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Crystal Structure of Bis(phenyltrimethylammonium)
Di-u-bromo-dibromodicuprate(I)

STAFFAN ANDERSSON and SUSAN JAGNER
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Gaoteborg, S-412 96 Goteborg, Sweden

The crystal structure of the title compound has been determined from single-crystal X-ray
diffraction data. [N(C¢Hs)(CHj)3];[Cu,Br,] crystallizes in space group P1 with a=9.127(4),
b=9.266(3), c=17.914(2) A, a=96.96(3), p=92.10(3), y=67.36(3)° and Z=1. Full-matrix
least-squares refinement of 160 structural parameters gave R=0.035 for 1588 observed
[I>3.00(0)] reflections.

The [Cu;Br,)*> anion is a discrete centrosymmetric dimer containing approximately
trigonal-planar coordinated copper(I). The Cu—Briemina distance is 2.310(1) A; the
Cu—Bryrigging distances are 2.417(1) and 2.421(1) A and the Cu-:-Cu separation 2.738(2) A.

Crystalline tetraalkylammonium bromocuprates(I) investigated hitherto have been found to
contain discrete anions.'™ (NH,),[CuBr;), on the other hand, contains chains of Cu(I)~Br
tetrahedra linked through vertices.’ In tetrabutylammonium dibromocuprate(I) the anion is
a linear monomer;! in the compounds obtained with tetrapropylammonium, tetraethyl-
ammonium and tetramethylammonium as cations, viz. [N(C3H;)s[CusBrg],?
[N(C;Hs)4l[CuzBry],® and [N(CHj)4Js[Cu;Brs),* copper(I) is, however, approximately
trigonal-planar coordinated. Tetraphenylphosphonium, which is similar in shape to, but
slightly smaller than, tetrabutylammonium, and which might be expected to have a
somewhat less well-screened positive charge, crystallizes with an almost linear monomeric
[CuBr,]~ ion.® There would thus seem to be a tendency towards increased coordination
number of copper(I) with decreasing size of, and less well-screened positive charge on, the
cation. In order to examine this tendency further, as well as factors promoting
—Br—Cu—Br- catenation, attempts are being made presently to prepare bromocuprates(I)
with unsymmetrical quaternary alkyl- and arylammonium and phosphonium cations.
Crystals of phenyltrimethylammonium dibromocuprate(I) have thus been obtained and the
structure of the compound investigated.

EXPERIMENTAL

Bis(phenyltrimethylammonium) di-y-bromo-dibromodicuprate(I) was prepared by dissolv-
ing phenyltrimethylammonium bromide and copper(I) bromide (molar ratio 1:1) in ethanol.
Colourless prisms of [N(CgHs)(CH;);}[Cu,Bry] were deposited from the concentrated
solution after a few days.
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Table 1. Fractional coordinates and equivalent isotropic thermal parameters (A?) for the
non-hydrogen atoms in [N(C6H5)(C}§(S3]2[Cu2Br4] B is defined as

8723 ZZU';a’-'a’?a--a,- Estimated standard deviations are given in parentheses.

Atom x y z Beq
Cu —-0.13244(8 0.08684(8 0.09766(9 4.14(2
Brglg —0.36441(7 0.22924(6 0.25048(8 4.06(2
Br(2 0.03483(7 —0.18482(7 0.12475(8) 4.43(2
N 0.3877(5 0.2867(4 0.7661(5) 3.1(1
C(1 0.4290(9 0.1319(8 0.8360(9) 5.0(2
C(2 0.2875(8 0.4139(8 0.8979 8; 4.3(2
C@3 0.5381(7 0.3111(8 0.7414(9 4.5(2
C(4 0.2977(6 0.2936(6 0.6041 6; 2.9(2
C(5 0.2547(8 0.1739(7 0.5371(8 4.1(2
C(6 0.1693(8 0.1857(9) 0.3876(9) 5.1Q2
C(7 0.1334(8 0.3154(10) 0.3051(9) 5.3(3
C(8 0.1757(8 0.4369(8 0.3723 8; 4.7(2
C(9 0.2591(7 0.4284(7 0.5218(7 3.7(2

