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The crystal structure of the title compound has
been determined from single-crystal X-ray dif-
fractometer data. [N(C3;H;)4]o[Cu,Bre] crystal-
lizes in space_group Pd)/n with a=15.708(5),
¢=15.709(8) A and Z=4. Full-matrix least-
squares refinement of 167 structural parameters
gave R=0.062 for 1168 observed independent
reflections. The [Cu,Br¢]> anion is an aggregate
composed of an octahedron of bromide ligands
containing a tetrahedron of trigonal-planar coor-
dinated copper(I) atoms. The orientation of the
copper(l) tetrahedron is disordered, there being
two equivalent copper(I) tetrahedra related by
the centre of symmetry of the bromine
octahedron. The copper(I) atoms have therefore
been assigned occupancy 0.5 in four general
eightfold sites. Cu—Br distances range from
2.373(5)-2.422(5) A and Cu--Cu from
2.718(7)—2.750(7) A. Two of the three crystal-
lographically independent cations have 4 sym-
metry while the third has a disordered orientation
with respect to a twofold axis.

In tetrabutylammonium dibromocuprate(I) the
anion is a linear monomer,! whereas in the
tetracthylammonium compound the anion is a
centrosymmetric [Cu,Br,]*" dimer containing tri-
gonal-planar coordinated copper(I).2 As part of
an investigation concerning the geometry
assumed by halocuprate(I) ions in the solid state
as a function of the size and effective positive
charge on the cation, attempts were made to
prepare tetrapropylammonium  dibromocup-
rate(I). Crystals of bis(tetrapropylammonium)
hexa-y-bromo-tetrahedro-tetracuprate(I) were,
however, obtained, the structure of which was
also considered relevant to the investigation.
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The bromocuprate(I) complex [Cu,Br;]™ has
been found as infinite double chains of edge-
sharing Cu(I)-Br tetrahedra in [CgHsN,]-
[CllzBl'3]3 and in [(CH3)2N2CHN2(CH3)2]-
[Cu,Br3),* but, to our knowledge, not previously
as a discrete [Cu,Brg]*” aggregate. An analogous
[Cuylg]* ion has been reported for methyl-
triphenylphosphonium hexaiodotetracuprate(I).>

EXPERIMENTAL

Bis(tetrapropylammonium) hexa-u-bromo-tet-
rahedro-tetracuprate(I) was obtained in an
attempt to prepare tetrapropylammonium dibro-
mocuprate&). Copper(I) bromide and tetra-
propylammonium bromide (molar ratio 1:1) were
dissolved in ethanol. Colourless prisms of
[N(C3H;)4}o[CusBrg] were deposited from the
concentrated solution after a few days.

Rotation and Weissenberg photographs for

stals mounted along a and c¢ showed
[N(C3H7)4)2[Cu4Brg] to be tetragonal, with Laue
symmetry 4/m, space group No. 86,5 Pdy/n.
[N(C3Hj)4},[CusBr], M,=1106.3, has a=
15.708(5) &, c=15.709(8) A, Z=4, D.=1.91 g
cm™ and g(MoKa)=8.88 mm . Diffracted inten-
sities from a crystal, 0.23x0.14X0.10 mm, were
measured at approximately 290 K for 26<50°, on
a Syntex P2, diffractometer, using graphite-
monochromated MoKea radiation and the w-26
scan mode with a variable 260 scan rate of
3.0—25.0 ° 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 3417 independent reflec-
tions thus measured, 1169 had I>3.0 o(]) and
were used to solve the structure. Correction was
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made for Lorentz and polarisation effects but not
for absorption. The unit-cell parameters were
determined by least squares from diffractometer
setting angles for 15 reflections.

STRUCTURE DETERMINATION AND
REFINEMENT

The positions of the copper and bromine atoms
were determined by direct methods (MULTAN
80).° It was apparent that the copper atoms were
distributed over four general sites (8g), each
copper atom being assigned occupancy 0.5. The
tetrapropylammonium ions were located from
successive electron density maps.'” One of these
groups was found to have a disordered orienta-
tion with respect to the twofold axis on which the
nitrogen atom, N(3), is situated. The disorder

affects four carbon atoms, viz. C(7), C(8), C(10)
and C(11), each of these occupying two general
sites 8g [e.g. C(7) and C(7')] with occugancy 0.5.
Full-matrix least-squares refinement'® of posi-
tional, isotropic thermal parameters for the
carbon atoms of the disordered cation, and
anisotropic thermal parameters for the remaining
atoms gave R=0.062 (167 parameters; 1168
observed reflections, one reflection being consi-
dered to be affected by extinction being excluded
from the final cycles of refinement). Atomic
scattering factors were taken from the Interna-
tional Tables for X-Ray Crystallography® and
the F, values were weighted according to w=
[02(F0)+0 0018FI™". A final difference map
showed a maximum electron density of 0.7 A,

