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Tableau 1. Paramktres gdomgtriques (ft, o) 
Cu 1-----O1 i 1,954 (3) N 1--C3 1,474 (4) 
Cu I---O1 1,954 (3) N 1--C5 1,486 (4) 
CuI--NI i 2,059 (3) NI--CI 1,489 (4) 
Cul--NI 2,059 (3) C 1------C2 i 1,513 (4) 
Cul--O2 2,328 (2) CI--HICI 0,97 (4) 
Cul---O2 i 2,328 (2) CI--H2C1 0,93 (4) 
O1--C2 1,258 (4) C3--C4 1,512 (4) 
O2---C4 1,206 (4) C3--HIC3 0,90 (4) 
O3----C4 1,301 (4) C3--H2C3 0,95 (3) 
O3--HO3 1,03 (4) C5---C6 1,523 (4) 
O4---C6 1,187 (4) C5--H1C5 1,00 (3) 
O5---C6 1,324 (4) C5--H2C5 0,88 (3) 
O5--HO5 0,77 (5) OWI--H 1WI 0,95 (7) 
O6---C2 1.243 (4) OWI--H2WI 0,79 (7) 

O 1 i----Cu 1----O 1 180,0 C3--N I---C I 112,2 (3) 
Oli-----Cul--Nl i 93,9 (1) C5--NI--C1 110,5 (3) 
O I---CuI--N I i 86,1 (1) C3--N l---Cu 1 107,4(2) 
O 1 i------Cu I--N 1 86,1 (1) C5--N l---Cu I 108,4(2) 
OI--CuI--NI 93,9 (1) C1--NI---Cul 105,9 (2) 
N li---Cul--N 1 180,0 N I--C1--C2 i 113,5 (3) 
OIL----Cu 1---O2 87,2 (I) O6----C2---431 124,6 (3) 
OI---Cu 1--O2 92,7(1) O6----C2---C I i 116,3(3) 
N li----Cu 1--O2 102,23(9) O I---C2---C t i 119,1 (3) 
N I---Cu 1---O2 77,77 (9) N 1---C3---C4 112,2 (2) 
Oli---Cul------O2 i 92,7 (1) O2--C4---O3 124,5 (3) 
OI----Cul---O2 i 87,2 (1) O2---C4----C3 123,3 (3) 
N li----Cu I----O2 i 77,77 (9) O3----C4----C3 112,2 (3) 
NI---Cul--O2 i 102,23 (9) N1--C5--C6 113,8 (3) 
O2--Cu 1------O2 i 180,0 O4---C6----O5 124,9 (3) 
C2---O l--Cu I 114,4 (2) O4---C6----C5 126,9 (3) 
C4---O2---Cu I 105,3 (2) O5--C6--C5 108,2 (3) 
C3--N 1---C5 112,1 (2) 
Code de sym6trie: (i) - x ,  1 - y, - z .  

L a  largeur  de  b a l a y a g e  es t  (1 ,00  + 0 ,70 tan0)  °. Les  intensi t6s 
ont  6t6 cor r ig6es  des  fac teurs  de  Loren tz -po la r i s a t i on .  La  
s t ructure  a 6t6 r6so lue  par  les m6 thodes  d i rec tes  (SHELXS86; 
Sheldr ick ,  1990) puis  affin6e par  la m6 thode  des  mo ind res  
carr6s (SHELXL93; Sheldr ick ,  1993).  

Co l l ec t ion  des  donn6es :  CAD-4 EXPRESS ( E n r a f - N o n i u s ,  
1994).  A f f i n e m e n t  des  p a r a m & r e s  de  la mail le:  CAD-4 
EXPRESS. R6duc t ion  des  donn6es :  MoIEN (Fair, 1990).  
G r a p h i s m e  molEculai re :  ORTEPII ( Johnson ,  1976).  Logic ie l  
util is6 pour  pr6parer  le mat6r ie l  pou r  publ ica t ion :  SHELXL93. 

Des documents compl6mentaires concemant cette structure peuvent 
&re obtenus h partir des archives 61ectroniques de I 'UICr (R6f6rence: 
MU1346). Les processus d 'acc& h ces archives est donn6 au dos de 
la couverture. 
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Abstract 
The crystal structure of the title compound comprises 
[Cu(C3H502)(CIoH9N3)2] ÷ cations and NO~- anions. 
The cation structure is intermediate between a distorted 
square-based pyramidal five-coordinate geometry with 
an additional long bond and an asymmetric cis-distorted 
octahedral geometry, both giving a (4+ 1+ l*)-type coor- 
dination. 

