
2 4 8 2  [ M g ( C 5  H2 N2 O4)  (H2 0 ) 4  ]. H 2 0  

Refinement 

Ref inement  on F z 
R[F 2 > 2tr(FZ)] = 0.0328 
wR(F z) = 0.0859 
S = 1.060 
2143 reflections 
203 parameters  
H a toms refined freely with 

isotropic d i sp lacement  
parameters  

w = 1/[o-2(F 2) + (0.0434P) 2 
+ 0.2995P] 

where  P = (Fo z + 2F~)/3 
(/X/~)ma~ = 0.OO9 

Apmax = 0.388 e ~ - 3  
Apmin = - 0 . 2 4 5  e A -3 
Ext inct ion correction: 

SHELXL93 (Sheldrick,  
1993) 

Ext inct ion coefficient: 
0.121 (8) 

Atomic  scattering factors 
f rom International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2 ) 

Ueq = (1/3)EiEjUoa~ aTai.a). 
x y z 

Mgl 0.24658 (7) 0.35082 (6) 0.67661 (5) 
N1 0.2577 (2) 0.17876 (15)  0.86213 (12) 
C2 0.2485 (2) 0.2131 (2) 0.99113 (14) 
02 0.2426 (2) 0.35557 (13)  1.01891 (10) 
N3 0.2443 (2) 0.0843 (2) 1.09682 (12) 
C4 0.2482 (2) -0.0776 (2) 1.08229 (14) 
04 0.2372 (2) --0.18135 (13)  1.18663 (10) 
C5 0.2629 (2) --0.1110 (2) 0.94422 (14) 
C6 0.2636 (2) 0.0187 (2) 0.84334 (14) 
C7 0.2627 (2) -0.0032 (2) 0.69617 (14) 
05 0.2700(2) -0.14467(13) 0.66634(11) 
06 0.2517 (2) 0.12889 (13)  0.61315 (10) 
07 0.2571 (2) 0.53873 (15)  0.77327 (12) 
08 0.2454 (2) 0.4782 (2) 0.48673 (12) 
09 --0.0885 (2) 0.44763 (14)  0.74824 (11) 
O10 0.5826 (2) 0.26320 (13)  0.59877 (1 I) 
O1 0.1409 (2) 0.1414 (2) 0.37733 (13) 

T a b l e  2. Selected geometric parameters 
Mgl---O7 2.0128 (13) C2--N3 
Mg 1---O8 2.0327 (13) N3--C4 
Mg 1---O6 2.0393 (12) C4----O4 
Mgl---O9 2.1198(13) C4---C5 
Mgl---Ol0 2.1295 (13) C5---C6 
Mgl--NI 2.1663 (14) C6---C7 
N 1---C2 1.354 (2) C7---O5 
N 1---C6 1.361 (2) C7---O6 
C2--O2 1.247 (2) 

O7--Mg 1----O8 97.76 (6) O2----C2--N 1 
O7--Mg 1---O6 168.21 (5) O2---C2--N3 
O9--Mgl--Ol0 177.54 (4) N 1---C2--N3 
O7--MgI--NI 91.15 (5) C4---N3---C2 
O8--MgI--N 1 170.88 (5) O4---C4--N3 
O6---MgI--N 1 77.31 (5) O4---C4---C5 
O9--MgI--N 1 90.12 (6) N3--C4----C5 
O i 0---Mg I--N 1 92.20 (6) C6----C5----C4 
C2--N 1---C6 !!8.04(12) C5---C6--N 1 
C2--N 1--Mg 1 128.83 (9) 

Ueq 
0.0154 (2) 
0.0150 (3) 
0.0149 (3) 
0.0192 (2) 
0.0160 (3) 
0.0159 (3) 
0.0199 (2) 
0.0170 (3) 
0.0151 (3) 
0.0167 (3) 
0.0248 (3) 
0.0187 (2) 
0.0243 (3) 
0.0243 (3) 
0.0179 (2) 
0.0185 (2) 
0.0407 (4) 

o 

(A, ° ) 
1.385 (2) 
1.370 (2) 
1.249 (2) 
1.428 (2) 
1.358 (2) 
1.528 (2) 
1.243 (2) 
1.262 (2) 

122.90 (12) 
118.75 (12) 
118.35 (12) 
125.30 (12) 
119.46 (12) 
125.64(13) 
114.90 (12) 
118.40 (13) 
124.96(13) 

All  non-H a toms were  refined anisotropically.  H a toms were  
located f rom a difference Fourier  map  and refined isotropi- 
caUy. 

Data  collection: AFC-7S  software.  Cell refinement:  TEXSAN 
(Molecular  Structure Corporat ion,  1993). Data reduction:  
TEXSAN. Program(s)  used to solve structure: SHELXTLIPC 
(Sheldrick,  1990). Program(s)  used to refine structure: 
SHELXL93 (Sheldrick,  1993). Molecular  graphics:  SHELXTLI- 
PC. Software  used to prepare material  for publication: 
SHELXL93. 