Crystals of [N(C6H5g(CH3)3]2[Cu2B ry], M,=719.1, are triclinic, space group P1, with
a=9.127(4), b=9.266(3 914(2) .& a=96. 96(3) p=92. 10(3) y=67.36(3)°, Z=1,
D.=195 g cm™ and pu(MoKa)=8.70 mm™. Diffracted intensities from a crystal
0. 19x0 18%0.16 mm, were measured at apprommately 290 K for 20<50°, on a Syntex P2,
diffractometer, using graphlte-monochromated MoKa radiation and the &—20 scan mode
with a variable 20 scan rate of 2.5—15° min™’. A 96-step proﬁlc was recorded for each
reflection and the Lehmann and Larsen proﬁle-ana]ysns method’ was used to calculate the
intensities.® Of the 2168 independent reflections thus measured, 1588 had I>3.00(/) and
were regarded as being observed. Intensities were corrected for Lorentz and polarisation
effects; and empirical correction ® was made for the effects of absorption after solution of the
stsructure. The unit-cell parameters were determined from diffractometer setting angles for

15 reflections.

STRUCTURE DETERMINATION AND REFINEMENT

The atomic coordinates of the anion and subsequently those of the cation were determined
by direct methods (RANTAN 81;!° DIRDIF !!), Full-matrix least-squares refinement 2 of
positional and isotropic thermal parameters gave R=0.129; after an empirical correction®

Br2

Fig. 1. 'The di-p-bromo-dibromodicup- Fig. 2. The phenyltrimethylammonium ion

rate(I) ion in [(C¢Hs)(CHj)3l,[Cu,Bry] showing the atomic numbering. The thermal

showing the atomic numbering. The thermal ellipsoids enclose 50 % probability'* and

ellipsoids enclose 50 % probability.'* hydrogen atoms are represented as spheres
of radius 0.1 A
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Table 2. Interatomic distances (A) and angles (°) within the [Cu,Br,J* ion. Estimated
standard deviations are given in parentheses. The superscript (i) denotes an atom in %, y, Z.

Cu-Br(1 2.310(1) Brél)—Cu—Br(2) 124.70(4
Cu-Br(2 2.421(1 Br lg—Cu—Br(Z'g 124.12(4
Cu-Br(2) 2.417(1 Br(2)—Cu—Br(2 111.05(4
Cu---Cu’ 2.738(2 Cu-Br(2)-Cv’ 68.95(4

for the effects, of absorption R=0.076. 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 0.035 (160 parameters; 1588
reflections). Atomic scattering factors were taken from the International Tables for X-Ray
Crystallography ** and the F, values were weighted according to w=[c?(F,)+0.0012 F2] 1. A
final difference map showed a maximum electron density of 0.46 ¢ A=, 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 and
carbon—hydrogen distances may be obtained from the authors.

DISCUSSION

In bis(phenyltrimethylammonium) di-y-bromo-dibromodicuprate(I) the anion is a discrete
centrosymmetric [Cu,Br,]> dimer containing approximately trigonal-planar coordinated
copper(I) (Fig. 1; Table 2). The copper(I) atom lies 0.049(1) A from the plane defined by
the three bromide ligands [Br(1), Br(2) and Br(2)]. Comparison with discrete [Cu,Br,]*
anions determined previously (Table 3) shows that, whereas Cu—Briemina distances barely
differ, there is considerable variation in the geometry of the four-membered (Cu—Br), ring.
Perhaps the most marked difference between the three dimers lies in the magnitude of the
Cu---Cu separation. In the cation radical salt of tetrathiotetracene (TTT) with dibromocup-
rate(l) there are additional Cu—S contacts to the tetrathiotetracene cation radicals such that
the configuration of ligands about copper(I) is approximately trigonal bipyramidal.'® The
steric requirements of these interactions might thus be instrumental in the attainment of a

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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Table 4. Interatomic distances (A) and angles (°) within the phenyltrimethylammonium
cation. Estimated standard deviations are given in parentheses.

