
1 2 4 2  [Cu(CIO4)2  (CI4H32N4) ]  

NI 1---C51 i 1.52 (2) Cll--O4 1.401 (3) 
N2--C2 1.481 (4) CII--O11 1.32(1) 
N2--C3 1.488 (4) CI 1 --021 1.49 ( 1 ) 
C1--C2 1.484 (6) C11--O31 1.36 (2) 

N 1 i---Cu I--N 1 180.0 N 2---C2---C I 108.0 (3) 
N 11 i----Cu I--N 11 1 8 0 . 0  N2---C3--C6 I 11.7 (3) 
N li---Cul--N2 94.7 (1) N2--C3--C4 111.0 (3) 
NI--Cul--N2 85.3 (1) C6--C3--C4 111.8 (3) 
N2i---CuI--N 11 91.7 (3) C7--C4--C3 114.9 (4) 
N2---Cu 1--N 11 88.3 (3) C7--C4--C51 88.6 (6) 
N2i--Cu l--N2 1 8 0 . 0  C3---C4--C51 I 17.7 (5) 
N l--Cul--O1 88.0 (2) C7--C4---C5 117.7 (5) 
N11--Cul--O11 85.5(5) C3--C4--C5 112.4(3) 
N2--Cul--O1 82.9 (2) N 1'--C5--C4 112.8 (4) 
N2---Cu 1--O11 81.8(5) N I 1'--C51--C4 106.3(10) 
O li---~ul---O 1 1 8 0 . 0  O1--C11--O2 106.1 (3) 
Ol 1 i---Cu 1---O 11 180.0 O 1--C11--O3 109.0 (5) 
c5i--N 1---C 1 110.0 (4) OI--C11--O4 114.3 (3) 
C5i--N l---Cu 1 118.1 (3) O2---C11---O3 107.9(4) 
CI--N1--Cul 106.4 (3) O2---Cli--O4 110.4 (3) 
C5 li--N11---C 1 103.8 (8) O3--C11--O4 108.9 (3) 
C5 P--NI l---Cul 102.5(7) O11--Cli--O21 106.2(10) 
C1--N 1 l---Cul 101.3(5) O 1 I------C11--O31 111 (2) 
C2--N2---C3 113.9 (3) OI 1---Cli--O4 108.7 (10) 
C2--N2--Cul 105.4 (2) O21---Cll--O31 114.9 (14) 
C3--N2--Cul 116.3 (2) O21--C11--O4 104.7 (7) 
C2---CI--N 1 104.6(3) O31~11--O4 111.4(11) 
C2--C I--N 11 119.0 (4) 

Symmetry code: (i) - x ,  - y ,  -z .  

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: NRC- 
VAX (Gabe et al., 1989). Program(s) used to solve struc- 
ture: SHELXS86 (Sheldrick, 1990). Program(s) used to refine 
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics: 
NRCVAX. Software  used to prepare material for publication: 

SHELXL93. 

The authors thank the National Science Council of 
Taiwan for support under grants NSC86-2112-M007- 
028, NSC86-2811-M007-0041, NSC87-2112-M007-009 
and NSC87-2113-M007-041. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA1262). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The title cobalt complex, [ C o ( C T H 4 N O 4 ) 2 ( C 6 H 6 N 2 0 ) 2 -  

( H 2 0 ) 2 ] ,  is monomeric and centrosymmetric, and con- 
tains two water molecules, two 4-nitrobenzoate and two 
nicotinamide (NA) ligands, all acting as monodentate 
ligands. The four nearest O atoms around the Co atom 
form a slightly distorted square-planar arrangement, 
with a distorted octahedral coordination completed by 
the pyridine N atoms of the NA ligand, at a distance of 
2.134 (2)A. The water molecules are hydrogen bonded 
to the carboxyl O atoms [O. . .O 2.634 (5)A]. 

Comment 
There are only a few examples of structure deter- 
minations of Co II complexes with nicotinic and/or 
benzoic acid derivatives as ligands, e.g. [Co(C7H5- 
O3)2(DENA)2(H20)2] (where DENA is diethylnico- 
tinamide, C10H14N20; H6kelek & Necefo~lu, 1997), 
[Co(CH3CO2)2(DENA)2(H20)2] (Mikelashvili, 1982), 
[Co(H20)a(p-O2NC6HaCOO)2] (Nadzhafov et al., 
1981)  and  [ C o ( H 2 0 ) 4 ( p - H 2 N C 6 H 4 C O O ) 2 ]  ( A m i r a s l a n o v  

et al., 1979) .  T h e  s t r u c t u r e - f u n c t i o n - c o o r d i n a t i o n  re la -  

t i o n s h i p s  o f  the  a r y l c a r b o x y l a t e  ion  in C o  Il c o m p l e x e s  

o f  b e n z o i c  a c i d  d e r i v a t i v e s  c h a n g e  d e p e n d i n g  o n  the  
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NI 
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Fig. 1. An ORTEPII (Johnson, 1976) drawing of (I), showing the atom-numbering scheme. Displacement ellipsoids are drawn at the 50% 
probability level. 