Comment 
The crystal structures of the [Cun(chelate)2(OXO)] ÷ 
cations, where chelate is di-2-bipyridyl or 1,10-o-phen- 
anthroline and OXO is ONO-,  CH3CO 2- or HCO}- 
are well characterized (Hathaway, 1984) as fluxional 
copper(II) stereochemistries (Fitzgerald et al., 1981; 
Simmonds et al., 1987). In order to extend this series to 
more flexible chelate nitrogen ligands, complexes with 
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200 [Cu(C 3H502)(C I oH9N3)2]NO3 

the ligand di-2-pyridylamine (@yam)  have been ex- 
amined. Only a few crystal structures of  the dpyam 
complexes in this series have been reported (Aduldecha 
et al., 1991). 

NH 

c .  j " 7 / /  

~"-.~..,,,'~ N H-"~, , .~ 

(I) 

.NO~ 

The asymmetr ic  unit comprises discrete [Cu(C3H5 - 
O2)(CIoH9N3)2] + cations and NO3- anions. The bond 
lengths and angles in the structure agree with those 
observed in bis(di-2-pyridylamine)(acetato)copper(II)  
nitrate (Aduldecha et al., 1991). The Cu atom is ba- 
sically five coordinate, but the second O atom of the 
propionate ~ o u p  occupies a sixth position at a distance 
of  2.669 (3) A. Thus, the CuNnO2 chromophore involves 
a cis-distorted octahedral stereochemistry with an asym- 
metric coordination of  the O X O -  anion. However,  the 
structure can also be described as involving a square- 
pyramidal  octahedral (4+ 1 + l*)- type stereochemistry by 
taking atoms N1, N2, N4 and O1 as the basal plane, 
and O 1 - - - C u - - N 2  as the basal angle (Aduldecha et al., 
1991). The Cu atom is displaced from the basal plane 
by 0.2657 (3 )A.  The basal plane has a slightly trigo- 
nal distortion with a 7- value of  0.22 (9) (Addison et 
al., 1984). Hence, the structure can best be described as 
intermediate between an asymmetr ic  cis-distorted octa- 
hedral geometry and a distorted square-based pyramidal  

c 7  

c,0Tj 
C19 ~ , ,  ~ r ~ N 4 4 ~ l  i ~22 

C14(~ ~) 

Fig. 1. The structure of the title compound showing 50% probability 
displacement ellipsoids. 

five-coordinate geometry with an additional long bond 
at the sixth coordinating position. 

The planar pyridine rings involve dihedral angles 
of  27.46(9)  and 23.8(1)  ° for the ligands defined by 
the N1/N5 and N2/N4 atoms, respectively. The crystal 
structure is stabilized by C - - H - - - O  and N - - H . - . O -  
type hydrogen bonds, the details of  which are given 
in Table 2. 

Experimental 
The title complex was prepared by adding a boiling solution 
of [Cu(NO3)2].3H20 (0.48 g, 2.0 mmol) in 20 ml water to a 
warm solution of dpyam (0.68 g, 4.0 mmol) in 30 ml ethanol, 
after which CH3CH2COONa (0.38 g, 4.0 mmol) was added. 
After a few weeks, dark-green crystals formed. 

Crystal data 

[Cu(C3 H5 02 )(CioH9 N3 )2 ]- 
NO3 

Mr = 541.02 
Monoclinic 
P2./c 
a = 13.058 (3) ,~, 
b = 8.6770 (10) ,~, 
c = 21.842 (3) ,~, 
fl = 92.790 (10) ° 
V = 2471.9 (7)/~3 
Z = 4  
Dx = 1.454 Mg m -3 
Dm not measured 

Data collection 
Siemens P4 diffractometer 
0/20 scans 
Absorption correction: none 
5640 measured reflections 
4333 independent reflections 
3261 reflections with 

I > 20"(/) 
Rint = 0.021 

Refinement 

Refinement on F 2 
R[F 2 > 20"(F2)] = 0.038 
wR(F 2) = 0.105 
S = 0.984 
4333 reflections 
430 parameters 
All H atoms refined 
w = 1/[0"2(Fo 2) + (0.0685P) 2] 

where P = (Fo 2 + 2Fc2)/3 

Mo Kc~ radiation 
A = 0.71073 ,~, 
Cell parameters from 18 

reflections 
0 = 0.05-12.93 ° 
/a = 0.932 mm- 
T = 293 (2) K 
Slab 
0.58 x 0.46 x 0.26 mm 
Dark green 

0max = 25.01 ° 
h = - l - - - *  14 
k =  - 1  ---~ 10 
l = - 2 5  ~ 25 
3 standard reflections 

every 97 reflections 
intensity decay: <3% 

(A/O')max = 0.001 
Apmax = 0.497 e]k -3 
Apmin = -0.346 e ,~-3 
Extinction correction: none 
Scattering factors from 
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Table 1. Selected geometric parameters (,~, o) 
Cu--N4 
Cu--N 1 
Cu---Ol 

