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O(20)--Mo(3)--O(22) 74.8 (1) O(18)--Mo(7)--O(21) 101.2 (2) 
O(20)--Mo(3)--O(23) 86.7 (2) O(18)--Mo(7)--O(22) 101.6 (2) 
O(22)--Mo(3)--O(23) 72.0 (1) O(18)--Mo(7)--O(23) 171.6 (2) 
O(4)--Mo(4)--O(8) 104.5 (3) O(18)--Mo(7)--O(24) 83.9 (2) 
O(4)--Mo(4)--O(16) 91.5 (2) O(21)--Mo(7)--O(22) 141.9 (1) 
O(4)--Mo(4)--O(20) 99.5 (2) O(21)--Mo(7)--O(23) 76.5 (1) 
O(4)--Mo(4)--O(22) 87.5 (2) O(21)--Mo(7)--O(24) 75.6 (2) 
O(4)--Mo(4)--O(24) 155.6 (2) O(22)--Mo(7)--O(23) 76.5 (1) 
O(8)--Mo(4)--O(100 99.9 (2) O(22)--Mo(7)--O(24) 77.0 (2) 
O(8)--Mo(4)--O(20) 98.2 (2) O(23)--Mo(7)--O(24) 87.7 (1) 
O(8)--Mo(4)--O(22) 166.7 (2) 

Intensity data were corrected for Lp effects. The positions of the 
seven Mo atoms were obtained by direct methods using MUL- 
TANSO (Main et al., 1980) and those of O, N and C atoms from 
subsequent Fourier syntheses. An absorption correction follow- 
ing the DIFABS procedure (Walker & Stuart, 1983) was applied 
at the conclusion of isotropic refinement. A weighting scheme of 
type w = wl.w2 with wl = kd(a + blFol) 2 and w2 = k2l(c + dsinOlA 
+ esin20/Jk) was used to obtain fiat dependence in ( w A F  2) ver- 
sus (Fo), and versus (sin0/)~) (PESOS; Martinez-Ripoll & Cano, 
1975); the coefficients used were kl = 0.497, k2 = 1.013, a = 
4.916, b = -0 .099 for [Fol <_ 26.20; a = 2.513, b = 0.000 for 
26.20 < IFol <_ 52.81; a = 0.791, b = 0.028 for 52.81 < IFol <_ 
185.61; a = -9.380, b = 0.079 for IFol > 185.61; c = 23.116, 
d = -129.978, e = 185.590 for sin0/A _< 0.37; c = 0.885, d ffi 
-0.553, e = 0.000 for sin0/)~ > 0.37. Non-H atoms were re- 
fined anisotropically. The H atoms were positioned from stereo- 
chemical criteria and included as fixed contributors. Most cal- 
culations were carried out using the XRAY'/6 system (Stewart et 
al., 1976) running on a MicroVAX 3800 computer. Geometrical 
calculations were made with PARST (Nardelli, 1983). 
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Abstract 
The title compound, [Zn2(/.t-CsH6N4)(I-I20)8].- 
(SO4)2.2H20, consists of [Zn2(/z-bpm)(H20)8] 4÷ di- 
nuclear units (bpm = 2,2'-bipyrimidine), sulfate 
counter anions and crystallization water molecules. 
The bpm ligand acts in a bis-chelating fashion and 
bridges the two metal ions. Each metal ion is in a 
distorted octahedral environment created by two N 
atoms from bpm and four O atoms from the water 
molecules. 

Comment 
2,2'-Bipyrimidine is a heterocyclic N-donor ligand 
which has been the subject of great interest in the last 
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decade because of its versatility as a ligand towards 
metal ions. It can coordinate to metal centres either 
as a bis-chelate (De Munno & Bruno, 1984; De 
Munno, Julve, Nicol6, Lloret, Faus, Ruiz & Sinn, 
1993; Brewer & Sinn, 1985; Kaim & Kholmann, 
1987; Brewer, Murphy & Petersen, 1987; Julve, De 
Munno, Bruno & Verdaguer, 1988; Julve, Verdaguer, 
De Munno, Real & Bruno, 1993) or a chelate 
(Castro, Julve, De Munno, Bruno, Real, Lloret & 
Faus, 1992; De Munno, Bruno, Julve & Romeo 
1990; De Munno, Julve, Lloret, Faus, Verdaguer & 
Caneschi, 1993; De Munno, Julve, Verdaguer & 
Bruno, 1993; De Munno, Nicol6 & Julve, 1993; 
Hiskey & Ruminski, 1986; Ruminski & Petersen, 
1985; Matsubayashi, Yamaguchi & Tanaka, 1988). 