© 1996 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: SK1023). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract  

T h e  s t r u c t u r e  o f  t he  t i t le  c o m p l e x ,  [ Z n ( C 4 H 6 N 2 ) 4 ] -  
(C104)2 ,  is c o m p r i s e d  o f  d i s c r e t e  [ Z n ( M e l m ) 4 ]  2÷ ( M e l m  
is N - m e t h y l i m i d a z o l e )  c a t i o n s  a n d  p e r c h l o r a t e  a n i o n s .  
T h e  Z n  a t o m  is c o o r d i n a t e d  by  f o u r  M e l m  l i g a n d s  
in  a d i s t o r t e d  t e t r a h e d r a l  a r r a n g e m e n t ,  w i t h  a Z n - - N  

d i s t a n c e  o f  1.991 (2) ,4,  a n d  N - - Z n ~ N  b o n d  a n g l e s  
r a n g i n g  f r o m  1 0 3 . 0 0  (14)  to  112 .80  (8)  °. 
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C o m m e n t  

Metal complexes of  imidazole and its derivatives are of  
current interest in the investigation of  model  complexes 
relevant to metal loenzymes,  since imidazole, a residue 
of  histiditine, is frequently found to ligate metal ions in 
the active centers of  metal loenzymes.  Only a limited 
number  of  zinc(H) imidazole complexes have been 
structurally characterized (Chen, Xu & Huang,  1994; 
Kimura,  Kurogi,  Shionoya & Shira, 1991). In the 
course of  our systematic study of  metal complexes of  
imidazole-like ligands, we isolated the title complex, 
[Zn(MeIm)4](CIO4)2 (MeIm is N-methylimidazole) ,  (I), 
and report herein its preparation and structure. 

Me 
/ 

f 
Zn .. 

,-----N t .... "N~----~ 
l i t  1 / - \  
",,,..// N ~ N ~ M e  

Me/ 

- - ' 2 +  

.2cio~- 

(19 

The crystal structure of  (I) consists of  monomeric  
[Zn0VIelm)4] 2+ cations and perchlorate anions. The Zn iI 
atom is located at a 4 site, being coordinated by 
four MeIm ligands symmetrical ly related by the 
axis, resulting in a distorted tetrahedral coordination 
environment (Fig. 1). The Z n - - N  bonds are hence 
of  an identical length [1.991 (2),4,] and the N - - Z n - -  
N bond angles range f rom 103.00(14) to 112.80(8) °. 
The ZnpNMelm bond lengths are comparable to the 

f y  
C 2 ~  ~ I c  V-/d~ 

Fig. 1. ORTEP (Johnson, 1965) plot (30% probability) of the 
[Zn(Melm)4] 2÷ cation. H atoms and the disordered CIO~ anion 
have been omitted for clarity. [Symmetry codes: (a) 2 -  x, -y,  z; 
(b) l+y,  l - x, - l  + z; (c) l - y , - l + x , - l + z . l  

Zn--NHim (Him is imidazole) bond lengths found in 
tetrahedrally-coordinated zinc(II) complexes such as 
[Zn(Him)2(MeCO2)2] [1.996 (2) and 2.003 (3),4,; Chen, 
Xu & Huang,  1994] and [Zn(Him)2(C104)2] (1.999,&; 
Bear, Duggan & Freeman,  1975). 

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

An aqueous solution (2ml) of Zn(C104)2.6H20 (0.29g, 
1.0 mmol) was added to an aqueous ethanolic solution (8 ml, 
80%) of MeIm (0.51 g, 3.0 mmol). The mixture was heated 
at 333 K and stirred for 20 rain. The resulting solution was 
allowed to stand in air whereupon colorless crystals of the title 
complex deposited after two weeks. 

Crystal data 

[Zn(C4I-I6N2)4](C104)2 Mo Ka radiation 
Mr = 592.70 A = 0.71069,4, 
T_etragonal Cell parameters from 25 
142d reflections 
a = 18.616(3) ,4, 0 = 8-13 ° 
c = 7.4480 (10) ,~, # = 1.214 mm-i  
V = 2581.1 (7) ,~3 T = 293 (2) K 
Z = 4 Polyhedral 
Dx = 1.525 Mg m -3 0.36 x 0.30 x 0.26 mm 
Dm not measured Colorless 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

03 SCanS 
Absorption correction: 

semi-empirical (NRCVAX; 
Gabe, Le Page, Charland, 
Lee & White, 1989) 
Tmin = 0.6327, Tmax = 
0.9956 

2752 measured reflections 
727 independent reflections 

Refinement 

Refinement on F 2 
R(F) = 0.0534 
wR(F 2) = 0.1454 
S = 1.153 
726 reflections 
98 parameters 
w = 1/[cr2(F 2) + (0.0999P) 2 

+ 0.3587/] 
where P = (Fo 2 + 2F~2)/3 

(A/tr)max = 0.161 

639 observed reflections 
[1 > 2cr(t)] 

