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A b s t r a c t  

The title structure, tetraethylammonium tetrakis(isothio- 
cyanato)(2,2'-bipyrimidine-N,N')chromium(III), [(C2Hs)4- 
N][Cr(NCS)4(C8H6N4)], consists of discrete [Cr(NCS)4- 
(bipym)]- and [(C2H5)4N] + ions. The Cr  ~+ ion lies on a 
mirror plane and has a regular octahedral coordination 
polyhedron. The bipym group is planar, with unexcep- 
tional bond distances and angles. 

C o m m e n t  

2,2'-Bipyrimidine (bipym) is a versatile ligand able to 
coordinate in a bidentate mode or in a bis(bidentate) 
bridging mode to yield mono- or polynuclear complexes 
(De Munno & Julve, 1996). Structural data for bipym- 
containing complexes of first-row transition metal ions 
are essentially limited to the 2+ oxidation state and 
mainly concern, for their intrinsic magnetic properties, 
copper (Julve et al., 1993; Decurtins et al., 1996) and 
manganese derivatives (De Munno et al., 1996; Cortes 
et al., 1996; Hong et al., 1996). The present work 
concerns a bipyrimidine complex with a paramagnetic 
Cr m cation, (I). As far as we know, the structural data 

presented here are the first example of an Mm-bipym 
system. 

sen I , N c s |  
" Cr" 
/ : \  
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The structure consists of discrete units of [Cr(NCS)4- 
(bipym)]- (Fig. 1) and [(C2Hs)nN] + ions. In the an- 
ionic complex, the metal coordination geometry can be 
described as octahedral, bisected by the space-group 
mirror plane through the metal center and two of the 
NCS- groups. The geometry is regular, the main de- 
parture being the small N1---Cr--N1 angle [78.5 (2) °] 
constrained by the bidentate character of the bipym lig- 
and. The two heterocycles in the bipym moiety are 
planar within experimental error [maximum deviation: 
0.006 (4) ,~, for C3] and so is the resulting bicyclic 

l ligand [rotation around the C4---C4(x, ~ - y ,  z) bond 
being 0.30(15)°]. The four Cr--N(CS) bonds average 
1.986 (5)A and are slightly shorter than Cr--N(bipym) 
bonds [2.072 (3) A]. The isolated counterion, also bi- 
sected by the mirror plane, is unusually well behaved, 
with reasonable displacement parameters, and bonds and 
angles within normal ranges. The packing of the struc- 
ture viewed along the monoclinic axis, shows 'cationic' 
and 'anionic' planes which are clearly seen evolving 
perpendicular to the c axis, at c = 0.0 and c = 0.5, 
respectively. A few long non-bonding contacts con-  
necting both types of planes [C31--H31A...N2(x, y, 
1 +z) 2.544(4) and C 3 - - H 3 A . . . S 1 C ( - x ,  l - y ,  l - z )  
2.942 (4) A], stabilize the crystal structure. 

~ SIB 

~ C1B 

' ~ : : ~ ' ~ r C r  ",~2~ N 1A 

Fig. 1. View of the Cr coordination sphere, showing the labeling 
scheme used. Displacement ellipsoids are shown at the 50% 
probability level. 
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Fig. 2. Packing diagram viewed along the b axis showing positively 
and negatively charged planes building up perpendicular to the c 
axis. 

Experimental 

2,2'-Bipyrimidine (bipym) (0.316 g, 2 mmol)  and [(C2Hs)4N]3- 
[Cr(NCS)6] (1.582 g, 2 mmol)  were dissolved in acetonitrile 
(20 ml). The resulting solution was then refluxed with con- 
tinuous stirring for 12 h. Slow evaporation of this solution 
resulted in red cubic single crystals of  the title compound.  
Analysis calculated (%): C 41.9, H 4.6, N 22.0, S 22.4, Cr 
9.1. Found (%): C 42.2, H 4.6, N 22.0, S 21.5, Cr 8.2. 