In recent years, particular attention has been 
devoted to the synthesis and crystal structure deter- 
mination of bpm-containing copper(II) complexes. 
In these compounds, both bidentate (Morgan, Pen- 
nington, Petersen, Ruminski, Bennett & Rommel, 
1992; De Munno et al., 1990; De Munno, Julve, 
Verdaguer & Bruno, 1993) and the bis-bidentate (De 
Munno & Bruno, 1984; Julve et al., 1988; Julve et al., 
1993) coordination modes were found. Recently, our 
attention has focused on dinuclear compounds of 
bpm with other first-row transition-metal ions to 
discuss and compare the magnitude of the exchange 
coupling through the bridging bpm ligand. Along 
this line, bpm-bridged iron(II) (Andrrs, De Munno, 
Julve, Real & Lloret, 1993) and nickel(II) (De 
Munno, Julve, Lloret & Derory, 1993) were prepared 
and characterized. 

We report here the synthesis and crystal structure 
of the bpm-bridged zinc(II) complex [Zn2(/z- 
bpm)(H20)a](SO4)2.2H20, (I). The structure of the 
compound is composed of [Zn2(~-bpm)(H20)8] 4÷ 
dinuclear cations, uncoordinated sulfate anions and 
crystallization water molecules. The compound is 

-OH2 OH2 N ~  N OH2 1 

OH2 ~ OH2 1 
(I) 

(SO4)v2H20 

isostructural with the parent complexes, [M2(/.L- 
bpm)(H20)s](SO4)2.2H20 (M = Ni", Fen). The 
molecular geometry and the atom-labelling scheme 
for the dinuclear unit are depicted in Fig. 1. The 
sulfate anions and the coordinated and uncoordi- 
nated water molecules contribute to the packing by 
forming an extensive network of hydrogen bonds, as 
shown in Fig. 2. The dinuclear entity consists of two 
metal atoms, joined by a bpm molecule, and eight 

coordinated water molecules. An inversion centre is 
located halfway through the C(4)--C(4 i) bond of the 
bpm group. The metal atom is hexacoordinate, being 
bonded to two N atoms of the bpm ligand and four 
O atoms of the water molecules. The Zn--N bond 
lengths are very similar, with a mean value of 
2.198 (2) A. This value is larger than the correspond- 
ing distance in the nickel(II) complex [2.115 (2)A], 
but smaller than that of iron(II) [2.221 (2)A]. The 
four Zn--O distances exhibit significant differences: 
ZnmO(1) and Zn---O(2) are 2.105(2) and 
2.104 (2),~, respectively, whereas ZnmO(4) assumes 
the largest value [2.143 (2)/k] found in compounds of 
this family. The best equational plane is defined by 
the atoms N(1), N(2i), O(1) and 0(2) [largest devia- 
tion from the mean plane is 0.031 (2)A for 0(2)]. 
The Zn atom is 0.013 (1)3, out of this plane. Sig- 
nificant deviations from the idealized orthogonal 
geometry were found at the Zn atom in the five- 
membered Zn(1)---N(1)--C(4)---C(4i)--N(2 i) chelate 
ring [bite angle 75.3 (1)°]. The Zn(1)...Zn(1 i) separa- 
tion through bpm is 5.848 (1)A. These values com- 
pare well with the those reported for the iron(II) 
complex [74.9 (1) ° and 5.836 (1)A], but they differ 
from those of the nickel(II) compound [78.5 (1) ° and 
5.660 (1) A]. 

j 

0(4) 

Fig. 1. View of the [Zn2(/~-bpm)(H20)s](SO4)E.2H20 complex, 
with the atom-numbering scheme. Displacement ellipsoids are 
drawn at the 30% probability level. All H atoms are drawn with 
uniform isotropic displacement parameters. 

