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Crystal Structure of Propyltriphenylphosphonium
Dibromocuprate(I), [P(C;H7)(CgHs)s][CuBr;)
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Department of Inorganic Chemistry, Chalmers University of Technology and University of
Goteborg, S-412 96 Goteborg, Sweden

Crystalline tetraphenylphosphonium and tetraalkylammonium bromocuprates(I) have been
found to contain discrete anions, of various stoichiometries, in which copper(I) is two- or
three-coordinated.! Calculation of the ligand concentrations in these and related
compounds indicates that the configuration of the anion is determined by the degree of
dilution imposed on the ligands by the cations.® In order to examine the effect of the size of
the cation further, as well as that of lack of symmetry with respect to exposure of the positive
charge, attempts are being made to prepare crystalline bromocuprates(I) containinzg
unsymmetrical tetraalkylammonium and related cations. A discrete planar [Cu,BrsJ
dimer, similar to that in the tetraethylammonium compound,* has been obtained with
phenyltrimethylammonium as cation.” Ethyltriphenylphosphonium dibromocuprate(I) has,
however, been found to contain a nearly linear [CuBr,]” monomer.® Propyltriphenylphos-
phonium, which is slightly larger than ethyltriphenylphosphonium, would also be expected
to crystallize with a monomeric dibromocuprate(I) ion. In order to confirm this hypothesis,
crystals of ethyltriphenylphosphonium dibromocuprate(I) have been prepared and the
structure of the compound determined from single-crystal X-ray diffractometer data.

Propyltriphenylphosphonium dibromocuprate(I) was prepared by dissolving propyl-
triphenylphosphonium bromide and copper(I) bromide (molar ratio 1:1) in ethanol.
Colourless needles were deposited from the concentrated solution after a few days. Crystals
of [P(C3H;)(CgHs)s)[CuBr,], M,=528.7, are monoclinic, space group P2,/n (No. 14,%
non-standard setting), with a=10.222(4), b=13.423(6), c=15.814(8% A, B=98.05(4)°, Z=4,
D.=1.64 g cm™ and p(MoKa)=5.07 mm™.

Diffracted intensities from a crystal, 0.53x0.34x0.27 mm, were measured at approx-
imately 290 K for 20=<50° with a Syntex P2, diffractometer, using graphite-monochromated
MoKa radiation and the w—26 scan mode with a variable 26 scan rate of 2.5-29.3°min’. A
96-step profile was recorded for each reflection and the Lehmann and Larsen profile-
analysis method'® was used to calculate the intensities.'! Of the 3804 independent
reflections measured, excluding those systematically absent, 2219 had 7>3.0 o(I) and were
considered observed. Correction was made for Lorentz and polarisation effects; an
empirical correction 2 for the effects of absorption was made after solution of the structure.
The unit-cell dimensions were determined from diffractometer setting angles for 15
reflections.

The atomic coordinates of the anion and subsequently those of the cation were
determined by direct methods (MITHRIL;!* DIRDIF '*). Full-matrix least-squares refine-
ment 5 of positional and isotropic thermal parameters gave R=0.097; after an empirical
correction “ for the effects of absorption R=0.075. Inclusion of anisotropic thermal
parameters and of positional parameters for the hydrogen atoms (located from a difference
map %), the isotropic thermal parameters of the latter being set equal to the equivalent
isotropic values of the carrying carbon atoms (see Table 1) gave a final R of 0.037 (292
parameters; 2219 reflections). Atomic scattering factors were taken from the International
Tables for X-Ray Crystallography®® and the F, values were weighted according to
w=L02(Fo)+0.0006F,2,]‘ . A final difference map showed a maximum electron density of 0.32
eA™. Atomic coordinates and equivalent isotropic thermal parameters for the non-
hydrogen atoms are given in Table 1. Structure factors, anisotropic thermal parameters,
hydrogen-atom coordinates, carbon-hydrogen distances, and bond angles within the cation
may be obtained from the authors.

Discussion. As expected, the anion in propyltriphenylphosphonium dibromocuprate(I)
is monomeric (Fig. 1). The geometries of monomeric dibromocuprate(I) ions determined in
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Table 1. Fractional coordinates and equivalent isotropic thermal parameters (A?) for the
non-hydrogen atoms in [P(C;H;)(CgHs)3])[CuBr,]. B, is defined as 81:2/322U,-,a7a‘,-‘a,--a,-.
Estimated standard deviations are given in parentheses. ij

Atom x y z Beq
Cu 0.72199(7 0.06569(5 0.29463(4 5.21(2
Br%l 0.69789(7 0.11688(5 0.42588(4 6.20(2
Br(2 0.73353(7 0.03119(5 0.15826(4 6.27(2
P 0.21041(13) 0.03753(9 0.30506(8 3.46(3
c(11 . 0.1512(3 0.3575(3 4.0(1
C(12 0.1908(4 0.3417(4 5.0(2
C(13 0.2810(5 0.3792(5 6.1(2
C(14 0.3306(5 0.4312(4 6.2(2
C(15 0.2929(5 0.4462(4 6.8(3
C(16 0.2023(4 0.4107(4 5.2(2
C(21 —0.0502(3 0.3104 3; 3.7(1
C(22 -0.1208(4 0.2474(4 5.1(2
C(23 —0.1926(4 0.2559 5; 6.0(2)
C(24 —0.1935(5 0.3274(5 6.1 2%
C(25 —0.1235(5 0.3905(5) 6.4(2
C(26 0.0164(6 —0.0521}4 0.3826(4 5.&2
C(31 0.2255(5 0.0662(3 0.1958(3 3.6(1
32 0.3472(6 0.0867(5 0.1724(4) 5.42
C(33 0.3578(8 0.1178(5 0.0902(4 6.4§2)
34 0.2466(8 0.1262%4 0.0299(4 6.1(2)
C(35 0.1256(8 0.1044(5 0.0533(4) 6.6(2
C(36 0.1127(7 0.0747§5 0.1351(4 5.3(2
41 0.3618(6 —0.0153(4 0.3577(3 4.3(2
C(42 0.3946(7 —0.1177(5; 0.324654 5.8(2
C(43 0.5223(8 —-0.1596(6 0.3679(6) 7.2(3

