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Table 3. Selected torsion angles (o) in A-cis-fl-(SS)- 
[Rh {(2S,5R,9S)-Me3trien }C12]CI.H20 

RhN(I)C(I)C(3) -32.5 (8) N(2)RhN(I)C(I) 6.0 (5) 
N(1)C(I)C(3)N(2) 52.2 (9) RhN(1)C(I)C(2) 23.3 (6) 
C(I)C(3)N(2)Rh -45.5 (8) N(2)C(3)C(1)C(2) -4.4 (7) 
C(3)N(2)RhN(I) 21.0 (5) N(2)C(3)C(I)H(3) -67.5 (I I) 
RhN(2)C(4)C(6) 21.4 (8) N(3)RhN(2)C(4) -33.4 (5) 
N(2)C(4)C(6)N(3) 9.7 (9) RhN(2)C(4)C(5) -34.8 (6) 
C(4)C(6)N(3)Rh -34.9 (8) N(3)C(6)C(4)C(5) 67.3 (8) 
C(6)N(3)RhN(2) 37.4 (5) N(3)C(6)C(4)H(10) 51.1 (10) 
RhN(3)C(7)C(8) -35.7 (7) N(4)RhN(3)C(7) 8.2 (5) 
N(3)C(7)C(8)N(4) 54-2 (8) RhN(4)C(8)C(9) 13.2 (5) 
C(7)C(8)N(4)Rh -45-9 (7) N(3)C(7)C(8)C(9) -4.1 (7) 
C(8)N(4)RhN(3) 20.8 (5) N(3)C(7)C(8)H(19) -65-7 (12) 
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Abstract .  [NH413[Mo204(CHO2)5] , M r -- 535.08, 
orthorhombic, Pnma, a = 7.566 (3), b = 17.958 (6), 
c=11.816(4)A, v=1605(1)A 3, z=4 ,  Dx= 
2.19 gcm -3, 2(Mo K0t) = 0.71069 A, ~ = 15.84 cm -l, 
F(000) = 1056, T =  293 K, R =0 .026  for 1846 ob- 
served reflections. The structure consists of NH4 + 
cations and binuclear [Mo2Oa(HCOO)5 ]3- anions with 
crystallographically imposed mirror-plane symmetry. 
The octahedrally coordinated Mo atoms are bridged by 
two oxo O and one formato ligand. The M o - O  bond 
lengths are 1.695 (2) A (from the terminal oxo O 
atom), 1.934 (2) and 1.935 (2)A (from the bridging 
oxo O atoms), 2.302 (2)A (from the bridging formato 
ligand), and 2.085 (2) and 2.130(2)/I, (from the 
monodentately linked formato ligands). The Mo.. .Mo 
distance is 2.549 (1) A. 

* To whom correspondence should be addressed. 
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Introduct ion.  Mo v has a distinct tendency to form 
dimeric species usually bridged by one or two oxo O 
atoms (Soivack & Dori, 1975; Kamenar & Penavi/:, 
1977). However, there are structures in which two Mo 
atoms are triply bridged by an additional alkoxo or 
carboxylato bridging ligand (G|owiak, Sabat, Sabat & 
Rudolf, 1975; Gtowiak, Rudolf, Sabat & Je~owska- 
Trzebiatowska, 1977; Kamenar, Penavi6 & Markovi6, 
1984). We report here the structure of such a dimeric 
complex anion in which a triple bridge between two Mo 
atoms is realized by two oxo O atoms and supple- 
mented by the bidentate formato ligand. 

Experimental .  The red crystals of the title complex were 
prepared as described by Rosenheim & Nernst (1933). 
A prism-like crystal (0.35 × 0.38 × 0.19 mm) was 
chosen for data collection on a Philips PWII00 
automatic diffractometer using graphite-monochroma- 
tized Mo K~t radiation. Cell parameters and standard 

© 1987 International Union of Crystallography 



2276 [ N H 4 1 3 [ M o 2 0 4 ( C H O 2 ) 5 ]  

deviations from 20 reflections (9 < 2 0 <  16°). The 
intensities of 1977 unique reflections (20 < 64 °, o9--20 
scan, range of hkl 0 < h < 10, 0 < k < 25, 0 _< l < 16, 
scan rate 0.04°s -~, scan width 1.60 °) were corrected 
for Lorentz and polarization effects. 131 reflections 
with I <_ 3tr(I) were considered unobserved. Intensities 
of three standard reflections (302, 230, 024) each 
measured every 2 h showed no significant crystal 
decomposition. The Mo-atom position was derived 
from a Patterson synthesis, all non-H atoms from a 
subsequent electron density summation using scat- 
tering factors including anomalous terms from Inter- 
national Tables for X-ray Crystallography (1974). 
Full-matrix least squares of positional and anisotropic 
thermal parameters for non-H atoms based on the F 
magnitudes gave a final R = 0.026, wR = 0.032 [w 
=0.2953/(e21Fl + 0.003688F2)], (A/a)max=0.48, 
max. and min. peak heights in final difference Fourier 
synthesis: +0.63 and --1.14 e A -3. H atoms located 
either in the difference Fourier maps or generated at 
fixed positions. Calculations performed on a Univac 
1110 computer of the University Computing Centre in 
Zagreb using programs written by Domenicano, 
Spagna & Vaciago (1969) and the SHELX76 system 
(Sheldrick, 1976). 