Crystal data 

(C8HzoN)[Cr(NCS)a- 
(C8H6N4)] 

Mr = 572.74 
Monoclinic 
PZl/m 
a = 8.870 (2) .~ 
b = 11.956 (3) 
c = 13.699 (3) ,~, 
/3 = 103.48 (2) ° 
V = 1412.7 (5) k s 
Z = 2  
Dx = 1.346 Mg m -3 
Dm not measured 

Data collection 
Siemens R3m diffractometer 
0120 scans 
Absorption correction: 

"g, scan (XEMP in 
SHELXTLIPC; Sheldrick, 
19911 
Tmin = 0 . 8 0 ,  ]'max = 0.95 

2571 measured reflections 
2425 independent reflections 

Mo Koe radiation 
)~ = 0.71073 ,~ 
Cell parameters from 25 

reflections 
0 = 7.5-12.5 ° 
# = 0.726 m m -  
T = 293 (2) K 
Prism 
0.30 × 0.10 × 0.10 mm 
Deep red 

1680 reflections with 
I > 2o(/)  

Rint = 0.021 
0max = 25.05 ° 
h = 0 ---~ 10 
k = 0 ---, 14 
l =  - 1 1  ~ 15 
2 standard reflections 

every 98 reflections 
intensity decay: < 1% 

Refinement 

Refinement on F 2 
R(F) = 0.046 
wR(F 2) = 0.147 
S = 0.982 
2423 reflections 
172 parameters 
H atoms: see below 
w = l/[o.2(F}) + (0.0545P) 2 

+ 0.9949P] 
where P = (F,~ + 2F,?)/3 

(A/o.)ma× < 0.001 
Aprnax = 0.325 e / ~ - 3  
Apmin  = - 0 . 2 4 7  e ~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

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

tJ * a *  Ueq = (1/3)EiEju a, j a,.aj. 

x y Z Ueq 
Cr 0.37350 (9) I/4 0.59242 (6) 0.0488 (3) 
SIA 0.6472 (2) 0.53457 (13) 0.79989 (10) 0.1050 (5) 
SIB 0.7324 (2) 1/4 0.38451 (12) 0.0735 (5) 
SIC 0.0028(2) 1/4 0.79165(141 0.0816(51 
N I A 0.4857 (4) 0.3717 (31 0.6777 (2) 0.0656 (9) 
N IB 0.5259 (5) I/4 0.5066 (4) 0.0586 (121 
NIC 0.2075 (5) 1/4 0.6686 (3) 0.0612 (12) 
N -0 .2602 (5) 1/4 1.0582 (3) 0.0538 (111 
C I A 0.5518 (4) 0.4389 (4) 0.7279 (3) 0.0579 (I 0) 
C 1B 0.6082 (6) I/4 0.4546 (4) 0.0490 (12) 
C 1C 0.1252 (6) I/4 0.7205 (4) 0.0492 ( 13 ) 
CI I -0 .1222 (7) 1/4 1.0113 (5) 0.085 (2) 
CI2 0.0354 (7) 1/4 1.0839 (5) 0.118 (3) 
C31 -0.2593 (5) 0.3505 (4) 1.1266 (3) (I.0717 (121 
C32 -0 .2529 (7) 0.4634 (4) 1.0786 14) 0.127 (21 
C21 -0 .4028 (7) 1/4 0.9713 (4) 0.068 (2) 
C22 -0 .5574 (7) I/4 1.0003 (5) 0.085 (2) 
N1 0.2407 (3) 0.3598 (2) 0.4902 (2) 0.0466 (7) 
CI 0.2435 (4) 0.4717 (3) 0.4931 (3) 0.0604 (101 
C2 0.1535 (5) 0.5339 (3) 0.4176 (3) 0.0705 ( 121 
C3 0.0617 (5) 0.4778 (3) 0.3392 (3) 0.0683 ( 11 ) 
N2 0.0552 (3) 0.3659 (3) 0.3341 (2) 0.0561 (8) 
C4 0.1455 (4) 0.3122 (3) 0.4099 (2) 0.0441 (8) 

Table  2. Selected bond lengths (A, o) 
Cr- -N IA 1.982 (3) N---C31 1.523 (5) 
C r - -NIB  1.988(5) C 1 1 ~ 1 2  1.515(81 
Cr- -N IC 1.993 (5,) C3 I - -C32 1.508 (6) 
Cr--N1 2.074 (3) C21~C22 1.513 (8) 
S1A--C1A 1.615 (4) N1--CI  1.339 (5) 
SI B---C1B 1.621 (6) N I ~ C 4  1.346(4) 
S I C-----C I C 1.619(61 C I---C2 1.369(5) 
N1A---C1A 1.129 (5) C2---C3 1.363 (5) 
NIB---CIB 1.132 (6) C3--N2 1.340 (5) 
N IC---CI C 1.132 (6) N2---C4 1.321 (4) 
N---C I I 1.510 (7) C 4 ~ 4 '  1.488 (7) 
N ~ 2 1  1.522 (6) 

Symmetry code: (i) x, ½ - y, z. 