N4---Cu--N 1 
N4---Cu---O 1 
N l---Cu-----O 1 
N4----Cu--N2 
N 1 --Cu--N 2 

1.989 (2) Cu--N2 
2.005 (2) Cu--N5 
2.020 (2) Cu--4)2 

170.59 (10) OI--Cu--N2 
88.05 (10) N4--Cu--N5 
84.33 (9) N I---Cu--N5 
89.06 (9) O I------Cu--N5 
95.82 (9) N2---Cu--N5 

2.020 (2) 
2.148 (2) 
2.669 (3) 

157.14 (9) 
100.76 (10) 
86.47 (9) 

104.00 (9) 
98.82 (9) 
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Table 2. Hydrogen-bonding geometry (A, °) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
C20--H20- • .03 1.02 (4) 2.46 (4) 3.457 (6) 165 (3) 
C2--H2. • .05 ~ 0.90 (3) 2.52 (3) 3.291 (5) 144 (2) 
N3--HIN3. • .O5 i 0.88 (3) 1.99 (3) 2.859 (5) 168 (3) 
C3--H3. • -04" 0.95 (4) 2.47 (4) 3.377 (9) 160 (3) 
C13--H13. • .05'" 0.85 (5) 2.55 (4) 3.352 (6) 157 (4) 
C 14---H 14- • .02 '~ 0.92 (4) 2.58 (4) 3.334 (4) 140 (3) 
N~-HIN6- • -OT v 0.78 (3) 1.98 (3) 2.763 (4) 176 (3) 

Symmetry codes: (i) 2 - x, 1 - y, - z ;  (ii) x, 1 + y, z; (iii) x - 1, y, z; (iv) 
l - x , y -  ½ , ½ - z .  

The title structure was solved by direct methods and refined 
by full-matrix least-squares techniques. Atoms C22 and C23 
of  the propionate group showed very high disorder with 
unreliable C - - C  bond lengths. Hence,  it was decided to 
consider  the propionate group as two entities with different 
orientations for the bonds C21---C22 and C22---C23. The 
occupancies o f  C22 and C23 were initially refined and then 
fixed at 0.45 for C22A/C23A and 0.55 for C22BlC23B. The 0 
atoms of  the disordered nitrate group were divided into two 
sets with occupancies  of  0.78 and 0.22. All the disordered 
atoms were refined anisotropically with C---C, N---O and 
O---O distances involving the disordered atoms restrained. 
The H atoms o f  C22A, C22B, C23A and C23B were fixed 
geometr ical ly  and al lowed to ride on the atoms to which they 
are attached. All other H atoms were  located from a difference 
Fourier  map and refined isotropically. 

Data collection,  cell ref inement  and data reduction: X- 
SCANS (Siemens,  1994); structure solution and molecular  
graphics: SHELXTLIPC (Sheldrick, 1990); structure refine- 
ment: SHELXL93 (Sheldrick, 1993); geometrical  calculations: 
PARST (Nardelli, 1983, 1995). 

The authors would like to thank the Malaysian 
Government and Universiti Sains Malaysia for research 
grant R&D No. 190-9609-2801. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CF1199). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The molecule [Au2(/z-C3S5){P(p-C6H4OCH3)3}2] con- 
sists of two AuPR3 fragments bridged by one dmit 
group. Although the Au--S  [2.327 (2) and 2.331 (2),~] 
and Au--P  [2.264 (2) and 2.265 (2)A] bond lengths are 
similar to those observed in related dithiolate complexes, 
the intramolecular Au-.-S [3.013 (2),~] and Au. . .Au 
[3.2217 (8),~] contacts are longer. 

Comment 
Dinuclear gold(I) complexes have been studied exten- 
sively during recent years (Melnik & Parish, 1986; Us6n 
& Laguna, 1986; Mingos, 1984; Jones, 1981) because 
they provide a good basis for the study of weak metal- 
metal interactions (Schmidbaur et al., 1989; Schmid- 
baur, 1990). Such interactions are often observed in 
polynuclear gold(I) derivatives and arise from relativis- 
tic effects (Pyykk6, 1988). 

Interest in metal thiolate chemistry has increased 
because of the widespread applications of some of 
these compounds, e.g. for modelling protein sites, as 
anti-arthritic drugs, and in catalytic processes (Blower 
& Dilworth, 1987; Holm et al., 1990; Wright et al., 
1990; Dance, 1986; Kuchn & Isied, 1980). In particular, 
several examples of complexes containing bridging di- 
thiolate ligands coordinated to gold(I)-PR3 units have 
been reported (D~ivila et al., 1993, 1994; Nakamoto 
et al., 1993; Gimeno et al., 1994; Cerrada et al., 
1996). We report here a dinuclear gold(I) derivative, (1), 
containing 2-thioxo-l,3-dithiole-4,5-dithiolate (dmit) as 
the bidentate ligand, which is an example of a so-called 
'open-ring' complex (D~ivila et al., 1994). 

u -  P(C6H4-P-OMe)3 

(1) 
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