z .  L 

~ : ~  s . ~ ~  o ~ _  .-~ / ~ ~ . . . .  ~ - ~  
,~  / ~  z ~. • 

Fig. 2. View of the crystal packing of the complex along the c axis, 
showing some hydrogen bonds. 
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The C m C  and C - - N  bonds are in the same range 
as those observed for uncoordinated (Fernholt, 
Romming & Samdal, 1981), chelating (De Murmo et 
al., 1990; Morgan et al., 1992; De Munno, Julve, 
Verdaguer & Bruno, 1993) and bis-chelating bpm 
(De Murmo et al., 1984; Julve et al., 1988; Julve et 
al., 1993). The pyrimidine rings of bpm are planar 
[maximum deviation from the mean plane of 
0.013 (2) A at C(4)] and the bpm ligand as a whole is 
also planar. The Zn(1) atom is 0.042 (1) A out of the z~(1) 
bpm plane towards 0(3). The dihedral angle between s(1) 
bpm and the equatorial plane of N(1), N(2i), O(1) o(1) 0(2) 
and 0(2) is 4.8 (1) °. 0(3) 

The dinuclear entities are held together by means 0(4) 0(5) 
of hydrogen bonds involving water molecules and 0(6) 
sulfate anions (see Table 3). Some of these hydrogen 0(7) 
bonds (corresponding to the first and last three of 0(8) 0(9) 
Table 3) are depicted in Fig. 2, where it may be seen N(I) 
that each sulfate group contributes with all four of c(1) 

C(2) 
its O atoms, c(3) 

N(2) 
C(4) 

Experimental 

Colourless crystals were obtained by evaporation of an aqueous 
solution of a mixture of bpm and zine(l]) sulfate heptahydrate 
in a 2:1 molar ratio. 

Crystal data 
[Zn2(CsHrN4)(H20)8]- Dx = 1.952 Mg m -3 

(SO4)2 .2H20 Mo Ka radiation 
Mr = 661.2 X = 0.71073 A 
Monoclinic Cell parameters from 25 
P21/ c reflections 
a = 8 .128 (1) ./k 0 = 7 . 5 - 1 5  ° 
b = 11.818 (2) A # = 2 .45 m m  -1  
c = 11.719 (2) ./k T = 298  K 
/3 = 91.89 (1) o Polyhedral 
V = 1125.1 ( 3 ) A  3 0.39 x 0.28 × 0.22 mm 
Z = 2 Colourless  

Data collection 

Siemens  R/3mV four-circle 
diffractometer 

o.,-20 scans  
Absorption correction: 

empirical  (~b scan) 
Train = 0 .337 ,  Tmax = 
0 .384  

2 9 4 2  measured reflections 
2 5 7 8  independent  reflections 
2217  observed reflections 

[I > 3cr(/)] 

Rint = 0.008 
0m~ = 27.5 ° 
h ffi 0--* 10 
k = 0 - *  15 
1 = - 1 5  --* 15 
2 standard reflections 

monitored every 150 
reflections 

intensity variation: 4-2% 

Refinement 

Refinement  on  F 
R = 0 . 0 2 8 0  
wR -- 0 .0296  

( A / o - ) , ~  = 0.033 
= 0.35 e A -3 

Apmi, = -0.92 e A -3 

S = 1.059 Atomic scattering factors 
2217 reflections from International Tables 
184 parameters for X-ray Crystallography 
w = l/[~r2(F) + 0.0010F 2] (1974, Vol. IV) 

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

Ueq = (1/3)Ei~jUua'{ af ai.a/. 