Rim = 0.0501 
0max = 25.94 ° 
h = - 2 2  ~ 22 
k = - 2 2  ~ 22 
l -  - 9 4 9  
3 standard reflections 

monitored every 150 
reflections 

intensity decay: 0.020% 

Apmax = 0.439 e ,&-3 
Apmin = --0.300 e A -3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for  Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Absolute configuration: 
Flack (1983) 

Flack parameter = 0.38 (7) 

Table 1. Fract ional  a tomic  coordinates  a n d  equivalent  
isotropic d i sp lacemen t  parame te r s  (,~ 2 ) 

U~ = (1/3)E,~)Uoa , a]ai.a). 

x Y z Ueq 
Zn I 0 - i/2 0.04588 (13) 
NI 0.93166 (12) -0.04833 (13) -0.3336 (3) 0.0499 (6) 
N2 0.88163 (14) --0.13187 (14) --0.1720 (4) 0.0600 (7) 
CI 0.8880 (2) -0.0170 (2) -0.2116 (4) 0.0712 (10) 



2 4 8 4  [Zn(C4H6N2)4]  (CIO4)2 

C3 0.92743 (15) -0.1177 (2) -0.3050 (4) 0.0548 (8) 
C2 0.8559 (2) -0.0669 (2) -0.  I 117 (5) 0.0669 (9) 
C4 0.8611 (2) -0.2041 (2) -0.1057 (8) 0.0997 (14) 
C! 3/4 -0.  ! 0848 (7) 3/8 0.0772 (4) 
O1]- 0.8299 (2) -0.1163 (3) 0.3293 (8) 0.105 (2) 
02]- 0.7447 (2) -0.0404 (2) 0.4333 (8) 0.145 (3) 
03]- 0.7161 (3) -0.1317 (4) 0.2318 (7) 0.188 (4) 
04]- 0.7480 (4) -0.1570 (3) 0.5207 (6) 0.126 (2) 

t Site-occupancy factor of 0.50. 

Table 2. Selected geometric parameters (~t, o) 
Zn--N ! 1.991 (2) N2---C2 1.376 (4) 
NI---C3 1.311 (4) N2---C4 1.483 (5) 
NI--CI 1.352 (4) C1--C2 1.332 (5) 
N2---C3 1.333 (4) 

Nli--Zn--NI ii 112.80 (8) C3--N2--C4 126.3 (3) 
Nli--Zn--NI 103.00 (14) C2--N2---C4 126.8 (3) 
C3--NI--C! 106.3 (3) C2--CI--NI I10.1 (3) 
C3--NI--Zn 125.8 (2) NI--C3--N2 110.7 (3) 
C1--N 1--Zn 127.4 (2) C1---C2--N2 106.0 (3) 
C3--N2---C2 106.9 (3) 

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

The O atoms of  the twofold disordered perchlorate anion were 
subjected to geometrical  restraints with si te-occupancy factors 
of  0.50. H atoms were  placed at calculated positions riding on 
their carrier atoms. 

Data collection: SDP (Frenz, 1978). Cell refinement: 
SDP. Data reduction: NRCVAX (Gabe, Le Page, Charland, 
Lee  & White,  1989). Program(s)  used to solve structure: 
SHELXS86 (Sheldrick, 1990). Program(s)  used to refine 
structure: SHELXL93 (Sheldrick, 1993). Molecular  graphics: 
ORTEP (Johnson, 1965). Software used to prepare material 
for  publication: SHELXL93. 

This work was supported by NFSC and the State 
Education Commission of China. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: SKI031). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 
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Abstract 
The title compound, bis[di(carbonyl-C)075-methoxy - 
carbonylcyclopentadienyl)(trimethylphosphite-P)molyb- 
denum](Mo--Mo), [Mo(r/-C7H702)(C3H9PO3)(CO)212, 
belongs to a type of dinuclear molybdenum complex 
with an Mo---Mo single-bond length of 3.230 (4) A. The 
molecule has Ci symmetry, with two asymmetric units 
which are connected through the Mo--Mo bond. 

Comment 
The chemistry of molybdenum-cyclopentadienyl-car- 
bonyl complexes with metal-metal multiple bonds is of 
interest due to their rich reactivities. It has been found 
that the unsubstituted and methyl-substituted cyclo- 
pentadienyl--dicarbonylmolybdenum complexes [C5Rs- 
(CO)2Mo]2 (R = H or Me) differ markedly in 
their behaviour when reacted with trimethylphosphite, 
P(OMe)3 (Curtis & Klingler, 1978; Riess, Klement & 
Wachter, 1985). We report here the crystal structure of 
the title compound, (I), which is the product of the reac- 
tion of methoxycarbonyl-substituted cyclopentadienyl- 
dicarbonylmolybdenum dimer and trimethylphosphite. 
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An ORTEPII (Johnson, 1976) diagram of the structure 
of the title compound is shown in Fig. 1. The structure 
consists of two asymmetric units, with each asymmetric 
unit having the formula (MeO2CCp)[P(OMe)3](CO)2Mo 
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