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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
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Managing Editor, International Union of Crystallography, 5 Abbey 
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ethanol, which consists of two Cu-complex units 
bridged by a bipyridine molecule. Each copper(II) ion 
has a square-pyramidal environment with the axial posi- 
tion occupied by one N atom of 4,4'-bipyridine. 
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C o m m e n t  

We are interested in binuclear transition metal com- 
pounds in which the metal ions are bridged by bidentate 
ligands (Kahn, 1985) and the phenomenon of magnetic 
interaction between paramagnetic metal ions. We have 
reported the chain structure catena-poly[bis{ 4,4,4-triflu- 
oro- 1 -(2-thienyl)- 1,3-butanedionato-O,O' } copper-/z- 
(4,4'-bipyridine)-N:N'] (Gou, You, Xu, Zhou, Yu, Yu & 
Zhu, 1991). We now report the structure of a binuclear 
copper complex: 4,4'-bipyridine-bridged bis[4,4,4-trifiu- 
oro- 1-(2-thienyl)- 1,3-butanedionato-O,O' ]copper(II). 
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A b s t r a c t  

The bisdiketonato--copper complex bis[4,4,4-trifluoro-1- 
(2-thienyl)-l,3-butanedionato-O,O']copper(II) and 4,4'- 
bipyeridine give the binuclear title complex, 
[Cu2(C8HaF302S)a(CIoH8N2)], when crystallized from 

The title complex, (I), was prepared according to the 
literature method (Gou et al., 1991). By dissolving the 
title complex in dmf solution, crystals of the above men- 
tioned chain complex can be obtained, the crystal struc- 
ture of which has been reported by Gou et al. (1991). In 
ethanol solution, crystals of the binuclear complex were 
grown. The structure proposed is consistent with ele- 
mental analysis: calculated for C42H24Cu2FI2N20854, 
C43.19, H2.06, N2.40%; found, C42.96, H2.11, 
N 2.27%. 

Unlike the chain complex, the Cu atom of the binu- 
clear complex has a square-pyramidal coordination 
geometry. Four O atoms of two 4,4,4-trifluoro-l-(2- 
thienyl)-l,3-butanedionato ligands lie around each Cu 
atom, forming a square plane. The Cu atom and the N 
atom of 4,4'-bipyridine are located 0.178(1) and 
2.430 (6)A,, respectively, above the plane. This results 
in the square-pyramidal configuration of the pentacoor- 
dinate copper(II) ion. The two pyridyl units of the 4,4'- 
bipyridine moiety have a coplanar arrangement [dihedral 
angle 0.68 (2)°]. The four C u - - O  bond lengths are 
shorter, whereas C u - - N  is longer than the relevant val- 
ues of the chain complex described by Gou et al. (1991). 
The bond angles N - - C u - - O ( n )  (n = 1-4) are 91.1(2), 
100.4 (2), 99.3 (2) and 90.1 (2) °, respectively. The two 
thiophene rings around each Cu atom are in a cis orien- 
tation; unlike those of the chain complex, which are 
trans to each other. 
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Fig. 1. PLUTO (Motherwell & Clegg, 1978) drawing of  the title 
molecule. 

Experimental 
Crystal data 

[Cu2(C8n4F302S)4 -  

(Cl0HsN2)] 
Mr  - 1167.99 
Tricl inic  
PT 
a = 8 .547 (2) ,~ 
b = 10.187 (4) ,~ 
c = 13.895 ( 6 ) , ~  
a = 72 .45  (3) ° 
# = 85 .20  (3) ° 
"r - 86 .06  (3) ° 
V = 1148.2 (6) A 3 
Z = I  
Dx = 1.689 M g  m - 3  

Data collection 
E n r a f - N o n i u s  C A D - 4  

d i f f r ac tome te r  
0 - 2 0  scans  [width  (0 .70  + 

0 .35 tan0)° ;  speed  1 -5  ° 
min  -1  ] 

A b s o r p t i o n  correc t ion:  
empi r ica l  
Tmi, = 0 .773,  Tm~x = 
0 .998  

4695  m e a s u r e d  ref lec t ions  
4301 independen t  ref lec t ions  

Refinement 

R e f i n e m e n t  on  F 
R = 0 .056  
wR = 0 .063  

M o  Ka radia t ion  
,I = 0 .7107  ,A 
Cel l  pa rame te r s  f r om 25 

ref lec t ions  
0 = 1 0 - 1 5  ° 
# = 1.20 m m - :  
T = 295 K 
P r i sm 
0 .40  × 0 .30  × 0 .20  m m  
G r e e n  
Crys ta l  source :  e thanol  

so lu t ion  at r o o m  
t empera tu re  for  one  m o n t h  

2881 o b s e r v e d  ref lec t ions  
[Fo > 3tr(Fo)] 