x y z u~  
0.18638 (3) 0.10734 (2) 0.18822 (2) 0.020 (1) 
0.72870 (6) 0.28374 (4) --0.02002 (4) 0.020 (1) 
0.4229 (2) 0.1778 (2) 0.2122 (1) 0.029 (1) 
0.1145 (2) 0.1405 (2) 0.3502 (1) 0.036 (1) 
0.1101 (2) 0.2724 (2) 0.1450 (2) 0.032 (1) 
0.2741 (2) --0.0563 (1) 0.2405 (1) 0.027 (1) 
0.8392 (2) 0.2286 (1) --0.1005 (2) 0.032 (1) 
0.6051 (2) 0.3554 (2) --0.0827 (2) 0.039 (1) 
0.8275 (2) 0.3614 (2) 0.0546 (2) 0.032 (1) 
0.6475 (2) 0.1963 (2) 0.0467 (2) 0.036 (1) 
0.3231 (2) 0.4086 (2) 0.0308 (2) 0.035 (1) 
0.2033 (2) 0.0613 (2) 0.0073 (1) 0.020 (1) 
0.3269 (3) 0.0806 (2) --0.0628 (2) 0.026 (1) 
0.3176 (3) 0.0472 (2) --0.1749 (2) 0.027 (1) 
0.1767 (3) --0.0089 (2) --0.2121 (2) 0.026 (1) 
0.0519 (2) --0.0283 (2) --0.1431 (1) 0.020 (1) 
0.0706 (2) 0.0092 (2) -0.0374 (2) 0.018 (1) 

Table 2. Selected geometric parameters (A, o) 
Zn(1)--O(1) 2.105 (2) Zn(1)--O(2) 
Zn(1)--O(3) 2.104(2) Zn(1)--O(4) 
Zn(1)--N(1) 2.197 (2) Zn(1)--N(2 t) 
N(1)--C(1) 1.338 (3) N(1)--C(4) 
C(1)--C(2) 1.371 (3) C(2)--C(3) 
C(3)--N(2) 1.337 (3) N(2)--C(4) 
C(4)--C(4') 1.482 (4) S(1)--O(5) 
S(1)--O(6) 1.489 (2) S(1)--O(7) 
S(I)--O(8) 1.466 (2) 
O(1)--Zn(1)--O(2) 95.0 (1) O(1)--Zn(1)--N(2 i) 
O(1)--Zn(1)--N(1) 98.1 (1) O(l)--Zn(1)--O(3) 
O(l)--Zn(l)--O(4) 91.5 (1) O(2)--Zn(1)--N(2') 
O(2)--Zn(1)--N(1) 166.7 (1) O(2)--Zn(1)--O(3.) 
O(2)--Zn(1)--O(4) 90.6 (1) N(I)--Zn(1)--N(2~.) 
O(3)--Zn(1)--N(2*) 94.9 (1) O(4)--Zn(1)--N(2 a) 
O(3)--Zn(1)--N(I) 91.4 (1) O(4)--Zn(1)--N(1) 
O(3)--Zn(1)--O(4) 176.4 (1) Zn(I)--N(1)--C(1) 
Zn(1)--N(1)--C(4) 114.7 (1) C(1)--N(1)--C(4) 
N(1)--C(1)--C(2) 121.4 (2) C(1)--C(2)--C(3) 
C(2)--C(3)--N(2). 121.9 (2) C(3)--N(2)--C(4) 
C(3)--N(2)--Zn(P) 127.4 (1) C(4)--N(2)--Zn(P) 
N(I)--C(4)--N(2) 126.1 (2) N(1)--C(4)--C(4 ~) 
N(2)--C(4)--C(4 ~) 116.0 (2) 0(5)--S(1)--O(6) 
O(5)--S(1)--O(7) 108.7 (1) 0(6)--S(1)--0(7) 
O(5)--S(1)--O(8) 108.9 (1) O(6)--S(1)--O(8) 
O(7)--S(1)--O(8) 111.5 (1) 

2.042 (2) 
2.143 (2) 
2.199(2) 
1.335 (3) 
1.382 (3) 
1.320 (2) 
1.475 (2) 
1.485 (2) 

173.3 (1) 
85.7 (1) 
91.6 (1) 
87.4 (1) 
75.3 (1) 
88.1 (1) 
91.2 (1) 

128.5 (1) 
116.8(2) 
117.3 (2) 
116.4 (2) 
116.2 (1) 
117.8 (2) 
110.5 (1) 
106.4 (1) 
110.8 (I) 

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

Table 3. Hydrogen-bonding geometry (A, o) 
D H A D--H H.--A D . . .A  D--H. . . ,4  