nature and position of the substituted groups in the 
phenyl ring, the nature of the additional ligand mol- 
ecule or solvent, and the pH and temperature of syn- 
thesis (Shnulin et al., 1981; Antsyshkina et al., 1980; 
Adiwidjaja et al., 1978). When pyridine and its deriva- 
tives are used instead of water molecules, the structure 
is completely different (Catterick et al., 1974). In the 
[Co(p-O2NC6H4COO)2(H20)4] complex, Nadzhafov et 
al. (1981) found that the Co atom is situated on a centre 
of symmetry, and is surrounded by six O atoms form- 
ing a slightly distorted octahedron. Four positions are 
occupied by O atoms from the water molecules, and 
the other two by the O atoms of the carboxyl groups 
of the p-nitrobenzoate anions. The structure determina- 
tion of the title molecule, (I), was undertaken to deter- 
mine the ligand properties of the nicotinamide (NA) 
and benzoate ligands, and to compare the coordina- 
tion geometries when the NA ligands are substituted 
for water in the Nadzhafov et al. (1981) complex. The 

o2N.  , 0.2 
o 

H2N- ~ OH2 ~ 

NO2 
(I) 

title compound is a monomeric complex, with Co on 
a centre of symmetry. All the ligands are monodentate, 
and the O atoms of each water molecule and benzoate 
group form a slightly distorted square-planar coordi- 
nation around the Co atom. The pyridine N atoms of 

the NA ligand complete a Jahn-Teller-distorted octa- 
hedron at distances of 2.134 (2),~ (Fig. 1). There are 
hydrogen bonds between the carboxyl 04  atoms and 
water O1 atoms [04. . .O1 2.634 (5) A]. Similar hydro- 
gen bonds are observed in [Co(C7HsO3)2(DENA)2- 
(H20)2] [O. . .O 2.687 (5),4,; Hrkelek & Necefo~lu, 
1997], [Co(H20)4(p-O2NC6H4COO)2] [O. . .O 2.59A; 
Nadzhafov et al., 1981] and [Co(H20)a(p-H2NC6H4- 
COO)2] [O.-.O 2.592 (3)A, Amiraslanov et al., 1979]. 
The Co atom lies 0.414 (3) A out of the C7,O3,O4 least- 
squares plane. In the carboxylate group, the C7--O3 
and C7--O4 bond lengths (Table 1) are the same as in 
the [Co(CTH503)2(DENA)2(H20)2] complex [1.251 (6) 
and 1.254(7)A; Hrkelek & Necefo~lu, 1997], but 
they are different from the corresponding ones in the 
[Co(H20)~(p-O2NC6HnCOO)2] complex [1.292(6)and 
1.246 (8)A; Nadzhafov et al., 1981]. The dihedral angle 
between the planar carboxyl group (C7,O3,O4) and the 
phenyl ring (C8-C13) is 23.7 (3) °. The correspond- 
ing angle is 2.2 (6) ° in [Co(C7HsO3)2(DENA)2(H20)2] 
(Hrkelek & Necefo~lu, 1997). 

Experimental 

The title compound was prepared from the reaction of 
COSO4.7H20 (0.01 mol) and NA (0.02 mol) in sodium p-nitro- 
benzoate solution (0.02 mol). The mixture was filtered and set 
aside to crystallize at ambient temperature for a few days. Pink 
crystals suitable for X-ray diffraction were obtained. 

Crystal data 

[Co(CvH4NO4)2(C6H6N20)2- Mo Ka radiation 
(H20)2] A = 0.71073 ,~ 

Mr = 671.442 Cell parameters from 25 
Triclinic reflections 
P]- 0 = 10-18 ° 
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a = 7.5815 (8) ,~. 
b = 9.9861 (9) ,~, 
c = 10.2413 (12) ,~, 
o~ = 78.417 (9) ° 
/3 = 88.559 (9) ° 
3' = 71.491 (8) ° 
V = 719.66 (14) A 3 
Z = I  
Dx = 1.5493 Mg m -3 
Dm not measured 

# = 0.671 mm - I  
T =  298 K 
Rod  
0.30 × 0.25 × 0.25 mm 
Pink 

Data collection 

Enraf -Nonius  C A D - 4  
diffractometer  

w/20 scans 
Absorpt ion correction: 

empirical  via ~b scans 
(MolEN; Fair, 1990) 

Tmin = 0.828, Tmax = 0.846 
3086 measured reflections 
2913 independent  reflections 
2842 reflections with 

