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two Cu atoms per subunit (Townes, Titone & Rosenberg, 
1990). 

2-Quinolinecarboxylic acid is also known to be a 
potent chelator of copper and other transition metal ions 
(Martell & Smith, 1974). Accordingly, we have carded 
out the structure analysis of the chelate compounds of 
2-quinolinecarboxylic acid and biologically important 
metal ions in order to clarify the binding scheme of this 
metabolite to metal ions. In the present study, the crystal 
structure of the Mn n complex of 2-quinolinecarboxylic 
acid, (II), has been determined. 
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Abstract 
The title compound, [Mn(C 10H6NO2)2 (He 0)2 ], contains 
a six-coordinate Mn atom at a center of symmetry. 
The Mn atom displays distorted octahedral coordination. 
2-Quinolinecarboxylate anions lie in a trans position 
with respect to one another, forming the equatorial 
plane, and the water ligands occupy the axial positions. 
In the equatorial plane, the Mn-ligand distances and 
the bite angle of the ligand are Mn--O 2.131 (2), 
Mn--N 2.315 (2),~ and O---Mn--N 74.85 (7) °. In the 
axial direction, Mn---OH2 2.185 (2) and O---Mn--N 
91.10 (8) °. Molecules are linked by a three-dimensional 
O- -H . . -O  hydrogen-bonding network involving water 
molecules and carboxylate groups. 

Comment 
2-Quinolinecarboxylic acid (quinaldinic acid), (I), is 
one of the final products of tryptophan metabolism 
and is derived from kynurenic acid (Martin, Mayes & 
Rodwell, 1983). It inhibits dopamine/3-hydroxylase (EC 
I. 14.17.1), which is a multi-subunit enzyme containing 

The structure of the precursor of 2-quinoline- 
carboxylic acid, kynurenic acid, has been reported 
(Okabe, Miura & Shimosaki, 1996), and recently the 
structure of (II) has been reported as the water and 
ethanol solvate (Haendler, 1996). The molecular struc- 
ture of (II) with the atom-labeling scheme is shown in 
Fig. 1. The Mn n atom is coordinated octahedrally by 
two trans quinoline N atoms [Mnl--N1 2.315 (2)A], 
by two trans-O atoms of the carboxylate groups in posi- 
tion 2 of (I) [Mn 1--O2 2.131 (2) A] and by two trans-O 
atoms of the water molecules [Mnl--O3 2.185 (2),4,]. 
These MnlI-ligand distances are similar to those val- 
ues in the water/ethanol solvate [Mn--N 2.324(3), 
Mn--O 2.125 (2) and Mn--OH2 2.209 (3) A; Haendler, 
1996]. The carboxyl group is present in an ionized 
form and is almost parallel to the quinoline ring plane 
[O2---C 1---C2--N 1 - 15.4 (3)° ]. These conformational 
features are also observed in the solvated complex 
(Haendler, 1996). The molecular packing of the crystal 

01 

03 C3 4 c4 
c 8  

Fig. i. ORTEPII (Johnson, 1976) drawing of the title compound with 
the atom-numbering scheme. Displacement ellipsoids for non-H 
atoms are drawn at the 50% probability level. 
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structure is shown in Fig. 2. The crystal structure is sta- 
bilized by stacking interaction between quinoline rings 
and a three-dimensional hydrogen-bonding network be- 
tween water molecules and carboxylate groups of  the 
neighboring complex: O 3 - - H 3 1 . . . O 1  i 2.753 (3) ~, and 
O 3 - - H 3 2 . .  "O1 ii 2.845 (3),& [symmetry codes: (i) x, y, 

I 1 - 1 + z; (ii) x, ~ - y, - ~ + z]. 

b 

Fig. 2. Packing diagram of the title compound as viewed down the c 
axis. 

E x p e r i m e n t a l  

The  l igh t -ye l low plate  crys ta l  was  ob ta ined  by  the s low 
evapora t ion  o f  an aqueous  solut ion o f  a mix tu re  o f  2-quino-  
l inecarboxyl ic  acid  and [Mn(CH3CO2)2] .4H20  in the mola r  
ratio o f  4:1 at r o o m  tempera ture .  

