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Introduction

The study of dinuclear cobalt complexes began as early as
the middle of the 19th centuA? Reaction of dioxygen with
polyamminecobalt(ll) salts yielded brown “oxykobaltiakehd
green “anhydrooxykobaltiake” compountit the turn of the
20th century, one of us described these species respectively as
deriving from the addition product of one molecule of €Xher
to two pentaamminecobalt(ll) un®r to one pentaammine-
cobalt(ll) and one pentaamminecobalt(lll) uhithe nature of
the O—0O bond in the resulting dinuclear cobalt complexes was
the subject of much controversy. X-ray diffraction and vibra-
tional and EPR spectroscopic studies eventually allowed the

Several dicobalt(lll) complexes with a superoxo ion as the only
bridging unit were crystallographically characteriZedt and
other superoxo-bridged dicobalt complexes had either an

distinction to be made between superoxo and peroxo ligands. {
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additionalu-amidd?3or au-hydroxd* bridge. In these doubly

1. Since the elemental analysisb€ould not be explained, the

bridged dicobalt complexes, the resulting five-membered rings chloride was exchanged for nitrate to afford sajtwhich
were almost flat. crystallized “nach einiger Zeit ... in grossen &gn” (after some

In the late 1890’s, an attempt was made to repeat an earliertime ... in the form of large sheet®¥) The nitrate compouné
synthesi® of melanochloride. The procedure, outlined in was initially characterized as an “ozoimidohexammindikobalt
Scheme 1, yielded a mixture that contained a new green salt,nitrate”, 2a.1” Subsequent work led to the reassignmer a6
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the u-amido-ol-peroxo-C8CoV salt 2b based on elemental
analysis and reactivit§!8 The bromide analogud could be
synthesized either from the octaammine dicobalt nitrate
by anion exchange from the chloride salta byproduct of the
melanochloride synthesis (Scheme 2).

In the present work, we have reinvestigated the chemical
nature of2 by modern crystallographic methods using crystals
from the Werner collection at the University of #ch, probably
synthesized around 1909. The result afforded a new chemical
motif described herein.
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Table 1. Crystallographic Data for
[Cox(u-OH) (u-O2) (1-NH2)(NHz)e] (NO3)3+ 1.25H,0 (2)

empirical formula CeHa3 N10O13.25
fw 493.61
cryst size 0.2¢< 0.2 x 0.05 mn¥
crystal color, shape brown, hexagonal shaped plate
wavelength Mo K, 0.710 73 A
temp 188(2) K
cryst syst, space group monoclinR2:/n
unit cell dimensions a=14.1508(9) A
b=8.8313(6) A3 = 115.530(1)
¢ =15.1098(10) A Figure 1. ORTEP plot of the cation in [Gu-OH)(u-O2)(u-NHy)-
vol 1703.9(2) B (NH3)6](NO3)3:1.25H0 (2). Atoms are shown with 50% probability
Z, calcd density 4,1.910 Mg/ thermal ellipsoids.
absorption coeff 2.036 mm )
6 range for data collection 1.658.28 Table 2. Selected Bond Distances (A) and Angles (deg)
refins cqllected/unjque 10433/396Rf = 0.0567] Col/2=N7A/ 1.922(4) 03-Col—N1 88.36(15)
absorption correction SADABS O1A/N7B/O1R
max and min transmission 1.000000 and 0.868332 Col-03 1.872(3) NECo1—N2 91.00(17)
data/restraints/parameters 3963/35/275 Co2—04 1.887(3) 03-Co1—N3 89.65(15)
largest diff peak and hole 0.713 and.544 e/R Col—N2 1.968(4) 04 Co2—N5 89.11(14)
aR= _ bwR2= 2_E2 12, Col-N3 1.968(4) N6-Co2—-N5 90.54(16)
R= 3 IFol — IFell/ZIFol. PWR? = { 3 [W(Fo? — F)/ 3 [w(Fo?)} Coo—Na 1.964(4) 04-Co2—N4 88.98(14)
. . Co2-N5 1.963(4) N6-Co2—-N4 92.03(16)
Experimental Section Co2-N6 1.947(4)  N5-Co2-N4  91.42(16)
The X-ray crystal structure determination was carried out on a Bruker C01-C02 2.7664(9) Co:03-04  112.8(2)
(formerly Siemens) CCD diffractometer with graphite-monochromatized CO[\lj;g/YoAllg—l(% » 92.0(2) Coz-04-03  111.8(2)

Mo Ko radiation ¢ = 0.710 73 A) controlled by a Pentium-based PC
running the SMART software packaéfSingle crystals were mounted aNumbers in parentheses represent estimated standard deviations
at room temperature on the ends of glass fibers in Paratone N oil, andin the last digit(s) listed? N7A and O1A as well as N7B and O1B are
data were collected for 20 s per frame at 188 K in a stream of cold constrained to be on the same positions, respectively. Therefore, their
dinitrogen maintained by a Bruker LT-2A nitrogen cryostat. Data distances to the cobalt atoms are the same.

collection and reduction protocols are described in detail elsevifere. .
The structure was solved by direct methods and refined using the angles ranging from 80.3(1jo 94.4(2]. These values and the

SHELXL97 software packag®. The disorder of theu-amido and Co—N and Co-O bond lengths are in good agreement with
u-hydroxo units was confirmed by replacing the mixed arrangement the results of numerous octahedral cobalt(lll) structété$2>
with either two oxygen or two nitrogen atoms, which yielded either The amido and the hydroxo bridge are indistinguishable and
unreasonably large or small thermal parameters, respectively. Hydrogenwere refined as a 1:1 disordered pair. The coordination spheres
atoms were assigned idealized locations (ammine ligands) or locatedof the cobalt atoms are each completed by three terminally
and refined (water molecules). The latter thermal parameters were coordinated ammonia molecules. One of the three nitrate anions
restrained at 1.5 times tHg. value of the pertinent atom. Empirical  jn the crystal lattice has disordered oxygen atoms. In addition,
absorption corrections were applied by using SADABRelevant a fully occupied and a one-quarter occupied water were located.
crystallographic information is reported in Table 1. . .

The X-ray results clearly confirm the chemical nature2of
Results and Discussion as described in 1910 with the exception of the metal agd O
oxidation states. To the best of our knowledge, this species is
the first crystallographically characterized dinuclear transition
metal complex having all threg-hydroxo, u-amido, and
u-superoxo bridging ligands. The maintenance of the sample
stability and crystallinity over nearly a century is also note-

The structure of2 is depicted in Figure 1, and selected
geometric information is listed in Table 2. Two Co(lll) ions at
a distance of 2.776(1) A are bridged by hydroxo, amido, and
superoxo anions. The oxygeoxygen bond distance of
1.340(4) A is well within the reported range (1:26.36 A)

worthy.
reported for superoxide ions bridging two Co(lll) cent&$he 4
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