Rim = 0 .018  
0m~x = 26 ° 
h = - 1 0  ~ 10 
k = - 1 2  ~ 12 
l = 0 - - +  17 
3 s tandard  ref lec t ions  

f r equency :  60  min  
in tens i ty  var iat ion:  < 0 . 6 %  

(A/Or)max - -  0.09  
Apmax = 0 .79 e / ~ - 3  
Apmin = - 0 . 0 9  e / ~ - 3  

S = 1.52 
2881 ref lec t ions  
317 pa ramete r s  
H - a t o m  pa rame te r s  not  

ref ined 
w = 1/a2(Fo) 

Ext inc t ion  correc t ion:  none  
A t o m i c  scat ter ing fac tors  

f rom International Tables 
for X-ray Crystallography 
(1974,  Vol. IV)  

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (/~2) 

Beq = ( 4 / 3 ) ~i ~j /3ijai.aj. 
x y z Beq 

Cu 0.0239 (1) 0.36942 (8) 0.24668 (6) 3.66 (2) 
S1 -0.2598 (3) 0.0578 (3) 0.1491 (2) 8.00 (7) 
$2 -0.3143 (3) 0.5698 (2) -0.0163 (2) 5.79 (5) 
F1 0.2828 (8) -0.0739 (6) 0.4810 (6) 13.5 (2) 
F2 0.3169 (8) 0.1132 (7) 0.5017 (4) 11.3 (2) 
F3 0.4303 (7) 0.0711 (9) 0.3801 (5) 11.9 (2) 
F4 0.4140 (6) 0.6712 (6) 0.1741 (6) 10.6 (2) 
F5 0.2722 (8) 0.7408 (6) 0.2754 (4) 10.8 (2) 
F6 0.2704 (7) 0.8486 (5) 0.1238 (5) 12.3 (2) 
O1 --0.0779 (5) 0.2147 (4) 0.2299 (4) 4.2 (1) 
02 0.1634 (6) 0.2511 (5) 0.3416 (4) 4.7 (1) 
03 0.1527 (5) 0.5195 (5) 0.2438 (4) 4.6 (1) 
04 --0.0888 (5) 0.4817 (4) 0.1321 (3) 4.1 (1) 
N1 -0.1772 (7) 0.4058 (6) 0.3540 (4) 4.2 (1) 
C1 -0.330 (1) -0.0963 (8) 0.1638 (7) 6.6 (2) 
C2 -0.270 (1) -0.1945 (9) 0.2385 (8) 7.5 (3) 
C3 -0.1535 (7) -0.1616 (6) 0.2975 (5) 3.7 (1) 
C4 -0.1444 (8) -0.0078 (7) 0.2460 (5) 4.3 (2) 
C5 -0.0494 (8) 0.0886 (6) 0.2742 (5) 3.9 (2) 
C6 0.0662 (9) 0.0385 (7) 0.3426 (6) 5.0 (2) 
C7 0.1628 (9) 0.1208 (7) 0.3687 (5) 4.5 (2) 
C8 0.297 (1) 0.0540 (9) 0.4322 (7) 6.7 (2) 
C9 --0.391 (1) 0.7047 (9) -0.1047 (6) 6.1 (2) 
C10 -0.320 (1) 0.8216 (8) -0.1173 (6) 5.5 (2) 
Cll -0.1936 (8) 0.8094 (7) -0.0548 (5) 4.0 (2) 
C12 -0.1773 (7) 0.6695 (6) 0.0062 (5) 3.6 (1) 
C13 -0.0682 (7) 0.6067 (6) 0.0829 (5) 3.5 (1) 
C14 0.0494 (8) 0.6845 (7) 0.1016 (5) 4.4 (2) 
C15 0.1482 (8) 0.6345 (7) 0.1766 (5) 4.1 (1) 
C16 0.275 (1) 0.7258 (8) 0.1852 (7) 6.3 (2) 
C17 -0.3220 (9) 0.3905 (8) 0.3391 (6) 5.5 (2) 
C18 --0.4515 (8) 0.4238 (8) 0.3927 (6) 5.4 (2) 
C19 -0.4318 (8) 0.4798 (7) 0.4702 (5) 3.9 (2) 
C20 -0.280 (1) 0.497 (1) 0.4854 (6) 6.8 (2) 
C21 -0.1582 (9) 0.459 (1) 0.4277 (6) 6.9 (2) 