compounds containing tetrabutylammonium, tetraphenylphosphonium and alkyltriphenyl-
phosphonium cations are compared in Table 2. There are small but statistically significant
differences between Cu—Br distances, both within individual anions and between anions in

different compounds.

173184)°

2.225(1) A 2.232(1) A

Fig. 1. The dibromocuprate(I) ion in
[P(C3H;)(C¢Hs)s)[CuBr,]. Estimated stan-
dand deviations in the distances and angle
are given in parentheses. The thermal ellip-
soids enclose 50 % probability.!¢

Fig. 2. The propyltriphenylphosphonium
ion showing the atomic numbering. The
thermal ellipsoids enclose 50 % proba-
bility.!® Hydrogen atoms have been
omitted.
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Table 2. Comparison of monomeric dibromocuprate(]) ions crystallizing with tetrabutylam-
monium, tetraphenylphosphomum and alkyltriphenylphosphonium cations. Distances are m
and angles in °. The ligand concentration in the crystalline phase is given in mol dm™.

Compound

Br—-Cu—Br

Ref.

[N(C4H9)4 C“szl]
P(CgHs)4[CuBr,

[P(C3H;)(CeHs)s][CuBr]
[P(C;H5)(CeHs)s][CuBry)

180
173.62(7)

1 173.18(4)
2§ 175.0(1)

2
1

Present work

8

Table 3. Interatomic distances (A) within the propyltriphenylphosphonium cation.
Estimated standard deviations are given in parentheses.

P-C(21
P-C(31
P-C(41
c(11)-C(12
C(12)-C(13
13)-C(14
14)-C(15
1
1

P—Cgll

C
C
C(15)-C(16
C(16)—-C(11)
C(21)-C(22)
C(22)-C(23)

C(23 c24
C(24 czs
C(25)-C(26
C(26)-C(21
C(31)-C(32
C(32)-C(33
C(33)-C(34
C(34)-C(35
C(35)-C(36
C(36)-C(31
C(41)-C(42

C(42)- C(43)
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Fig. 3, Stereoscopic view !° of the unit cell. All atoms are represented as spheres of radius

0.05 A. Hydrogen atoms have been omitted.
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The ligand concentration in the solid state (Table 2) is of the same order in all four
compounds and is seen to decrease with decreasing size of the cation. That tetrabutylammo-
nium, which is formally larger than the other cations, is associated with a higher ligand
concentration than tetraphenylphosphonium and propyltriphenylphosphonium can un-
doubtedly be ascribed to the greater rigidity of the phenyl rings as compared with the butyl
chains, leading to larger effective volumes for the two latter cations. A similar effect has
been noted® for tetrabutylammonium dichlorocuprate(I) in comparison with the tet-
raphenylarsonium and tetraphenyl?hosphonium analogues® and for bis(tetrabutylammo-
nium) di-p-iodo-diiododicuprate(I) '’ in comparison with the corresponding tetraphenylar-
sonium compound.'® The tetrabutylammonium cation would appear (Table 2) to have an
effective volume intermediate between that of propylitriphenylphosphonium and that of
ethyltriphenylphosphonium.

It would seem likely that the positive charges on all four cations cited in Table 2 are
sufficiently well screened for the lack of symmetry with respect to charge exposure in the
propyltriphenylphosphonium and ethyltriphenylphosphonium cations to be of less import-
ance than the net size, for the determination of the anionic configuration. The ligand
dilution in the solid state required for the attainment of discrete bromocuprate(I) species
containing two-coordinated copper(I) would appear to lie between 6.50 and 10.3 mol dm™,
which is the value obtained® for [Br] in [N(C;H7)4[Cu,Brg).3

The propyltriphenylphosphonium cation is depicted in Fig. 2 and distances within the
cation are given in Table 3. There is less variation in the phosphorus-carbon distances in the
present compound than in tetraphenylphosphonium dibromocuprate(I) and ethyltriphenyl-
phosphonium dibromocuprate(I) where P—C range from 1.768(7)—1.794(7) ,f,‘ and
1.756(10)—1.810(9) A ® respectively. As in ethyltriphenylphosphonium dibromocuprate(I),
the shortest Cu---C contact is to a phenyl group, viz. Cu---C(25)=3.465(7) A. This distance
is intermediate between the shortest such distance in tetraphenylphosphonium dibromocup-
rate(T), 3.387(8) A,! and that in ethyltriphenylphosphonium dibromocuprate(I), 3.56(1) A.%
The shortest contact between bromide and carbon, Br(2)---C(34%)=3.678(7) A, is of the
same order as those in [P(CgHs), [CuBrZ;, 3.668(10)—3.681(8) A,! but slightly shorter than
the shortest such distance in [P(C,Hs)(CeHs)s][CuBry), 3.77(1) A2 %symmetry code:
():1+x, y, z; (id): 1-x, y, Z].
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