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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: HRi024). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH! 2HU, England. 

R e f e r e n c e s  

Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius, 
Delft, The Netherlands. 

Gabe, E. J., Le Page, Y., White, P. S. & Lee, F. L. (1987). Acta Cryst. 
A43, C-294. 

Lu, T.-H., Chung, C.-S. & Ashida, T. (1991). J. Chin. Chem. Soc. 
(Taipei), 38, 147-153. 

Miyamura, K., Kohzuki, M., Narushima, R., Saburi, M., Gohshi, Y., 
Tsuboyama, S., Tsuboyama, K. & Sakurai, T. (1987). J. Chem. Soc. 
Dalton Trans. pp. 3093-3098. 

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta C~'st. 
A24, 351-359. 

Sheldrick, G. M. (1986). SHELXTL-Plus Users Manual. Nicolet 
Instrument Corporation, Madison, Wisconsin, USA. 

Acta Cryst. (1996). C52, 2689-2691 

catena-Poly[[ ( dieth ylenetriamine.N,N',N"). 
copper(II)]-/z-succinato-O,O':O"] 

AARNE PAJUNEN, a SEIJA PAJUNEN, a JUSSI KIVIKOSKI b AND 
JUSSI VALKONEN b 

"Department of Chemistry, University of  Helsinki, Box 55, 
FIN-O0014 University of Helsinki, Finland, and hDepartment 
of Chemistry, University of Jyvtiskylii, Box 35, FIN-40351 
Jyviiskylii, Finland. E-mail: aarne.pajunen @ cc. helsinki.fi 

thalato (Bakalbassis et al., 1991) complexes. The title 
compound, (I), which contains a bridging succinate ion, 
belongs to this family of complexes. 
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The structure of the title complex is shown in Fig. 1, 
which also indicates the atom numbering in the asym- 
metric unit. The complex possesses a crystallographic 
mirror plain passing through Cu and N2, and the O and 
C atoms of the succinate ion. The structure is composed 
of polymeric chains of complexes running parallel to the 
b axis (Fig. 2). Each unit in the chain is related to the 
next by a glide operation along the b axis. The equa- 
torial plane is composed of the three N atoms of the 
diethylenetriamine ligand and the O1 atom of the succi- 
nate ion. The two apical positions are occupied by the 
02  atom of the same succinate ion and the O3 i atom of 
the succinate ion from the next molecule along the chain 

I I _ z]. Because of the un- [symmetry code: (i) -x ,  g +y, 
equal Cu--O2 and Cu----O3' bond lengths [2.663 (2) and 
2.393 (2).~,, respectively], and the unequal O1---Cu-- 
02  and N2---Cu--O2 angles [54.20 (8) and 114.57 (8) °, 
respectively], the local geometry around the Cu atom is 
severely distorted. The coordination about the Cu atom 
can be regarded as distorted octahedral, with a mer con- 
figuration for the N and O atoms. The largest deviation 
of atoms N1, N2, N1 ii and O1 from their mean basal 

(Received 3 May 1996, accepted 25 June 1996) 

A b s t r a c t  

The title compound, catena-poly[{[N-(2-aminoethyl)-  
1,2-ethanediamine-N,N',N" ]copper(II) }-#-succinato- 
O , O ' : O " ] ,  [Cu (C4H404) (C4HI3N3) ]n ,  has a polymeric 
structure in which the central Cu atom is coordinated 
by three N atoms from the diethylenetriamine molecule, 
two O atoms from the succinate ion and one O atom 
from the succinate ion of the adjacent complex unit. 
The coordination polyhedron around the Cu atom can 
be regarded as a severely distorted octahedron. 

C o m m e n t  

Complexes of the tridentate ligand diethylenetriamine 
(dien) with copper and carboxylic acids exhibit many 
types of bridging. Most of the complexes are poly- 
meric, such as the formato (Davey & Stephens, 1971), 
acetato (Towle, Hoffmann, Hatfield, Singh & Chaudhuri, 
1988), phthalato (Shakhatreh et al., 1991) and tereph- 

04 ~ C 6  

Fig. 1. The structure of compound (1) showing 50% probability 
displacement ellipsoids. 
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Fig. 2. Packing diagram viewed along the a axis. 

plane is 0.161 ~1),~,, whereas the Cu atom deviates by 
I only 0.048 (1) A [symmetry code: (ii) x, y, ~ - z]. The 

basal plane is exactly perpendicular to its neighbouring 
carboxylate group plane (O1--C3- -O2) .  

The C u - - N  and C u - - O  1 bond lengths are comparable 
to those found in the aforementioned diethylenetriamine 
complexes. All the C and O atoms of the succinate cu 
ion lie on the mirror plane, which means that the o l 02 
ion is planar except for the H atoms. The shortest o3 
Cu . . .Cu  distance between the chains is 5.278(2),~ o4 

NI 
and the distance between Cu atoms connected to the N2 
same succinate ion is 9.008 (2),~,. The chains are joined cl 
together by hydrogen bonds between the amine H atoms c2 c3 
and the O 1 and 0 4  atoms of the succinate ion (Table 2). ca 

C5 
C6 

Experimental  

Crys ta l s  o f  the title c o m p o u n d  w e r e  p repa red  f r om CuCO3,  
succ in ic  ac id  and d i e t h y l e n e t r i a m i n e  (Pa junen  & N~ishkk~il~i, 

1977) and  r ec rys t a l l i z ed  f r o m  ethanol .  