Crystal data 

[Mn(C 10 H6 NO2 )2 (H2 O)2 ] 
Mr = 435.30 
Monoc l i n i c  
P2,/c 
a = 10.028 (6) .~ 
b = 13.118 (7) ,~ 

o 
c = 7.321 (5) A 
fl  = 107.33 (4) ° 
V = 919.3 (9) ~3 

Z = 2  
/9, = 1.572 M g  m -3  

Dm not  measu red  

Data collection 

Rigaku  A F C - 6 S  d i f f rac tom-  
eter  

w-20 scans  
Absorp t ion  correct ion:  

~/, scans (North,  Phi l l ips  
& Ma thews ,  1968) 
Tmi, = 0.582,  Tma~ = 0.896 

2333 m e a s u r e d  ref lect ions  
2215 independen t  ref lect ions  

M o  Ka radia t ion 
A -- 0 .7107.4 ,  
Cel l  parameters  f rom 24 

ref lect ions  
O = 1 8 . 2 5 - 2 3 . 4 0  ° 
# = 0.729 m m - l  
T = 296 K 
Plate 
0.40 x 0.40 x 0.15 m m  
Ligh t  ye l low 

1666 ref lect ions  wi th  
I > 3or(/) 

Rim = 0.019 
0max = 27.5 ° 
h = 0 --* 12 
k = 0 ---~ 16 
l =  - 9 - - +  9 
4 s tandard  ref lect ions 

eve ry  150 ref lect ions  
in tens i ty  decay:  none  

Refinement 

Ref inemen t  on F 
R = 0.035 
wR = 0.043 
S = 1.670 
1666 ref lect ions  
165 parameters  
H a toms  ref ined i so t ropica l ly  

w = 4Fo2/O'2(Fo 2) 

( m / o ' ) m a x  = 0.002 
mpmax = 0.46 e ,~-3 

z ~ P m i n  = - 0 . 5 6  e ,~-3  
Ex t inc t ion  correct ion:  none  
Scat ter ing  factors  f rom Inter- 

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

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

Beq = (87r2/3)~i~jUqa7 aT ai.a j. 

x y z Beq 
Mnl 1/2 0 1/2 2.31 (2) 
O 1 0.5718 (2) 0.1537 ( 1 ) 1.0170 (2) 3.06 (6) 
02 0.5952 (2) 0.0525 (I) 0.7845 (2) 3.14 (6) 
03 0.5607 (2) 0.1411 (2) 0.3876 (3) 4.2 (1) 
NI 0.3241 (2) 0.0838 (I) 0.5851 (2) 2.11 (6) 
CI 0.5241 (2) 0.1045 (2) 0.8652 (3) 2.32 (8) 
C2 0.3680 (2) 0.1120 (2) 0.7674 (3) 2.26 (8) 
C3 0.2794 (3) 0.1503 (2) 0.8672 (3) 2.85 (9) 
C4 0.1403 (3) 0.1597 (2) 0.7737 (3) 2.88 (9) 
C5 -0.0529 (3) 0.1461 (2) 0.4710(4) 3.1 (1) 
C6 -0.0959 (3) 0.1244 (2) 0.2809 (4) 3.4 ( 1 ) 
C7 -0.0002 (3) 0.0890 (2) 0.1905 (3) 3.2 (I) 
C8 0.1371 (3) 0.0736 (2) 0.2892 (3) 2.70 (8) 
C9 0.1849 (2) 0.0967 (2) 0.4867 (3) 2.24 (7) 
C I 0 0.0893 (2) 0.1341 (2) 0.5788 (3) 2.54 (8) 

Table 2. Selected 
Mn I---O2 2.131 (2) 
Mn I ~ 3  2.185 (2) 
MnI--NI 2.3t5 (2) 
O I-----C 1 .250 (3) 
O2--C 1 .254 (3) 
N I---C2 .327 (3) 
N 1----C9 .378 (3) 
C I---C2 .518 (3) 
C2--C3 .401 (3) 

O2--Mn I--O3 90.01 (8) 
O2--Mn I - - - O 3  i 89.99 (8) 
O2--MnI--NI 74.85 (8) 
O3--MnI--NI 91.10 (8) 
O2--MnI--NI i 105.15 (8) 
Mnl ~ 2 ~ 1  119.0 (1) 
C2--N I---C9 118.2 (2) 
OI---C1---O2 125.3 (2) 
O I--C I----C2 117.0 (2) 
O2---C 1--C2 117.7 (2) 
N 1--C2---C1 116.2 (2) 
N 1--C2----C3 123.6 (2) 
C 1------C2---C3 120.1 (2) 

Symmetry code: (i) 1 - x, - y ,  

geometric parameters (,4, o) 
C3--C4 1.364 (4) 
C4--C 10 1.406 (3) 
C5----C6 1.359 (4) 
C5-----C 10 1.418 (4) 
C6----C7 1.397 (4) 
C7---C8 1.366 (3) 
C8---C9 1.414 (3) 
C9---C I 0 1.414 (3) 

C2---C3--C4 I 18.9 (2) 
C3--C4---C 10 119.8 (2) 
C6---C5---C I 0 120.4 (2) 
C5---C6---C7 120.1 (2) 
C6--~7---C8 121.7 (2) 
C7--C8--C9 119.4 (2) 
N I---C9---C8 119.4 (2) 
N 1---C9---C 10 121.2 (2) 
C8---C9--C 10 119.4 (2) 
C4---C I 0----C5 122.7 (2) 
C4---C I 0---C9 I ! 8.3 (2) 
C5----C 10--C9 119.0 (2) 

1 - z .  