N-C(1 1.506(8 C(5)—-C(6 1.385(9)
N-C(2 1.502(8 6)—C(7 1.359 11;
N-C(3 1.498(8 C(7)-C(8 1.369(10
N-C(4 1.491(6 C(8)—-C(9 1.377 9%
C(4)-C(5) 1.357(8 C(9)-C(4 1.396(7
C(1)-N-C(2 107.4(4 N-C(4)-C(9) 117.5(4)
C(1)-N-C(3 108.4(5 C(9)-C(4)—-C(5 120.6(5
C(1)-N-C(4 112.0(4 C(4)-C(5)-C(6 120.1(6
C(2)-N-C(3 108.4(4 C(5)—-C(6)—C(7 119.7(6
C(2)-N-C(4 109.4(4 C(6)—C(7)—C(8 120.4(6
C(3)-N-C(4 111.1(4 C(7)—-C(8)—-C(9 120.8(6
N-C(4)-C(5 121.9(4 C(8)-C(9)-C(4 118.3(5

shorter Cu-:-Cu separation and a more regular trigonal-planar coordination geometry of
copper(I) in this compound than in the isolated [Cu,Br,}*~ dimers in [N(C,Hs)4],[Cu,Br ]’
and [N(C¢Hs)(CH;);3),[Cu,Bry). In the anions in the latter compounds, the Cu::-Cu
separation differs, however, by 0.2 A (Table 3), the larger Cu---Cu in [N(C,Hs)4],[Cu,Br,)
being accompanied by a smaller Br,—Cu—Br;, angle, a larger Cu—Br,—Cu angle and a
shorter non-bonded Br:--Br contact over the four-membered ring than in the anion in
[N(CeHs)(CHs)3)2[CuzBry].

There is less variation in the geometry of the centrosymmetric [Cu,I]> dimers
determined in [N(C4Hg)slo[Cu,1]*® and [N(C3Hj)alo[Cu,l]."” In [As(CeHs)al2[Cusly] the
anion is not, however, planar but is folded about the bridging I---I contact such that the
planes through the two ligand triangles are inclined at an angle of 147°.'* With
tetraphenylphosphonium as cation both planar and bent [Cu,l,]> dimers have been
isolated.' The [Cu,X,]? entity would thus appear capable of considerable flexibility with
respect to its geometry under different steric and electrostatic constraints in the solid state.
Despite lack of the restrictions imposed by the bridging bromide ligands in [Cu,Br,}*, the
[Cu,Brs]* ion in [N(CHj;)4)s[Cu;Brs] has a Cu—Br,—Cu angle of comparable magnitude to
those in the [Cu,Br,)%- anions and a Cu---Cu separation intermediate between that in
[N(C;Hs)4]o[Cu;Br,] and that in [N(CeHs)(CHz)sl,[Cu;Bry].

The phenyltrimethylammonium cation is depicted in Fig. 2 and bond distances and
angles within the cation are given in Table 4. In bis(tetraethylammonium) di-u-bromo-
dibromodicuprate(I) the closest approach distance between anion and cation, 3.56(1) A, is
between copper(I) and one of the carbon atoms bonded to nitrogen.’> In the present
compound it is the terminal bromide ligand which lies closest to the cation, viz.
Br(1)---C(1)=3.598(7) A, (Brierminar**C=3.84(1) A in [N(C,Hs)4}5[Cu,Br,4] > but 3.56(2) A
in [N(CHj)4s[Cu;Brs] ¥). The closest contact between copper(I) and carbon in
[N(CgHs)(CHs)3),[Cu,Bry] is Cu---C(6)=3.829(7) A, whereas the bridging bromide ligand
has three contacts to carbon, viz. Br(2):--C(2¥)=3.802(7), Br(2)---C(3*)=3.764(7) and
Br(2)--C(5)=3.795(6) A, of similar magnitude to the closest Bryrigging'*'C in
[N(C;Hs)4J2[CuzBr,], 3.80(1) A.> [Symmetry code: (i):%, ¥, 1-z; (ii): x, y—1, z—1; (iii):
1-x, y, 1~2].

With tetramethylammonium as cation a [Cu,Brs]*>" anion containing three-coordinated
copper(I) has been obtained.* The phenyl group in [N(CsHs)(CHs)s] * can be considered to
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exhibit a slightly smaller radius, in that direction, than tetraphenylphosphonium which
crystallizes with an almost linear [CuBr,]~ monomer.® The group provides, however, a
slightly larger radius than tetrapropylammonium with which cation a [Cu,Brg]* aggregate
containing trigonal-planar coordinated copper(I) was obtained.? It would appear that the net
effect of the unsymmetrical phenyltrimethylammonium cation is the stabilization of a
three-coordinated copper(I) species in the solid state. The di-y-bromo-dibromodicuprate(I)
anion thus obtained is similar to that obtained with tetraethylammonium as cation > but there
are significant differences in the geometries of these [Cu,Br,] % entities.

Acknowledgement. Financial support from the Swedish Natural Science Research Council
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