Crystal data 

[Cu(C4H404)(C4H13N3)]  
Mr  = 282 .79  
O r t h o r h o m b i c  
Pbcm 
a = 8.021 (2) ,~, 
b = 16.864 (3) ,~, 

c = 8.311 (2) 
V = 1124.2 (4) , 3  

Z = 4  
Dx = 1.671 M g  m -3  

Dm= 1.67 (2) M g  m -3  

Dm m e a s u r e d  by  f lo ta t ion  in 

C C l a / C H 3 I  so lu t ion  

M o  Ka rad ia t ion  

A = 0 .71069  ~, 

Cel l  pa r a m e t e r s  f r o m  25 
re f lec t ions  

0 = 4 . 8 9 - 1 0 . 3 1  ° 
# = 1.947 m m -  

T = 293 (2) K 
Pr i sma t i c  

0 .30  × 0.25 × 0.15 m m  
Blue  

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

d i f f r a c t o m e t e r  
20/w scans  
A b s o r p t i o n  cor rec t ion :  

none  

1742 m e a s u r e d  re f lec t ions  

1742 i n d e p e n d e n t  re f lec t ions  

1442 o b s e r v e d  re f lec t ions  
[I > 2cr(/)] 

0m.',x = 29 .96  ° 
h = 0 ---~ 11 
k = 0 ----~ 23 
l = 0 ---~ 11 

2 s tandard  re f lec t ions  
f r equency :  60  min  
in tens i ty  decay :  none  

Refinement 

R e f i n e m e n t  on F 2 
R[F 2 > 2or(F2)] = 0 .0279  

wR(F 2) = 0 .0890  

S = 1.163 

1742 re f lec t ions  

89 pa rame te r s  

H - a t o m  pa rame te r s  not  

re f ined  
w =  l/[cr2(F,~) + ( 0 . 0 3 2 4 P f  

+ 1 .043P]  
w h e r e  P = (F,, 2 + 2F,?)/3 

(A/Cr)m,x = 0.001 

Apm..,~ = 0 .454  e ,~ -3  

Apmin = - 0 . 6 7 0  e ,~-3  
Ex t inc t ion  cor rec t ion :  

SHELXL93 (She ldr ick ,  
1993) 

Ex t inc t ion  coeff ic ien t :  

0 .0113 ( 9 )  
A t o m i c  sca t te r ing  fac tors  

f r o m  International Tables 
for Crystallography (1992,  

Vol. C, Tables  4 .2 .6 .8  and 

6 .1 .1 .4)  

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) 

Ueq = ( l /3)E,EjUoa~ aj* ai.a j. 

x v z Ucq 
0.19664 (4) 0.52376 (2) 1/4 0.02583 (12) 
0.0688 (3) 0.42388 ( I I ) 1/4 0.0380 (5) 
0.3256 (3) 0.37823 (14) I/4 0.0632 (9) 
0.0187(3) 0.12197(13) I/4 0.0623(9) 
0.2797 (3) 0.08205 (12) 1/4 0.0430 (6) 
0.2026 (2) 0.53743 (12) 0.0085 (2) 0.0390 (4) 
0.3662(3) 0.61155(13) 1/4 0.0270(4) 
0.3289 (4) 0.5977 (2) -0.0323 (3) 0.0658 (9) 
0.3407 (3) 0.65642 (15) 0.1015 (4) 0.0511 (7) 
0.1752 (3) 0.3674 (2) I/4 0.0318 (6) 
0.1021 (3) 0.28413 (15) I/4 0.0389 (7) 
0.2312 (4) 0.2199 (2) I/4 0.0494 (10) 
0.1700 (3) 0.1345 (2) 1/4 0.0296 (5) 

Table 2. Selected geometric parameters (A, 
Cu--O I 1.972 (2) O4--C6 
Cu--N2 2.011 (2) N I---CI 
Cu--Nt 2.021 (2) N2--C2 
Cu--OY 2.393 (2) C I--C2 
Cu--O2 2.663 (3) C3---C4 
OI--C3 1.279 (3) C4--C5 
O2--C3 1.220 (3) C5----C6 
O3--C6 1.232 (3) 