F > 0  

Rint - 0.064 
0max = 26.3 ° 
h = 0---+ 9 
k = - 1 1  ~ 12 
I = - 1 2 - - *  12 
3 standard reflections 

every 250 reflections 
frequency: 120 min 
intensity decay: 1% 

Refinement 

Refinement  on F 
R = 0.037 
wR = 0.046 
S = 1.03 
2842 reflections 
205 parameters  
H atoms riding 

w = 1/[o'(F 2) + (0.02F) 2 

+ 1] 

(A/o')max = 0.01 
Apmax = 0.50 e A, -3 
Apmin = - 0 . 2 4  e /~-3 
Extinction correction: none 
Scattering factors from Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 

Table 1. Selected geometric parameters (3,, o) 
Co--O1 2.136 (1) O6---N3 1.199 (3) 
Co---O3 2.091 (2) NI--CI 1.323 (3) 
Co---N2 2.134 (2) N2--C3 1.337 (3) 
O2---C 1 1.234 (2) N2---C4 1.335 (2) 
O3---C7 1.254 (2) N3---C 11 1.475 (4) 
O4------C7 1.251 (2) C7---C8 1.512 (3) 
O5--N3 1.195 (3) 

O1---Cc>---O3 92.67 (6) O2--CI--N I 122.2 (2) 
O I--Co----N2 92.88 (6) O2~C1--C2 119.8 (2) 
O3---Co--N2 90.19 (6) N I---C 1--C2 118.0 (2) 
Co---O3---C7 126.8 (1) N3---CI1---CI0 118.5 (2) 
Co---N2----C3 119.1 (1) N3---CI 1---C12 118.5 (2) 
Cty---N2---C4 123.0 (4) N2---C3----C2 123.4 (2) 
C3--N2---C4 118.0 (2) N2--C4--C5 122.4 (2) 
O5--N3---O6 122.9 (3) O3---C7--O4 126.0 (2) 
O5--N3----C11 118.8 (2) O3---C7---C8 117.7 (2) 
O6---N3--C11 118.2 (2) O4----C7--428 116.3 (2) 

OI--C~-O3--C7 - 18.3 (2) O3---Co----N2--C3 34.7 (2) 
N2---Co---O3---C7 74.6 (2) O3--Co---N2---C4 - 144.7 (2) 
O1---Co---N2----C3 127.4 (2) Co---O3--C7---O4 14.3 (3) 
O1---Co---N2--C4 -52.0 (2) Co---O3---C7--C8 - 162.2 ( I ) 

The title structure was solved by the Patterson method. The 
H-a tom posit ions were calculated geometrically,  with Ueq(H) = 
1.3Ueq of  the parent non-H atom. A riding model  was used in 
the refinement. 

Data collection: MolEN (Fair, 1990). Cell refinement: 
MolEN. Data reduction: MoIEN. Program(s)  used to solve 
structure: SHELXS86 (Sheldrick, 1990). Program(s)  used to 
refine structure: MolEN. Molecular  graphics: ORTEPII (John- 

son, 1976). Software used to prepare material for publication: 
MoIEN. 

The authors wish to acknowledge the purchase of a 
CAD-4 diffractometer under Grant DPT/TBAG1 of the 
Scientific and Technical Research Council of Turkey, 
and are grateful to the Kafkas University Research Fund 
for the financial support of this work. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: OS1013). Services for accessing these 
data are described at the back of the journal. 
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B i s [ / ~ - m e t h y l e n e b i s ( d i c y c l o h e x y l p h o s p h i n e ) -  

P : P ' ] b i s [ c h l o r o p a l l a d i u m ( I ) ] ( P d m P d )  

D i a c e t o n i t r i l e  S o l v a t e  

MIHO HASHIOKA, KEN SAKAI AND TARO TSUBOMURA* 

Department of Industrial Chemistry, Seikei University, 
Kichijoji-Kitamachi, Musashino, Tokyo 180, Japan. E-mail: 
tsubo @ ch.seikei, ac.jp 

(Received 28 November 1997; accepted 24 March 1998) 

Abstract 
A d i n u c l e a r  p a l l a d i u m ( I )  c o m p l e x  b r i d g e d  b y  t w o  

d i p h o s p h i n e  l i gands ,  b i s [ # - m e t h y l e n e b i s ( d i c y c l o h e x y l -  

p h o s p h i n e ) - P : P '  ] b i s  [ c h l o r o p a l l a d i u m ( I )  ] ( P d m P d )  di-  

a c e t o n i t r i l e  so lva t e ,  [Pd2C12(C25Hz6P2)e ] . 2C2H3N,  has  
b e e n  p r e p a r e d ,  and  the  c rys t a l  s t r u c t u r e  d e t e r m i n e d .  
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