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The crystal structure of [tri(o-methoxyphe 6);l)phosphme]zCuzBrz shows it to be a halogen-bridged
dimer with three-coordinated Cu (I) sites. The Cu NQR frequency of the corresponding chloride indi-
cates that it has a similar structure. The *Cu NQR frequencies of the complexes of tri(p-tolyl)phos-
phine, L;Cu,X,, with cuprous chloride and bromide are consistent with their having halogen-bridged
structures with both three- and four-coordinated Cu(I) sites analogous to those formed by triphenyl-
phosphine and tri(m-tolyl)phosphine. Cu(I) sites. [CuBr (P (C;H;0);],; Triclinic, P 1,Z=2,a=8.969(1),

b=10.510(2), c=11.428(2) A, @=99.46(1), B=97.95(1), y=104.17(1)°, R=3.5%, R ,=2.2%.

Introduction

We have previously shown [1], by a combination of
X-ray crystallography and %*Cu NQR spectroscopy, that
the 1:1 complexes formed between tri(o-tolyl) phos-
phine and the cuprous halides have dimeric halogen-
bridged structures with planar three-coordinated Cu(I)
atoms analogous to those of tri(o-cyclohexyl)phosphine
[2] rather than the tetrahedrally coordinated sites that are
found in (Ph3PCuCl), [3] or (Ph;PCuBr), [4]. When the
ratio of ligand to halide is increased, triphenylphosphine
forms complexes such as (Ph;P);CuX, [5, 6], where both
three and four-coordinated sites are present, and the
three-coordinated (Ph;P),CuX [7]. In all these complex-
es the ®*Cu NQR frequency permits a clear distinction
between the three-coordinated and the four-coordinated
Cu(I) sites [1, 8-10]. We report here the results of a sim-
ilar study of the complexes of tris(o-methoxyphe-
nyl)phosphine and of tri(p-tolyl)phosphine.

Experimental
Preparations

[(0-CH3;0C¢H,);PCuX],, X=Cl, 1; X=Br, 2, were
prepared by refluxing 0.005 mole of ligand and 0.005
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mole of CuX in acetonitrile for 1 hour. After cooling to
room temperature, the solid complex was filtered off and
recrystallised from either acetone or dichloromethane.
[(p-CH;CeH,4)3P]3Cu,X,, X=Cl, 3; X=Br, 4, were pre-
pared by the dropwise addition of a solution of 0.005
mole of CuX, in ethanol to a solution of the ligand
(0.0125 mole) in ethanol at 60°C. The resulting precip-
itate was purified by recrystallisation from acetone.
3 crystallizes with one molecule of acetone. Attempts to
prepare the corresponding iodides of both series of com-
plexes did not result in the formation of well-defined pro-
ducts. All four complexes gave satisfactory analyses (%):

1 C=560], H=474, C21H2103PCUC1=5588, 4.69.
2C=50.81; H=431; C,,H, O;PCuBr=50.87, 4.27.
3C=6731: H=588; CgHgsPsCu,Cl,(CHs),CO=

6780, 5.95. 4 C =6281 H H= 533, C63H63P3CUZBI'2=
63.06, 5.29. We thank Dr K. Eder of the Geneva Univer-
sity Microanalytical laboratory for these analyses.

X-Ray Crystallography

Single crystals of 2 were obtained by slow evapora-
tion from dichloromethane solution. The cell parameters
(from 22 reflections with (22°<2 60<29°) and diffracted
intensities (-9<h<9, —-11<k<l11, 0<i<12) were mea-
sured at room temperature on a STOE STADI4 diffrac-
tometer with graphite-monochromated Mo[K «] radi-
ation (1=0.71069 A). Two reference reflections, mea-
sured every 45 min, showed variations less than 2.8 o (I).
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Table 1. Summary of crystal data, intensity measurement and
structure refinement for 2.
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Table 2. Atomic coordinates and equivalent isotropic displa-
cement parameters (A%) with e.s.d.’s in parenthesis for 2.

Formula [CuBr(P(C;H;0)3)]»
Mol. wt. 495.8
Crystal system Triclinic
Space Group

a(A) 8.969 (1)
b(A) 10.510 (2)
c(A) 11.428 (2)
a(®) 99.46 (1)
B(©) 97.95 (1)
7(°) 104.17 (1)
V(A% 1012.2 (3)

Z p)

F (000) 500

Dc (gr - cm’3) 1.63

i (MoKa) (mm™ 3.150

((sin 6)/A) jpax (A7) 0.54

No. measured reflections 2837

No. observed reflections 2064
Criterion for observed |F l<40(F,)
Refinement (on F) Full-matrix
No. parameters 307
Weighting scheme 0=1/0*(F,)
Max. and average A/o 0.036, 0.0013
Max. and min. Ap (e - A7) 0.48,-0.55
st 1.98

R, oR® 0.035, 0.022

L S=[Z{((FomFIIO(F) YNeer—Nar)]'?: 2 R=IIFI-IFI/
SIF,1 0R=3(0IF - IF Y'Y ol F,".