Hydrogen atoms were not included in the calcula-
tions. No attempt was made to refine occupation

‘Table 1. Fractional coordinates and equivalent isotropic thermal parameters (A?) for

[N(C3H7)4]2[ CuyBrg).

By is defined as 8n%3YX.Ujafata;-a;. For the carbon atoms

of the disordered catxon, C(7) C(12), isotropic therma{ parameters B (A2), where the temperature
factor is exp{—B(sin?6)/A> '}, are given. Estimated standard deviations are within parentheses. An
asterisk denotes an atom in 8g with occupancy 0.5.

Atom x y z Beq or B
Br(1) 0.1629(1) 0.0851(1) 0.4706(1) 5.26(5)
Br(2) 0.0874(1 —0.1649(1) 0.5065(1) 6.21(6)
Br(3) —0.0282(1 -0.0205(1) 0.3152(1) 6.31(5)
Cu(1)* 0.0727(3) —0.0318(3) 0.4301(3) 5.5(1)
Cu(2)* —0.0164(3 —-0.0752(3) 0.5734(3) 4.9(1)
Cu(3)* -0.0917(3 0.0196(3) 0.4470(3) 4.8(1)
Cu(4)* 0.0316(3) 0.0893(3) 0.5492(3) 5.2(1)
N(1) 0.2500 0.2500 0.2500 4.0(5)
c@1 0.2200(11 0.1799(11) 0.1875(12) 4.7(4)
C(2 0.1845(12 0.1009(12) 0.2342(13) 5.8(5)
C(3 0.1654(13 0.0314(12) 0.1641(14) 6.7(5)
N(2) -0.2500 -0.2500 0.2500 4.3(4)
C@4) —-0.1851(11) —-0.1998(11) 0.1961(11) 4.5(4)
C(5) —-0.2313(13) —0.1380(14) 0.1331(13) 7.4(6)
C(6 —-0.1613(14) —0.0950(14) 0.0809(13) 7.3(6)
N@3 -0.2500 0.2500 0.2245(13) 4.6(5)
C(7)* —0.293(2 0.164(3) 0.255(2) 4.5(8)
c(7)* -0.242(3 0.305(3) 0.301(3) 5.709)
C(8)* -0.247(3) 0.113(3) 0.316(3) 8.0(12)
C(8")* -0.214(3) 0.400(3) 0.265(3) 8.2§14)
C(9 -0.301(2) 0.045(2) 0.355(2) 9.0(6)
C(10)* —-0.298(3) 0.283(3) 0.150(3) 5.709)
C(10")* —0.155(3) 0.229(3) 0.192(3) 6.6(10)
C(11)* —0.386(4) 0.313(4) 0.165(4) 8.6(14)
C(11")* -0.155(3) 0.158(3) 0.118(3) 7.6(12)
C(12) —-0.439(2) 0.358(2) 0.098(2) 9.7(7)
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Fig. 1. The [Cu,Br¢]* ion showing the two orientations of the copper(I) tetrahedron. The superscript i
denotes an atom in —x,—y,1—z. Thermal ellipsoids enclose 50 % probability. >

factors for the disordered atoms. Atomic coor-
dinates and equivalent isotropic thermal para-
meters are listed in Table 1, distances and angles
within the anion in Table 2, and those within the
cations in Table 4. Structure factors and anisotro-
pic thermal parameters may be obtained from the
authors.

DISCUSSION

In [N(C;H;)4)5[Cu,Brg] the anion is an aggre-
gate composed of an octahedron of bromide
ligands containing a tetrahedron of trigonal-
planar coordinated copper(I) atoms. The cop-
per(I) tetrahedron can assume either of two
equivalent orientations related by inversion
through the centre of the ligand octahedron
which coincides with a crystallographic centre of
symmetry (see Figs. 1la and b). Distances and
angles within the anion are given in Table 2, the
orientation being that of Fig. 1a. In the refine-
ment the copper atoms were assigned site occu-
pancies of 0.5, which corresponds to equal
occurrence of anions with the orientation of Fig.
1a and with that of Fig. 1b. Preferential orienta-
tion of the anions was not investigated.

