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Abstract--The mixed valence octacobalt oligomer, [ C o 8 ( O ) 4 ( C H 3 C O 2 ) 6 ( O M e ) 4 C I 4 ( O H . ) 4 ]  ( / / /=  1 or 2), in 
which the CosOs core defines a helical array of three condensed, face-sharing Co404 cubanes, was isolated 
during the recrystallisation of crude"[Co (OAc)3]" from methanol/dichloromethane/diethyl ether and its crystal 
structure determined. ~) 1997 Elsevier Science Ltd. All rights reserved. 
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Cobalt carboxylates are the most widely used homo- 
geneous catalysts in industry [1-10]. They find par- 
ticular application in the oxidation of hydrocarbons, 
most noticeably the oxidation of p-xylene to tere- 
phthalic acid or dimethyl terephthalate, the largest 
industrial-scale use of homogeneous catalysts. Other 
industrially important oxidations catalysed by cobalt 
carboxylates include the oxidation of other methyl- 
benzenes to their respective acids, of cyclohexane to 
cyclohexanol and cyclohexanone in the generation of 
adipic acid for nylon synthesis, the oxidation of 
butane, acetaldehyde or ethanol to acetic acid and in 
the production of dodecanoic acid and lauryl lactam 
from cyclododecane. The conversion of [ C o ( O A c ) 2  ] 

to a species presumed to be [C030(OAc)6(AcOH)3] 
by ozone improves the batch oxidation of butane and 
the Co m clusters, [C030(OAc)6 ,,(py)3(OHL] + 
(n = 0,1) have been shown to be catalyst precursors 
for the autoxidation of aromatic hydrocarbons [11]. 
The complexes are generally thought to be effective 
by increasing the decomposition rates of alkyl- 

*Authors  to w h o m  cor respondence  should  be addressed.  

hydroperoxide intermediates in hydrocarbon oxi- 
dations [5, 9]. In addition, "cobalt acetate" derivatives 
have been studied as potential structural models of 
biological systems [ 12,13]. 

Despite this interest, the constitution and structure 
of simple"[Co (OAc) 3]" are complex and incompletely 
established [14-24]. Although a trimeric structure was 
first proposed in 1929 [16], a variety of structural types 
including a monomer, dimers, trimers, mixed valence 
trimers and mixtures of these species has been 
suggested, This uncertainty is due in part to the 
amorphous nature of the "[Co(OAc)3]" product and 
the different preparations employed by different 
experimenters (although the preparation of "well 
defined green octahedrons" was reported [15] in 
1924). The use of pyridine as a ligand to aid in the 
isolation of crystalline derivatives [25] was a sig- 
nificant advance which led to the determination of the 
crystal structures of dinuclear, hydroxy bridged and 
of trinuclear, oxo-centred, derivatives [11,  26]. 
Recently, an additional structural type, based on a 
Co404 cubane, was isolated using bipyridine as a 
ligand and the structure established crys- 
tallographically [12]. This material was not, however, 
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isolated from "cobalt acetate" preparations, but 
rather by the reaction of an isolated Coz(/~-OH)~ dimer 
with lithium peroxide. The Co404 core had previously 
been observed in the cobalt(ll) complexes 
[C04(acac)4(#-OMe)4(CH3OH)4 ] [27], [C04(ll-OMe)4 
(C13C6H20)4(MeOH)4] [28] ,  [C04((NO2)zC,,H30)4 
(MeOH)4] [29] and [C04(thf)5.5(#-O,Bu'2C~,H2)~] [30] 
and in the mixed valence cobalt(II,III) complex, 
[C04(acac)4(#-OMe)4(#-OAc)2] [31], but had not been 
established in cobalt(III) compounds• The tetran- 
uclear cobalt (II/III) complexes, [C04L2(l/-OH)4(/t- 
OAc)2], (L = MeC6H20(CHNC6H40),) and [C04 [N- 
H(C2H40H)z}2(NH(C2H40)2}4][C10412 have C0406 
cores [32,33]. Unfortunately, however, in the context 
of the structure and composition of"[Co(OAc)3]", all 
of these examples have been isolated from solutions 
to which other ligands have been deliberately added. 