x/a /b Jc U™
Br 0.64644 (7) 0.41935(6) 0.57351(5) 0.0501 (3)
Cu 0.53450 (8) 0.59711 (6) 0.62346 (5) 0.0442 (3)
P 0.5308 (2) 0.7517 (1) 0.7766 (1) 0.0314(5)
O (1) 0.2304 (4) 0.5584 (3) 0.7154 (3) 0.048 (2)
O (2) 0.6122 (5) 0.8927 (4) 0.5888 (3) 0.063 (2)
O (3) 0.7590 (4) 0.6352 (3) 0.8903 (3) 0.047 (2)
C (1) 0.3425 (5) 0.7889 (5) 0.7557 (4) 0.029 (2)
C (2) 0.2078 (6) 0.6824 (5) 0.7193 (4) 0.036 (2)
C (3) 0.0626 (7) 0.7060 (6) 0.6952 (5) 0.050 (3)
C (4) 0.0537 (8) 0.8363 (7) 0.7094 (6) 0.060 (3)
C (5) 0.1824 (8) 0.9411 (6) 0.7464 (5) 0.053 (3)
C (6) 0.3258 (7) 09174 (5) 0.7695 (5) 0.040 (2)
C (7) 0.1095 (8) 0.4438 (7) 0.6476 (6) 0.060 (3)
C (8) 0.6746 (6) 09137 (4) 0.7955 (4) 0.031 (2)
C (9) 0.7021 (6) 0.9665 (5) 0.6949 (4) 0.040 (2)
C(10) 0.8129 (8) 1.0849 (6) 0.7047 (5) 0.052 (3)
C(11) 09024 (7) 1.1517 (6) 0.8151 (6) 0.057 (3)
C(12) 0.8788 (7) 1.1018 (6) 0.9158 (6) 0.055 (3)
C(13) 0.7644 (7) 0.9831 (5) 0.9062 (5) 0.042 (2)
C(14) 0.654 (1) 0.9225 (9) 0.4788 (7) 0.093 (4)
C(15) 0.5505 (5) 0.7187 (4) 0.9290 (4) 0.028 (2)
C(16) 0.6625 (5) 0.6566 (4) 0.9689 (4) 0.030 (2)
C(17) 0.6741 (6) 0.6237 (5) 1.0810 (5) 0.038 (2)
C(18) 0.5748 (7) 0.6560 (5) 1.1557 (5) 0.045 (2)
C(19) 0.4667 (7) 0.7200 (5) 1.1213 (5) 0.043 (2)
C(20) 0.4558 (6) 0.7511 (5) 1.0082 (5) 0.038 (2)
C(21) 0.8630 (7) 0.5557 (6) 09148 (6) 0.050 (3)

* U, is the average of eigenvalues of U.

Bond lengths

Table 3. Selected bond lengths (A),
bond angles and torsional angles (°)

Cu-Cu’ 3.0850 (9) Cu-P 2.194 (1) for 2.
Br-Br’ 3.807 (1) P-C (1) 1.818 (5)
Cu-Br 2.356 (1) P-C (8) 1.826 (4)
Cu-Br’ 2.5406 (9) P-C (15) 1.825 (5)
Bond angles

Br-Cu-Br’ 101.99 (3) Cu-P-C (8) 115.8 (2)
Cu-Br-Cu’ 78.01 (3) Cu-P-C (15) 120.1 (2)
Br-Cu-P 141.38 (5) Cl1-P-C (8) 104.6 (2)
Br'-Cu-P 116.53 (5) C1-P-C (15) 102.6 (2)
Cu-P-C (1) 109.1 (1) C8-P-C (15) 102.9 (2)
Torsional angles

Br-Cu-P-C (1) -150.5 (2) C(7)-0(1)-C(2)-C(1) -162.2 (5)
Br-Cu-P-C (8) 91.8 (2) C(14)-0(2)-C(9)-C(8) -166.5 (6)
Br-Cu-P-C (15) -32.7(2) C(21)-0(3)-C(16)-C(15) -171.3(4)
Cu-P-C (1)-C(2) 45.5(4) Cu-P-C(8)-C(13) -134.54)
Cu-P-C (15)-C(16) 44.1 (4)

Data were corrected for Lorentz and polarization effects
and for absorption by analytical integration [11] from the
crystal shape. The structure was solved by direct meth-
ods using MULTAN 87 [12]; all other calculations used
XTAL [13] system and ORTEP [14] programs. Atomic
scattering factors and anomalous dispersion terms were
taken from [15]. All coordinates of the hydrogen atoms
were observed and refined. A summary of crystal data,

intensity measurement and structure refinement is given
inTable 1. Final coordinates and selected geometrical pa-
rameters are reported in Tables 2 and 3, respectively.