The [Cu,Brg]* anion is essentially similar to
the [Cuyl]* anion, determined in the methyl-
triphenylphosphonium compound,” which also
shows similar disorder with respect to the
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orientation of the copper(I) tetrahedron. In
[CusBrg], the four copper(I) atoms,
Cu(1)—Cu(4), are all approximately trigonal-
planar coordinated and lie 0.016(5), 0.015(5),
0.023(5) and 0.029(5) A, respectively, from the
planes through the three ligand atoms. Some
features of the coordination geometries of dis-
crete bromocuprate(I) and iodocuprate(I) ions
containing trigonal-planar coordinated copper(I)
are summarized in Table 3. In the cation radical
salt of tetrathiotetracene (TTT) with dibromo-
cuprate(I)!! there are additional Cu—S contacts
of 2.684 and 3.062 A to neighbouring cation
radicals such that the configuration of ligands
about copper(I) is approximately trigonal bipyr-
amidal.

There would appear to be less variation in the
distances and angles tabulated in Table 3 for the
[Cudg]> and [Cu,LJ* ions than is the case for
their bromo counterparts. Perhaps the most
striking discrepancy within the latter group of
ions is the irregularity of the copper(I) coordina-
tion in bis(tetraethylammonium) di-g-bromo-di-
bromodicu;z)rate(l). As has been noted
previously,® the Bry,---Br, contact over the four-
membered Cu—Br ring appears to assume a
minimum value, the Cu---Cu separation and the
Cu-Br,—Cu angle being larger and the
Bry,—Cu—Br, angle smaller than might perhaps
have been expected. In (TTT),[Cu,Br,],"! it is
conceivable that the steric requirements of the
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Table 2. Interatomic distances (A) and angles (°) within the [Cu,Brg]> ion, the orientation being as in
Fig. 1a. Estimated standard deviations are given in parentheses. The superscript (i) denotes an atom in
-X,~y,1-z.

Cu(1)-Br(1) 2.405(5) Cu(3)—- Br(lg 2.373(5)
Cu(1)-Br(2 2.422(5) Cu(3)—-Br(2 2.398(5)
Cu(1)-Br(3 2.409(5) Cu(3)—-Br(3) 2.383(5)
Cu(2)-Br(1) 2. 408(5 Cu(4)-Br(1) 2.405(5)
Cu(2)-Br(2) 2.398(5) Cu(4)—-Br(2) 2.381(5)
Cu(2)-Br(3) 2.411(5) Cu(4)-Br(3) 2.389(5)
Cu(1)---Cu(2) 2.738(7) Cu(2)---Cu(3) 2.750(7)
Cu(1)- -Cu§3) 2.719(7) Cu(2)---Cu(4) 2.718%7)
Cu(1)-+-Cu(4) 2.744(7) Cu(3)---Cu(4) 2.743(7)
Br(1)—Cu(1)—-Br(2) 118.2(2) Br(19)—Cu(3)—Br(2) 120.4(2)
Br(1)—Cu(1)—-Br(3) 122.0(2) Br(1°)—Cu(3)—Br(3) 119.2(2)
Br(2)—-Cu(1)—-Br(3) 119.8(2) Br(2') gug)—ll;r(zfa) ﬁ(g)g(%)
Br(1)-Cu(2)—-Br(2 119.0(2 Br(1)—Cu(4)—Br(2 .