We report here the serendipitous isolation of an 
octanuclear complex following the recrystallisation of 
the green "[Co(OAc)~]" prepared by ozonation of 
[Co(OAc)2] "4H20 in acetic acid. 

not held relatively close together by bridging ligands 
as they are in (I). The cobalt~cobalt distances within 
the [Co404] core of (I) differ. Those bridged by an 
acetate ligand are separated by 2.666(3)/~, the same 
distance as that (2.666(2)/~) between the cobalt atoms 
of the cubic [Co404(O:tol)2(bpy)2]- [12]. The remain- 
ing pairs of cobalt atoms of the [Co404] core are 
separated by 2•848(4)/~, (capped by the [Co2(OMe)2] 
moiety) and 2•852(4) /k (across the unbridged "out- 
side" of the structure). The cobalt atoms of the 
[Co_,(OMe)2] fragment are separated by 3.216(4)/~, a 
cobalt~obalt  distance intermediate between those in 
[Co30(OAc)6(py)3] + and [Co30(OAc)3(OH)2(py_s)] 2+ 
[26, 35]. The cobalt~zobalt distances between the 
[Co404] and [Co2(OMe)2] moieties are 2.861(3) /~ 
(bridged by an acetate ligand) and 3.096(3)/~. 

The isolation of (I) establishes a new structural 
form isolated from "Co(OAc)3" solutions, the present 
compound providing a rare example of a [Ms(#-O)~] 
unit in a molecular metal complex and underscoring 
the rich chemistry of the deceptively simple but widely 
used "[Co(OAc)3]". 

RESULTS AND DISCUSSION 

Dark green, air sensitive crystals of [Cos(O)~(OAc)~, 
(OMe)4CI4(OH,,)4] • 6H20 (I" 6H20, n = 1,2) were iso- 
lated following the recrystallisation from methan- 
ol/dichloromethane/diethyl ether of the products of 
the reaction between cobalt(lI) acetate tetrahydrate, 
acetic acid and ozone. The dichloromethane can be 
replaced as chloride source by LiCI, HCI or NH4C1. 
The yield of (I) was near quantitative. The octanuclear 
structure was established by single crystal X-ray crys- 
tallography. The corresponding bromide derivative 
can also be prepared by recrystallisation of "cobalt- 
(Ill) acetate" from methanol/diethyl ether in the pres- 
ence of HBr. 

The structure is illustrated in Fig. 1, which also 
contains the atom numbering scheme. The formula, 
[Cos(O)4(OAc)6(OMe)4C14(OH,)4] (n = 1,2), is 
derived from the crystal structure--the data do not 
allow us to distinguish between coordinated hydroxyl 
and coordinated water as ligands on the terminal 
cobalt atoms. No counter ions could be detected m the 
lattice. Magnetic susceptibility measurements yield a 
room temperature magnetic moment of approxi- 
mately 9.2 + 0.2 BM (depending on the formulation). 
The structure can be described as a linear chain of 
three face-sharing C0404 cubes or as a C0404 cube 
capped on opposite faces by C02(OMeL, dimers. The 
Cos framework is aligned along the centre of a double 
helix of acetate ligands each helix containing three 
ligands. Each cobalt atom is approximately octa- 
hedrally coordinated. This structural motif differs 
from that of [Cos(O)4(PhCO2),2(dml)3(OH2) ] (II) 
[34], which also contains a central [Co404] cubane 
unit. ALthough (I) and (II) both contain a cobalt atom 
coordinated to each of the bridging oxide ligands of a 
central [Co404] cube, these cobalt atoms in (11) are 

E X P E R I M E N T A L  

ChemicaLs' 

Cobalt(II) acetate tetrahydrate (Aldrich) and acetic 
acid (BDH) were of analytical reagent grade and were 
used as received. Methylene chloride (Prolab) was 
distilled over calcium hydride• Diethyl ether (Merck) 
was distilled from benzophenone ketyl over sodium 
wire. Ozone was generated using a Wallace and Tier- 
nan laboratory ozonator (model BA.023012). 

Synthesis 

Cobalt(Ill) acetate was prepared from the reaction 
between cobalt(lI) acetate tetrahydrate, acetic acid 
and ozone as described by Uemura, Spencer and Wil- 
kinson [25] and was recrystallized slowly, over a 
period of several months, from methanol/ 
dichloromethane/diethyl ether• Alternatively, the 
dichloromethane can be omitted and the cobalt(III) 
acetate recrystallized in the presence of an excess of 
LiC1, Nt-I4CI, HC1 or HBr to produce the appropriate 
halide containing octanuclear species near quan- 
titatively• 