O(1) H(lw) 0(8) 0.95 (2) 1.78 (2) 2.71 (1) 173 (3) 
0(3) H(5w) 0(9) 0.95 (2) 1.81 (2) 2.74 (1) 172 (2) 
0(9) H(9w) 0(6) 0.95 (2) 1.82 (2) 2.76 (1) 171 (2) 
0(2) H(4w) 0(~) 0.95 (2) 1.79 (2) 2.73 (1) 175 (2) 
O(1) H(2w) 0(6'.) 0.95 (2) 1.87 (2) 2.81 (1) 175 (2) 
0(2) H(3w) 0(5".) 0.94 (2) 1.89 (2) 2.80 (1) 160 (2) 
0(4) H(7w) O(7 m) 0.95 (2) 1.80 (2) 2.74 (1) 173 (3) 
0(3) H(6w) 0(7 h') 0.94 (2) 1.82 (2) 2.71 (1) 156 (2) 
0(4) H(Sw) 0(5") 0.95 (2) 1.82 (2) 2.75 (1) 166 (3) 
0(9) H(10w) 0(6 w) 0.93 (2) 2.00 (2) 2.91 (1) 164 (2) 

1 | + Z ;  Symmetry codes: (i) x, ½ - y, ½ + z; (ii) x - 1, ~ - y, 
I 1 z;  ( i v )  x - 1 , y , z ;  ( v )  1 - x , - y , - z ;  (iii) 1 - x ,y  2 ,2  

(vi) 1 - x, 1 - y, - z .  
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Lorentz and polarization corrections were applied to the 
intensity data. The structure was solved by standard Patterson 
methods and subsequently completed by Fourier syntheses. All 
non-H atoms were refined anisotropically. The H atoms of the 
water molecules were located on a ZXF map and refined with 
constraints, while the H atoms of bpm were set in calculated po- 
sitions and refined as riding atoms. A common fixed isotropic 
parameter was assigned to all H atoms. Solution and refinement 
were performed with the SHELXTL-PIus system (Sheldrick, 
1990). The final geometrical calculations were carded out with 
the PARSTprogram (NardeUi, 1983). The graphical manipula- 
tions were performed using the XP utility of the SHELXTL-PIus 
system. 
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Abstract 
The yttrium(III) and lanthanum(Ill) complexes of 
9,14-dioxo- 1,4,7,10,13-pentaaza- 1,4,7-cyclopentade- 
canetriacetic acid, namely, diaquabis(9,14-dioxo- 
O14:O 9-1,4,7,10,13-pentaaza-N ~,N4:N 7-1,4,7-cyclo- 
pentadecanetriacetato-O~,O4: O7)diyttrium(III) tetra- 
decahyd ra t e  [YE(CI6HE4NsOs)E(HEO)E].14H20 , and 
diaquabis(9,14-dioxo-O~4:09.1,4,7,10,13-pentaaza- 
N~,Na:N7-1,4,7-cyclopentadecanetriacetato-O',04:- 
O7)dilanthanum(III) tetradecahydrate, [La2(C~6- 
H24N508)2(H20)2]. 14H20, have a binuclear structure 
in which two metal ions are located between two 
macrocycles. The coordination geometry around 
each metal ion is distorted tricapped trigonal pris- 
matic. The geometrical properties are defined by the 
inflexible conformation of the macrocycle and the 
strong coordination of the O atoms. 

Comment 

The  15-membered  macrocyc le  wi th  three  p e n d a n t  
c a r b o x y m e t h y l  g roups  9,14-dioxo-  1,4,7,10,13-penta- 
aza - l ,4 ,7 -cyc lopen tadecane t r i ace t i c  acid,  abbrev ia ted  
as (15-dten)H3, fo rms  a nove l  b inuc lea r  gado l in ium-  
( I l l )  complex ,  [Gd2(15-dten)2(H20)2], in which  two 
Gd IH ions are located between two macrocycles 
(Inoue, Inoue, Mufioz, Bruck & Fernando, 1993). 
This finding prompted us to study the structures of 
the complexes (I) of other rare earth elements with a 

t Current address: Department of Chemistry, University of 
Arizona, Tucson, Arizona 85721, USA. 
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