NOR

NQR spectra were measured on a Decca super-regen-
erative spectrometer, frequencies being compared to har-
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Fig. 1. Perspective view of the crystal structure of 2 with the atomic numbering. Ellipsoids are represented with 40% probabili-

ty.

monics from an internal crystal-controlled oscillator.
Temperatures were measured with a Hewlett-Packard
2802 digital thermometer and varied between 77 K and
room temperature with an Artronix 5301-E temperature
controller. Although results are only reported for *Cu, the
resonances for the *Cu were always observed with fre-
quencies equal to 0.925 times that of the >Cu, thus en-
suring that the resonances have been correctly attributed.

Results and Discussion
X-Ray Crystallography

The [tri (o-methoxyphenyl)phosphine],Cu,Br, struc-
ture (Fig. 1) does not differ essentially from that of its
tri(o-tolyl) analogues [1]. The molecule is located about
a center of inversion. Consequently the Cu,Br, moiety
is planar and, since the phosphorus atom is located in the
same plane (deviation=0.09 A), the triphenylphosphine
moieties are staggered (Figure 2). Contrary to the
tri(o-tolyl) analogues, the co-ordination at the Cu(I) at-
om shows some distortions from a regular trigonal site:
Both Cu-Br bonds differ by approximately 0.2 A and the
P-Cu-Br bond angles by more than 24° (Table 3). The
three phenyl rings of the asymmetric unit form an almost
regular propeller (angles between their mean planes and

Fig. 2. Perspective view of 2 showing the pseudo 3 symmetry
and the coplanarity of the methoxy substituent O (3)-C(15)
with the Cu,Br, plane.

the Cu-Pdirection=45.7,49.9 and 51.1°). All the o-meth-
oxy substituents are oriented toward the inner space of
the molecule with their methyl group trans relative to the
carbon atom bonded to the phosphorus (torsion angles
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Table 4. ®3Cu NQR frequencies at 77 K of 1-4 together with
the parameters of their temperature dependence.

Complex vy Vo A B
(MHz) (MHz)  (kHzK™) (HzK?)

1 30.673 31.100 -4.32 —TA7

2 29.128 29.599 -5.50 -2.48

3 31.050%

4 31.197 31.701 -6.32 4.93

* Measured at room-temperature.

CP-C-O-C methyl=—162.2(5), —166.5(6), —171.3(4)°
for CP=C(1), C(8) and C(15) respectively).

Stacking interactions, involving the phenyl rings
C(15)-C(20), occur along the c direction through the in-
version center in 1/2, 1/2, 0 (mean interplane distance=
3.383(9) A (Figure 3). This interaction leads the meth-
oxy substituent O(3)—C(21) to be in the same plane as
Cu,Br, (deviations=0.04 and 0.01 for O(3) and C(21)
respectively, see also Fig.2) and could explain the
observed opening of the bond angles P-Cu-Br and
Cu-P-C-C(15).

NOR

Table 4 shows the ®*Cu NQR frequencies of 1 to 4,
measured at 77 K. In all cases ®*Cu frequencies were ob-
served at a frequency equal to 0.925 times that of the cor-
responding ®Cu resonance. The temperature-depen-

Fig. 3. View of the stacking
interaction along the ¢ direc-
tion for compound 2.

dence of these frequencies was observed in the range
77 K to room temperature. Except for 3, whose signals
were weak and could only be detected at room-temper-
ature, the resonances were observable over the whole
temperature range and showed no discontinuities indic-
ative of a phase-change. For these three compounds the
temperature-dependence could be expressed as a quad-
ratic:

Vr=Vo+AT+BT?. (1

Table 1 shows the coefficients of this equation, which are
typical of other complexes of this type.

The resonance frequencies of 1 and 2 fall in the same
range as those of the corresponding complexes of
tri(o-tolyl)phosphine and, as is almost always the case,
the frequency of the chloride is higher than that of the
bromide. However, although the molecular geometry of
the Cu site in 2 is very similar to that of the tri(o-tolyl)-
phosphine complex, the resonance frequency is 1.7 MHz
lower. A possible explanation of this may reside in a weak
interaction between the Cu(I) atom and the three oxygen
atoms of the methoxy groups. These three atoms are ar-
ranged in an approximately equilateral triangle above the
Cu(I) atom with Cu-O distances of 3.017, 3.117 and
3.320 A respectively.

The molecular formulae of 3 and 4 suggest that their
structures are analogous to those of (Ph;P);CuX, [5, 6]
and of tri(m-tolyl)phosphine [16], with both three- and
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four-coordinated sites. The single resonance frequency
of 3 and 4 is typical of a three-coordinated site and is very
similar to that observed in the analogous triphenylphos-
phine complexes, and, as usual, the frequency of the chlo-
ride is higher than that of the bromide. We were unable
to observe resonances typical of a four-coordinated site
that we would have expected in the region of 14 MHz
[9], where, however, our spectrometer is less sensitive.

Conclusion

The crystal structure of 2 shows it to be a halogen-
bridged dimer with three-coordinated Cu(I) sites. The
3Cu NQR frequency of 1 indicates that it too has a sim-
ilar structure. The **Cu NQR frequencies of 3 and 4 are
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