OI---Cu--N2 168.77 (9) C I--N I---Cu 
OI---Cu--NI ii 96.30(5) C2--N2--C2" 
O I ---Cu--N I 96.30 (5) C2--N2----Cu 
N2--Cu--N 1 84.26(5) N I ---C I-----<22 
N I'i---Cu--N I 166.62(11) N2---C2----C I 
O I ---Cu--O3 i 102.45 (9) O2------C3---O I 
N2----Cu--O3 i 88.78 (9) O2---C3---C4 
N I --Cu--OY 86.46 (5) O 1 ---C3--C4 
O I --42u--O2 54.20 (8) C5---C4---C3 
N2--Cu---O2 114.57 (8) C4---C5---C6 
N I --Cu---O2 95.50 (6) O3--C6--O4 
OY--Cu--O2 156.65 (8) O3--C6--C5 
C3--OI--Cu 106.8 (2) O4--C6--C5 
C3--O2--Cu 75.7 (2) 

o) 

1.248 (3) 
.475 (3) 
.462 (3) 
.492 (4) 
.522 (4) 
.499 (4) 
.521 (4) 

108.86(15) 
115.1 (3) 
106.64 (13) 
109.2 (2) 
107.2 (2) 
123.3 (3) 
121.2 (3) 
115.5 (2) 
t 13.6 (2) 
117.5 (2) 
124.9 (3) 
118.7 (3) 
116.3(2) 

D - - H .  • .A H. • .A D. • .A D--H.  • .A 
N I--H I. • .04 "i 2.18 3.009 (2) 152 
N I--H2. • .O1" 2.34 3.127 (2) 147 
N2--H3. • .04'  2.02 2.883 (3) 161 

Symmetry codes: (i) - x ,  ½ +3', { - z; (ii) x, y, ½ - z; (iii) x, ½ - y, z - ½ ; 
( i v ) - x , I  -- y, --z; (v) l - - x ,  ½+Y, ½--z .  

H a toms  we re  i nc luded  in ca lcu la t ed  pos i t ions  wi th  f ixed dis- 

p l a c e m e n t  pa rame te r s  (1.2 t imes  the d i s p l a c e m e n t  p a r a m e t e r  
o f  the hos t  a tom) .  

Data  co l lec t ion :  CAD-4 Sofm,are ( E n r a f - N o n i u s ,  1989). 

Cel l  re f inement :  CAD-4 Sofm,are. Data  reduc t ion :  MoIEN 
(Fair,  1990). P r o g r a m ( s )  used  to so lve  s t ructure:  SHELXTLIPC 



AARNE PAJUNEN et  al. 2691 

(Sheldrick, 1990). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: SHELXTL/- 
PC. Software used to prepare material for publication: 
SHELXL93. 

C3H6 S 2 -  ligand in a distorted square-planar geometry. 
The average Pd--S and Pd--P distances are 2.326 (8) 
and 2.299 (7) ,~, respectively. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: AB 1387). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Comment 
Transition metal compounds with mixed sulfur and 
phosphine ligands have attracted much attention due 
to their importance in a wide range of chemical and 
industrial systems. In the nickel-group metals, many 
nickel compounds with such mixed ligands have been 
reported. Surprisingly few palladium compounds, such 
as [Pd2(SC6F5)2(PPh3)2] (Fenn & Segrott, 1972), have 
been structurally characterized. We reported recently 
the palladium compounds [Pd(SCH2CH2SCH2CH2S)- 
(PPh3)2] and [Pd2(PPh3)2(HOC6HnS)2C12] (Cao, Hong, 
Jiang, Xie & Liu, 1996), and [Pd2(PPh3)2(SC2HnS)2] 
(Cao, Hong, Jiang & Liu, 1995). We report here the 
crystal structure of a mononuclear palladium complex, 
namely, [Pd{Ph2P(CH2)3PPh2}(SC3H6S)].CH3CN, (I). 

Ph Ph 
\ /  
P S 

~ - -  ~pd/ -~ .CH3CN 
L_-v / \ s - - - /  

ph/\ph 
(I) 
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[ 1,3-Bis(diphenylphosphino)propane- 
P,P'](1,3-propanedithiolato-S,S')- 
palladium(II) Acetonitrile Solvate, 
[Pd{Ph2P(CH2)3PPhz}(SC3H6S)].CH3CN 
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Abstract 
The structure of the title compound, [Pd(C3H6S2)- 
(C27H26P2)].CH3CN, consists of discrete mononuclear 
palladium(II) complex and acetonitrile molecules. The 
Pd atom is fourfold coordinated by two P atoms 
from the phosphine ligand and two S atoms from the 
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The title compound, (I), consists of a discrete mono- 
nuclear palladium(H) complex and an acetonitrile mol- 
ecule (Fig. 1). The Pd atom is fourfold coordinated 
by two P atoms from the phosphine ligand and two S 
atoms from the C3H6S 2- ligand in a distorted square- 
planar geometry. The displacements from the least- 
squares plane formed by the atoms Pd(1), P(1), P(2), 
S(1) and S(2) are 0.007, -0 .067,  0.064, -0 .65  and 

C(34) C(24) ~ C(25) 

C(33) _ ~  C(35) C(23) ~ C  26) 

C(32) ~ C(36 ) C(22) ~ c( 

~C(31)  ~ )  ~ ~ / v ~ ) ; ( 2 1 )  

C(4) 

C(5) 

Fig. 1. The crystal structure of the title complex with ellipsoids drawn 
at the 30% probability level. 
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