y axis upward
and Z axis to the right, providing a right handed system). The
atom numbering scheme used in the tables is shown. Each
atom is represented by its thermal vibration ellipsoid scaled
to enclose 50% of the electron density.
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The positional and thermal parameters are listed in
Table I1.

Results

The structure consists of infinite chains running
parallel to the y axis, as shown in Fig. 1. The Me,P,S,
ligands are extended in an anti rotational conformation
with each sulfur atom bonded to a different copper
atom. Each copper atom is surrounded by a very dis-
torted tetrahedral array of two chlorine atoms and two
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# Numbers in parentheses are estimated standard deviations'in the last significant digits.

P2
C1
C2
C3
C4

TABLE III. Important Interatomic Distances and Angles.”

1. Distances (Angstroms)

Average values

Cu-CI(1) 2.225(6)
Cu—CI(2) 2.206(6) } 2:215£0.010
Cu=s(1) 2.322(7)
Cu-5(2) 2.332(7) j 23270005
S(1)=P(1) 1.995(9)
$(2)-P(2) 1.991(9) } 1.993£0.002
P(1)-C(1) 1.83(2)
P(1)-C(2) 1.81(2) 1.82+0.02
P(2)-C(3) 1.80(2)
P(2)-C(4) 1.84(2)
P(1)-P(2) 2.220(8)
2. Angles (Degrees)
Cl(1)-Cu-C1(2)  142.4(3)
S(1)~Cu-S(2) 137.3(2)
CI(1)~Cu-S(1) 89.7(2)
CI(1)~Cu-S(2) 89.5(3)
CI(2)—Cu-S(1) 104.3(3)
CI(2)~Cu-S(2) 102.1(3)
P(1)-S(1)—Cu 109.5(3)
P(2)-S(2)—Cu 113.1(3)
Cl-P1-S1 115.9(7)
Cl-P1-P2 104.2(7)
C1-P1-C2 108.9(9)
C2-P1-S1 115.6(8)
C2-P1-P2 104.3(7)
$1-P1-P2 106.6(4)
C3-P2-S2 116.4(7)
C3-P2-P1 106.1(7)
C3-P2-C4 108.3(9)
C4-P2-S2 117.2(7)
CA—P2-P1 104.3(7)
$2-P2-P1 103.003)

2 Numbers in parentheses are estimated standard deviations

occurring in the last decimal place listed for each parameter.
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sulfur atoms. Interatomic distances and angles of
greatest interest are listed in Table TI1.

Discussion

The structure is a very reasonable one. It allows the
tetramethyldiphosphinedisulfide ligand to have a
sterically favorable anti rotational conformation. At
the same time the copper(Il) atom has a coordination
geometry which is one of its more common ones,
namely, a flattened tetrahedron. The instability of the
compound is evidently of chemical rather than struc-
tural origin. It can be ascribed to the ability of the
phosphine sulfide ligand to reduce Cu(Il) to Cu(I).
Apparently when equilibrium is reached this reduction
is complete and under the normal preparative con-
ditions used by Nicpon™? there was no opportunity
to isolate the intermediate cupric complexes. It would
be interesting to know the circumstances under which
Beg and coworkers obtained the cupric complexes.
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