All H a toms  were  located f rom d i f fe rence  Four ie r  maps  and  
inc luded  in the r e f inement  ca lcula t ions  isotropical ly.  

Data  col lect ion:  MSC/AFC Diffractometer Control Soft- 
ware (Molecu la r  St ructure  Corpora t ion ,  1988). Cel l  refine- 
ment :  MSC/AFC Diffractometer Control Software. Data  reduc-  
tion: TEXSAN (Molecu la r  Structure  Corpora t ion ,  1985). Pro-  
gram(s)  used  to solve  structure:  SHELXS86 (Sheldr ick,  1985) 
and DIRDIF (Beurskens ,  1984). P rogram(s )  used  to refine 
structure:  TEXSAN. Molecu la r  graphics:  ORTEPII ( Johnson,  
1976). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FRI028). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

The adduct of tetra-#-benzoato-dicopper(II) with urea, 
[Cu(C7HsOz)2(CH4N20)]2, is dinuclear. Each Cu atom 
is displaced by 0.195 (3)A from the plane of the four 
benzoato O atoms to which it is bonded. The Cu...Cu 
distance is 2.633 (2)oA. The average Cu--O(benzoate) 
distance is 1.964 (3) A and the Cu--O(urea) bond length 
is 2.156 (6),A,. 

Comment 
Carboxylic acid complexes of copper(II) are of special 
chemical and biological interest and accordingly have 
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been extensively studied. Their preparation, structural, 
magnetic and spectral properties have frequently been 
described (see Melnik, 1982; Kato & Muto, 1988; 
Valko, Bilton, Morris & Melnik, 1993; Sundberg, Uggla 
& Melnik, 1996, and references therein). Our interest 
in copper(II) carboxylates evolves from their biological 
activity (Bergant, Petrie, Pohleven, Rebergek & Segedin, 
1994; Grgurevi~, Petrie, Pohleven & Segedin, 1996). 
Different pharmacological effects have been established 
for solvated mononuclear and dinuclear complexes 
(Sorensen, 1983) and fungicidal and insecticidal action 
is to be anticipated. 

Several dinuclear tetrabenzoatocopper(II) complexes 
of general formula Cu2(benz)4.2L (benz = C6HsCOO-; 
L = axially bonded neutral ligand) have been structurally 
characterized. The axial ligands L were: methanol, 
CH3OH (DAYJIW); dimethylsulfoxide, (CH3)2SO (CO- 
CYUO); pyridine, CsHsN (BZPRCV, BZPRCV01); 
quinoline, C9HTN (TBZOQC); triphenylphosphine oxide, 
(C6Hs)3PO (PILBIV); benzoic acid, C6HsCOOH (KUB- 
HOE);/3-picoline, C6H7N (KUBHUK); 4-methylquino- 
line, C10H9N (KUBJAS); 7-methylquinoline, CIoH9N 
(KUBJIA); 4,7-dichloroquinoline, C9HsCI2N (KUB- 
JOG); caffeine, C8HIoN402 (KUBJUM) (from the Cam- 
bridge Structural Database, October 1995 release, with 
refcodes in parentheses; Allen & Kennard, 1993). 
Additionally, the dimeric copper(H) benzoate with 
N,N-diethylnicotinamide has been described recently 
(H6kelek, Necefo~lu & Balci, 1995). 

In this paper, we report the structure determination of 
a dinuclear copper(II) benzoate complex with two urea 
molecules [urea - CO(NH2)2, CHzN20] acting as axial 
ligands (Fig. 1), Cu2(benz)a.2(urea), (I). 

H2NyNH2 A 

_ o 

% 

(I) 

The structure analysis confirmed the expected dimeric 
form. Four bidentate benzoate anions form bridges 
between Cu atoms which have a 4+ 1 environment. The 
coordination sphere around each Cu atom is made up of 
four O atoms of benzoate groups in the basal plane, the 
apical position being occupied by the urea O atom. The 
average Cu--O(basal) distance is 1.964 (3) ,~,, which is a 
typical value in dimeric copper carboxylates complexes. 
The Cu atom is shifted by 0.195 (3)A out of the plane 
of the four O atoms towards the axial ligand. 

As suggested by Kawata et al. (1992), ~gro t (the 
dihedral angle between the phenyl and carboxyl planes 
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