Structure determination 

Data were collected on an Enraf-Nonius CAD4 
diffractometer with graphite monochromated Mo-K~ 
radiation. A dark green bipyramidal crystal of 
[Cos(H, O)s (OMe)4(OAc)~(CI)4]" 6HzO, C, 6H24C14 
CosO2s having approximate dimensions of 
0.25 x 0.23 x 0.23 mm was mounted in a glass capil- 
lary. Crystals of this material rapidly decompose when 
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Fig. 1. Thermal ellipsoid plot of  [Cos(O)4(OAc)6(OMe)4CI4(OH,,)4 ] (n = l, 2) drawn at the 25% probability level. Selected 
interatomic distances (/k) and angles ( ): Co( l ) - -Co(1)  2.666(3), 2.848(4), 2.852(4), Co(1)--Co(2),  2.861(3), 3.096(3), 
Co(2)--Co(2) 3.216(4), Co( l ) - -O(1)  1.878(8), 1.890(8), 1.906(7), Co(1)--O(2)(OMe) 1.904(8), Co(1)--O(4)(OAc) 
1.935(8), Co(1)--O(5)(OAc) 1.914(9), Co(2)--(O1) 2.133(8), Co(2)--O(2)(OMe) 2.083(9), 2.111(8), Co(2)--O(3)(OAc) 
2.130(9), Co(2)--O(6)(OH,)  2.061(9), Co(2)--C1 2.358(7), C o ( l ) - - O ( 1 ) - - C o ( l )  89.6(3), 97.2(4), 98.4(4), 

Co( 1 ) - -O(I  )--Co(2) 90.4(3), 99.9(4), 166.2(4), Co(1 ) - -O(2)--Co(2)  91.6(4), 100.8(3), Co(2)--O(2)--Co(2)  100.1 (4). 

*The reflection statistics strongly indicated a centro- 
symmetric lattice, however the systematic absences to 50 20 
suggested the non-centrosymmetric space group F2dd with 
43 of  the 110 Okl k + l  4n reflections being classified as 
observed. However, the l/a(1) for these reflections is only 5.2 
compared to the data set average of 15.1. This suggested that 
the Okl reflections arise from a flaw or perhaps twin in the 
crystal. The absences to 25 20 are consistent with Fddd, with 
only I of the 40 Okl reflections being observed (I/~r(l)-- 0.6). A 
solution can be obtained in F2dd, but refinement of the 
solution reveals extensive correlation and inverting the struc- 
ture has no impact on the R values, suggesting centric sym- 
metry or at least pseudo centricity. The crystals decay rapidly 
on removal from the mother solution. A crystal was mounted 
in a capillary, even so there was 16% decay during the collec- 
tion. The cause of the decay is not certain. 

r emoved  f rom the  m o t h e r  l iquor.  Several  crysta ls  were 
examined  and  all were  found  to be twinned .  Howeve r ,  
one  crystal  had  a d o m i n a n t  twin c o m p o n e n t  tha t  

could  be indexed.  Cell c o n s t a n t s  o b t a i n e d  f rom a least- 
squares  r e f inement  aga ins t  the  se t t ing angles  o f  25 
reflect ions in the range  16.24 < 20 < 24.02" cor -  

r e s p o n d e d  to an  F-cen te red  o r t h o r h o m b i c  uni t  cell. 
The  sys temat ic  absences  de t e rmine  the  space g r o u p  
to be F d d d  ( ~ 7 0 ) .  A p p r o x i m a t e l y  ha l f  o f  the  hkO 
ref lect ions were  classified as observed ,  p r e s u m a b l y  as 
a c o n s e q u e n c e  o f  the  twinning .  A so lu t ion  ob t a i ned  
in F 2 d d  did no t  refine sa t is factor i ly .*  The  da ta  were  
cor rec ted  for  Lo ren t z  and  po la r i za t ion  effects. A n  
empir ica l  a b s o r p t i o n  co r r ec t ion  based  on  the  azi- 
m u t h a l  scans  o f  the  ref lect ions was  also appl ied  to the 
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data. The structure was solved using SHELXS86 and 
expanded using Fourier techniques. With the excep- 
tion of the isotropically refined oxygen atoms of the 
water molecules, the non-hydrogen atoms were 
refined anisotropically. Hydrogen atoms were 
included in the refinement at calculated positions with 
group isotropic temperature factors. Hydrogens were 
not attached to the water molecules to atom 0(6) or 
the C4 methyl residue. The complex was generated 
from the C5H5Co206 asymmetric unit by three mutu- 
ally orthogonal 2-fold axes. The C3 and C4 acetate 
backbone carbons reside on one of the two-fold axes. 
All calculations were performed as described pre- 
viously [35] using the teXsan crystallographic soft- 
ware package of Molecular Structure Corporation. 
Atomic coordinates, interatomic lengths and a.agles, 
and thermal parameters have been deposited at the 
Cambridge Crystallographic Data centre. 

Crystal data 

CI6H24C14Co~028, M = 1277.63, orthorhombic, 
space group Fddd (No. 70), a = 28.859(6), 
b=30.119(9),  c=13.925(4) /~, V=  12104(5) A3, 
Z = 8, D~ = 1.402 g cm 3, ~t(Mo-K~) = 23.735 cm-~, 
F(000) = 5024. Final R (Rw) = 0.092 (0.081) for 1683 
unique observed [F0 > 3.0a(F0)], absorption-cor- 
rected intensities with 1 < 20 < 50. 
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