sifcEag i oo e
Br(2)—Cu(2)-Br(3' 119.2(2 Br(2* u Br(3 122.4(2
Cu((l))—Br 1 —Cu((4; 69.6§2; Cu((Sg Br((Z';—Cu((4; 70.1%2;
Cu(2)-Br(1)-Cu(3) 70.2(2) Cu(1)~Br(3)—Cu(3) 69.1(2)
Cu(1)-Br(2)—Cu(2) 69.2(2) Cu(2)-Br(3)—Cu(4) 69.0(2)
Cu(2)-+-Cu(1)---Cu(3) 60.5(2) Cu(1)---Cu(3)---Cu(2) 60.1(2)
Cu(2)-+-Cu(1)---Cu(4) 59.4(2) Cu(1)-+-Cu(3)-:-Cu(4) 60.3(2)
Cu(3):+-Cu(1)---Cu(4 60.3(2) Cu(2)---Cu(3)---Cu(4 59.3(2)
Cuglg---Cu 2)---Cu(3 59.4(2) Cu(1)---Cu(4)---Cu(2 60.2(2)
Cu(1)---Cu(2)---Cu(4) 60.4(2) Cu(1)---Cu(4)---Cu(3) 59.4(2)
Cu(3)---Cu(2)---Cu(4) 60.2(2) Cu(2)---Cu(4)---Cu(3) 60.5(2)

Table 3. Copper(I) coordination geometry in some trigonal-planar coordinated bromocuprates(I) and
iodocuprates(I). Distances are in A and angles in °. A terminal halogen ligand is denoted X, and a
bridging ligand X,,.

Compound Cu-X, Cu-X, Cu:--Cu
C3H7)4}o[CuyBrg — 2.373(5)—2.422(5)  2.718(7)-2.750(7)
[N%Csz),‘] [CuzBrJ 2.319(2) 2.441(2)—2.454(2)  2.937(3)
Cu,Br,)* 2.328(3) 2.472(3)-2.490(2)  2.660(3)
P(C6H5)3 CH3)L[Cusls) — 2.539(5)—2.638(5)  2.742(7)—2.757(7)
N(C;H 9)412 Cuzl}] 2.514(2) 2.566(2)—2.592(2)  2.726(4)
N(C;H7)4)o[Cuyl,y 2.499(1) 2.571§1)—2.582(1) 2.698(2)
As(CgHs)4]2[Cu,ls] 2.490(3)—2.491(3) 2.578(3)-2.610(3)  2.663(4)
Compound Cu—X,—Cu Xp—Cu—X, Xp Xy Ref.
[N(C3H7)4)2[CusBrg] 69.0(2)-70.2(2) 117.2(2)—-122.4(2)  4.102(3)—4.210(3) Preskent
[N(C;H5)4)2[Cu,Bry] 73.7(1) 106.3(1) 3.916(3) w20 '
2[CuyBr,y)° 64.7§1) 115.4(1) 4.188(4)" 11
P(C¢Hs)s(CH3)o[Cuslg]  63.9(2)—-65.2(2) 117.9(2)-121.6(2)  4.38(2)—4.52(2) 5
N(C4H9)4§2 Cuzl,,i 63.8(1) 116.2(1) 4.380(3) 12
N(C3H7)4)o[Cu,ly 63.14(3) 116.86(3) 4.390(1) 13
As(CgHs)4]o[Cu,ly] 61.4(1)—-62.1(1) 114.2(1)-114.4(1)  4.360(3) 14

@ TTT=tetrathiotetracene; two additional Cu—S contacts, 2.684 and 3.062 A to the tetrathiotetracene cation
radicals. ® Estimated.

Acta Chem. Scand. A 38 (1984) No. 9



Structure of [N(C3H;)4),[Cu,Brg] 729

¢

Y

b ‘\I)"\ l

N\
-

A
N A

s,

SRS

V

L

Fig. 2. Stereoscopic view ' of the unit cell. For clarity all atoms are represented as spheres of radius

0.05
orientations.

interactions between copper(I) and the tetra-
thiotetracene cation radicals is instrumental in
the attainment of a shorter Cu---Cu contact and a
larger Br,—Cu—Br, angle. The coordination
geometry of copper(I) in [Cu,Brg]* is, however,
also nearer the ideal trigonal-planar configura-
tion and very similar to that found for [Cugl¢]*.

, and the anion and the disordered cation are each drawn in only one of the possible

The non-bonded Bry,-+-Br, contacts in [Cu,Brg]*
are longer than that over the four-membered ring
in [N(C;Hs)4]2[Cu,Br,), while Cu—Br distances
appear to be slightly shorter than the Cu—Br,
distances in both the [Cu,Br,]*~ dimers (Table 3).