Discussion. Final atomic coordinates are given in Table 
1,* bond lengths and angles in Table 2. The structure of 
the dimeric anion is shown in Fig. 1. The structure of 
the title compound is built up of NH4 + cations and 
binuclear [ M o 2 O a ( H C O O ) 5 ]  3- anions; the dimer as well 
as one [N(1)] of the NH4 ~ cations has crystallographic- 
ally imposed mirror-plane symmetry. Each Mo atom is 
octahedrally coordinated by three oxo O atoms, one 
terminal at 1.695 (2) A and two bridging at 1.934 (2) 
and 1.935 (2) A, one O atom from the bridging formato 
ligand at 2.302 (2)A and two O atoms from two 
monodentately linked formato ligands at 2.085 (2) and 
2.130 (2) A. Due to the trans influence of the terminal 
oxo ligand the M o - O  (from the formato ligand) bond is 
longer than one would expect for an M o - O  single bond 
(Schr6der, 1975). The octahedron is significantly 
distorted, the angles at Mo ranging from 76.7 (1) to 
103-3 (1) °. The Mo atom is displaced out of the 
equatorial 0(2), 0(3), 0(4), 0(5)  plane towards the 
terminal O by 0.36 A. The M O 2 0  2 four-membered ring 
is folded along a line connecting the two bridging O, the 
dihedral angle between the Mo, 0(2), 0(3)  and Mo i, 
0(2), 0(3)  planes being 162.6 °. The Mo. . .Mo bond 
distance of 2.549 (1)A corresponds to the value 
considered as an M o - M o  single bond (Cotton, 1977). 

* Lists of structure amplitudes, anisotropic thermal parameters 
and H-atom parameters have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 44220 (]4 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. 

Both NH~ ions are involved in hydrogen bonding to 
the dimeric anion. At N(1) the interactions N -  
H(13).. .O(8 ~) and N--H(11).. .O(3 ~) of 2.842 (3) and 
2 .746(4)A,  and at N(2) the interactions N -  
H(21)...O(7), N--H(22)...O(8~), N--H(23). . .O(4 iv) 
and N-H(24) . . .O(5  v) of 2.802(3), 2.882(2), 

Table 1. Atomic positional parameters (× 104) and 
equivalent isotropic thermal parameters (× 104~  2) 

Ueq = l y Y * * ~-- i  , .- , jUoai a) a i . a  J. 

X y z Ueq 
Mo 2895 (0"3) 1790 (0.1) 317 (0.2) 185 (0-3) 
O(I) 752 (3) 1596 (1) 22 (2) 323 (4) 
0(2) 2824 (3) 2500 1549 (2) 235 (3) 
0(3) 3537 (3) 2500 --843 (2) 195 (2) 
0(4) 3292 (3) 935 (1) 1483 (2) 305 (4) 
0(5) 3924 (3) 936 (1) -745 (2) 275 (3) 
0(6) 5895 (3) 1872 (1) 615 (2) 281 (3) 
0(7) 3880 (4) 445 (1) 3162 (2) 380 (4) 
0(8) 2887 (3) 1256 (1) --2458 (2) 356 (4) 
C(I) 3740 (4) 978 (I) 2526 (2) 303 (5) 
C(2) 3732 (4) 853 (I) -1816 (2) 258 (4) 
C(3) 6637 (5) 2500 687 (4) 297 (4) 
N(1) 590 (5) 2500 --2240 (3) 351 (4) 
N(2) 2652 (4) 497 (2) 5398 (2) 325 (4) 

Table 2. Interatomic distances (A) and angles (0) with 
e.s.d.'s in parentheses 

Mo-O(1) 1.695 (2) C(1)-O(4) 1.281 (4) 
Mo-O(2) 1.935 (2) C(1)--O(7) 1.221 (4) 
Mo-O(3) 1.934 (2) C(2)-O(5) 1.285 (3) 
Mo-O(4) 2.085 (2) C(2)-O(8) 1.228 (4) 
Mo-O(5) 2.130 (2) C(3)-O(6) 1.263 (3) 
Mo-O(6) 2.302 (2) Mo...Mo' 2.549 (0.5) 