The data were collected using a variable scan speed of  4 .19-  
29.3 ° min - t  . The structure was solved through a combination 
of  direct methods and difference Fourier synthesis. Refinement 
was performed with SHELXL93 (Sheldrick, 1993) on F 2, using 
the whole data set. H atoms were positioned geometrically, 
riding both in position as well as in thermal displacement 
parameter. The final difference Fourier appeared featureless. 

Data collection: P3/P4-PC Diffractometer Program (Sie- 
mens, 1991). Cell refinement: P3/P4-PC Diffractometer 
Program. Data reduction: XDISK in SHELXTLIPC (Shel- 
drick, 1991). Program(s) used to solve structure: XS in 
SHELXTL/PC. Molecular graphics: XP in SHELXTLIPC. Soft- 
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ware used to prepare material for publication: CIFTAB in 
SHELXL93 and PARST (Nardelli, 1983). 

The authors would like to thank the Fundaci6n Andes 
for the purchase of the single crystal diffractometer 
currently operating at the Universidad de Chile. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BS1039). Services for accessing these 
data are described at the back of the journal. 

have been structurally characterized as solvates, (1) as 
its bis(diethyl ether) solvate and (2) as its 3.5-pyridine 
solvate. Both (1) and (2) contain octahedrally coordi- 
nated metals but with the nitrogen donor ligands in a 
mer arrangement in (1) and a fac  arrangement in (2). 
Stabilization by intramolecular C H . . . O  and CH.. .C1 
interactions is evident, and, together with steric con- 
siderations, is likely to promote the observed config- 
urations. Compound (1) shows an interesting packing 
arrangement of infinite planar sheets held together by 
short C1---C1 contacts. 
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Abstract 
Two mononuclear tetrachlorocatecholate complexes, 
chlorotri (pyridine - N) [ 3,4, 5,6 - tetrachloro - 1,2 - benzene - 
diolato(2-)-O,Ot]indium, [InCl(1,2-O2C6C14)(py)3], (1), 
and chloro( 1,10-phenanthroline-N, N')(pyridine-N)[3,4,- 
5,6- tetrachloro - 1,2- benzenediolato ( 2 - ) - O, O' ] gallium, 
[GaCl(1,2-O2C6Cln)(py)(phen)], (2) (py is pyridine, 
CsHsN, and phen is 1,10-phenanthroline, CI2H8N2), 

Comment 

The compounds [InCI(py)3(1,2-O2C6CI4)].2Et20 and 
[GaCl(py)(phen)(1,2-O2C6Cln)].3.5py were obtained 
as minor crystalline products from reactions carried 
out in order to synthesize MII-MU dimer species 
[M2(O2C6Cln)2(phen)2] (M - Ga or In) by procedures 
related to those of Tuck and co-workers (Annan & Tuck, 
1989). 

0 Cl 

CI/10,,, ..,,,,.~¢,~ 0 , ~ i ~ . ~  CI 

(1) 

CI CI 

~t~,INIl! ..... I , t x , ~ , x ' l O ~  Cl 

II ?i I 
e l  

(2) 

N N 

x4--11-. ~ , ~ , x ,  o / ~  ~ x l  --MII.---M II~ O [] -l--X4 

N N 
k . J  

Compound (1) (Fig. 1) crystallizes as a 1:2 Et20 sol- 
vate in the orthorhombic space group Pnma with the 
catecholate, chloride and one pyridine lying on a mirror 
plane, and exhibits an octahedral coordination about the 
indium centre [ N I - - I n l - - N 1  i 173.7(2)°]. The struc- 
tural data are consistent with the complex being an 
indium(Ill) catecholate species since the In---O bond 

© 1997 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Crystallographica Section C 
ISSN 0108-2701 © 1997 