Bond lengths and angles within the tetrapro-
pylammonium ions are given in Table 4. The two

Table 4. Bond lengths (A) and angles (°) within the tetrapropylammonium ions in
[N(C3H7)4],[CuyBrg). Standard deviations are given in parentheses Symmetry code: (i): %—x,% -¥,2;
(): ya—x,3—z; (iii): —x— -3 -y-iz ():y,—x— 13-z (v): —x—%,z—yz The other orientation of the
disordered cation is obtained by rotation about the twofold axis through N(3), i.e. by applying the
operation —x—33—y,z to the carbon atoms associated with N(3) cited below.

N(1)-C(1) 1.55(2
C(1)-C(2) 1.54(2
C(2)-C(3) 1.58(3)
N(3)-C(7 1.58(4
C(7)-C(8 1.43(6
C(8)-C(9) 1.50(6
N(3)-C(10) 1.49(4
C(10)-C(11) 1.48(7
C(11)-C(12) 1.51(6)
C(1)-N(1)-C(1%) 101(1)
C(1)-N(1)—-C(1%) 114(1)
N(1)-C(1)-C(2) 112(1)
C(1)-C(2)-C(3) 107(1)
C(7)-N(3)-C(7") 106(2)
C(7)-N(3)-C(10) 109(2)
C(7)-N(3)-C(10") 109(2)
N(3)-C(7)-C(8) 118(3)
C(7)-C(8)-C(9) 113(4)
N(3)-C(10)-C(11) 117(4)
C(10)-C(11)-C(12) 123(4)

N(2)-C(4) 1.54(2)
C(4)—C(5) 1.56(3)
C(5)-C(6) 1.53(3)
N(3)-C(7") 1.48(4)
C(7)-C(8") 1.66(7)
C(8')~C(9") 1.67(6)
N(3)-C(10) 1.61(5)
C(10)-C(11") 1.61(7)
C(11')-C(12%) 1.53(6)
C(4)-N(2)-C(4) 113(1)
C(4)-N(2)-C(4") 108(1)
N(2)—C(4)—C(5) 111(1)
C(4)-C(5)-C(6) 106(2)
C(7)-N(3)-C(10) 1192
C(7')~N(3)-C(10") 1072
C(10)-N(3)-C(10') 107(3)
N(3)—C(7")-C(8") 106(3
C(7")-C(8")-C(9") 103(3
N(3)-C(10")—C(11") 112(3)
C(10")-C(11")-C(12") 105(4)
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cations with 4 symmetry show no anomalous
features, whereas the third cation is less well
resolved owing to the disorder associated with its
orientation. A stereoscopic view *° of the unit cell
is shown in Fig. 2, the anion and the disordered
cation each having been drawn in one of the
possible orientations for clarity. The shortest
Cu---C and Br---C contacts are
Cu(3)---C(8)=3.52(5), Cu(3)---C(9)=3.62(2),
Cu(4)---C(5)'=3.53(2),  Br(1)---C(2)=3.74(2),
Br(1)---C(5)'=3.87(2), Br(2)---C(11')*=3.61(5),
Br(2)--C(10)"=3.81(4), Br(2)---C(8)"=
3.84(5) and Br(3)---C(8')=3.86 A. [Symmetry
code: it —yA+xl+z; i y,—x—31-z; iii:
I-yxi-z; iv: —x,~y,1-z]. It would thus
seem likely that the disordered orientation of
the third cation can be attributed to electrostatic
interactions and efficient packing between ca-
tions and anions. The shortest Cu---C distances in
[N(C3H7)4)2[Cu,Brg] are of the same order as the
shortest such contact between the methyl group
and [Culg]* in [P(CeHs)3(CH3)ly[Cuylg], i.e.
3.46(2) A

In tetrabutylammonium dibromocuprate(I),
copper(I) exhibits linear coordination geometry !
whereas  both N(C;H7)4)2[CusBrg]  and
[N(C,H5)4)2[Cu,Br4)*  contain  trigonal-planar
coordinated copper(I). There would appear to be
a similar tendency towards increased coordina-
tion number of copper(I) with decreasing size of
and increasing effective positive charge on the
cation in tetraalkylammonium chlorocup-
rates(I)."!® In the tetraalkylammonium iodocup-
rates(I) investigated hitherto, there is a transition
from trigonal-planar coordinated copper(I) in
[N(CiHs)ao[Cu,] ? and [N(C3H7?4]2[Cuzl4] B
to tetrahedral in [N(C,H;)4][Cu,L5).!7 As yet no
discrete [Cul,] ion has been encountered in the
solid state.
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