O(1)-Mo-O(3) 103.3 (I) C(I)-O(4)-Mo 129.0 (2) 
O(1)-Mo-O(5) 94.6 (1) C(2)-O(5)-Mo 128.5 (2) 
O(2)-Mo-O(3) 96.1 (1) C(3)--O(6)-Mo 120.3 (2) 
O(2)-Mo-O(6) 82.6 (1) O(4)-C(1)-O(7) 124.6 (3) 
O(4)-Mo-O(5) 78.8 (1) O(5)-C(2)-O(8) 126.9 (3) 
O(4)-Mo-O(6) 78.7 (1) O(6)--C(3)-O(6)' 126.6 (4) 
Mo--O(2)-Mo' 82.4 (1) O(1)--Mo-O(6) 171.1 (1) 

Primed atoms are related to unprimed atoms by mirror-plane sym- 
metry. 

0(7) 

~1~ ~.j~ols) 
Fig. 1. An ORTEP (Johnson, ]97]) view of the binuclear 

[Mo204(HCOO)5] 3- anion showing the atom-numbering scheme. 
Ellipsoids at 50% probability level. 
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2.960 (2) and 2.956 (3)A,  respectively, may be con- 
sidered as hydrogen bonds [(i) x, ½-y, z; (ii) -½ + x, 
½-Y, - ! - z ' 2  , (iii) x, y, 1 + z', (iv) ½-x, - y ,  ½+z; (v) -½+x,  
y, ½-z]. 

This work was financially supported by the Founda- 
tion for Scientific Research of SR Croatia, Zagreb. 
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Structures of (Aniline)(alkyl)[3,3'-(l,3-propanediyldinitrilo)di(2-butanone 
oximato)(l-)]eobalt(lll) Hexafluorophosphate with Alkyl = Ethyl (I), Trifluoroethyl (II) 
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Abstract. (I) [Co(C2Hs)(C6HTN)(C~IH20N4Oz)IPF6, M ,  
= 565.4, triclinic, P1, a = 8.034 (2), b = 10.847 (2), 
c =  14.942 (4) A, et-- 87.29 (2), /7= 81.15 (2), y =  
71.30 (2) ° , V =  1218.7 (5) A 3, Z = 2, D x =  
1 . 5 4 g c m  -3, 2 ( M o K c t ) = 0 . 7 1 0 7 A ,  # = 8 . 4 c m  -~, 
F(000) = 584, T =  293 K, R = 0.043 for 3736 reflec- 
tions I >  30(/). (II) [Co(C2H2F3)(C6HTN)(CI~H20N4 - 
O2)]PF 6, M , = 6 1 9 . 4 ,  triclinic, P i ,  a = 8 . 1 0 7 ( 2 ) ,  b 
= 10.828 (2), c =  15.065 (3) A, a =  85.99 (2), f l =  
79.51(2) ,  y = 7 0 . 5 3 ( 2 )  ° , V = 1 2 2 5 . 9  (5) A 3, Z = 2 ,  
D x = 1.68 g cm -3, 2(Mo Kt~) = 0.7107 A, # = 
8 -6cm -~, F ( 0 0 0 ) = 6 3 2 ,  T = 2 9 3 K ,  R = 0 . 0 3 4  for 
4671 reflections with I >  3o(I). In both structures, the 
geometry around the Co atom may be described as a 
distorted octahedron, the equatorial positions being 
occupied by the tetradentate ligand (DO)(DOH)pn 
= 3,3 '-(1,3-propanediyldinitrilo)di(2-butanone oxi- 
mato). The axial fragment is characterized by C o -  
C(alkyl) and Co-N(ani l ine)  bond lengths of 2.030 (4) 

* To whom correspondence should be addressed. 
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and 2.174 (3) A in (I) and 2.010 (2) and 2.130 (2) A in 
(II), respectively. The two chemically equivalent halves 
of the equatorial ligand bend towards aniline, with a 
dihedral angle, ct, of 7.1 (2) (I) and 5.6 (3) ° (II). The 
aniline phenyl group lies above one of the five- 
membered rings of the equatorial moiety. 

Introduction. As part of an extensive investigation of 
the properties of simple organocobalt complexes, we 
have recently extended previous studies on cobalox- 
imes, the trivial name of the LCo(DH)2R complexes, 
where DH = m o n o a n i o n  of dimethylglyoxime, R = 
alkyl group and L = neutral ligand (Bresciani-Pahor, 
Forcolin, Marzilli, Randaccio, Summers & Toscano, 
1985), to the so-called Costa models, '  [LCo{(DO)- 
(DOH)pntR1PF 6 (Costa, Mestroni & Savorgnani, 
1969). The latter complexes have been claimed to 
mimic the type of reactions involved in B~2-dependent 
enzymic processes: in certain cases, they present 
electrochemical behaviour closer to that of cobalamins 
than cobaloximes (Finke, Schiraldi & Mayer,  1984). 
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