T a b l e  2. Selected geometric parameters ( A ,  o) 

Cu---431 1.933 (4) Cu---4)2 1.929 (4) 
Cu---O3 1.933 (4) Cu---O4 1.944 (4) 
Cu--N1 2.266 (5) O1---C5 1.262 (6) 
C5----C6 1.391 (8) C6---C7 1.359 (8) 
O2---C7 1.266 (7) C4---C5 1.474 (7) 
NI---C17 1.299 (7) C17---C18 1.362 (9) 
C18---C19 1.389 (8) C19---C20 1.359 (8) 
C20--C21 1.368 (9) N1--C21 1.320 (8) 

N1-..Ctr---O1 91.1 (2) N1----Cu--O2 100.4 (2) 
N1--Cu--O3 99.3 (2) NI--C'u---O4 90.1 (2) 
O1----Cu----O2 92.5 (2) O2----Cu----O3 87.0 (2) 
O3----Cu----O4 92.3 (2) O1----~u---O4 86.1 (2) 
O1---C5---C6 124.4 (5) C5---C6---C7 123.4 (5) 
O2---C7---C6 128.9 (6) O1----C5--C4 115.4 (5) 
C17--N1----C21 115.5 (5) 

Data  col lec t ion:  E n r a f - N o n i u s  C A D - 4  sof tware .  All  ca lcula-  
t ions w e r e  p e r f o r m e d  on a M i c r o V A X  II c o m p u t e r  us ing  the 
SDP p r o g r a m s  ( E n r a f - N o n i u s ,  1985).  The  s t ructure  was  so lved  
b y  Pa t te r son  m e t h o d s  and d i f fe rence  Four i e r  syn theses ,  ref ine-  
m e n t  was  b y  the fu l l -mat r ix  l eas t - squares  t echniques ,  and H 
a toms  w e r e  p l a c e d  in ca lcu la ted  pos i t ions .  
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B is( 3,3' -dimeth ylene- 2,2' -b iquinolinium ) 
Tetrabromoaurate(III) Dibromoaurate (I) 

R. F. BAGGIO* 

biquinolinium (or 6,7-dihydro-benzo[2,1-b:3,4-b']di- 
quinolium) cations by hydrogen bonds. 

Comment 
For some time, gold chemistry has received great atten- 
tion, mainly because of the specific properties and struc- 
ture of its compounds (Schmidbaur, 1990). It is known 
that the reaction of Aum with bidentate nitrogen-contain- 
ing ligands produced either tetra- or pentacoordinated 
auriferous complexes of A u  III having distorted square- 
planar, tetrahedral, square-pyramidal or bipyramidal 
coordination (O'Connor & Sirra, 1978; Robinson & 
Sinn, 1975; Chalton, Harris, Petit & Stephenson, 1966). 
However, reactions carried out under special conditions 
using similar bidentate nitrogen ligands can generate 
gold compounds having an ionic structure different from 
the classic complex one. In the title ionic structure, (I), 
the protonated nitrogen-containing ligand plays the role 
of the cation while the two associated anions are tetra- 
bromoaurate(III) and dibromoaurate(I). Though the 
mechanism of the reaction is not yet clear, the origin of 
the Au I species should be found in the oxidation of the 
solvent by the starting Aum compound. In this work we 
report the structure of (C20H15Nz)[AuBr3] obtained from 
the reaction of potassium tetrabromoaurate(IlI) and 3,3'- 
dimethylene-2,2'-biquinoline under refluxing methanol 
conditions. 
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Abstract 
The structure of the title compound, (C20HIsN~)[AuBr3], 
has been determined. It consists of two anions, [AuBr4]- 
and [AuBr2]-, attached to two 3,3'-dimethylene-2,2'- 
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The structure of the title compound consists of dis- 
crete [AuBr4]- and [AuBr2] units, with the gold ions 
located at inversion centers, and substituted biquinolin- 
ium cations as counterions (Fig. 1). The [AuBr4]- unit 
has regular square-planar geometry with trans angles of 
90.0 ° and A u - - B r  distances of 2.420(1) and 
2.416 (1)/~. The [AuBr2]- unit is strictly linear with an 
A u m B r  distance of 2.386 (1)/~. The two 'wings' of the 
organic cation are effectively planar and are twisted 
around the C(19)mC(20) bond by equal amounts,which 
is seen in the two identical torsion angles C(12)- -  
C(11 ) ~ C ( 1 0 ) - - C ( 9 )  = C ( 7 ) ~ C ( 8 ) - - C ( 9 ) ~ C ( 1 0 )  = 
-153.8 ° . 
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