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Table I. CeF6
+ Excitation Spectrum in Solid Argon 
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studies of electronic spectra of relatively large matrix isolated 
ions, providing insight both into the guest spectroscopy and into 
the ion-host interactions. Similar studies involving other ions 
as well as the effects of various hosts are in progress. 
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A Trinuclear Molybdenum(IV) Cluster Compound 
Having an Unusual Structure and Unusual Stability 

SJV.-

The chemistry of molybdenum(IV) was relatively late and 
slow to develop and still remains imperfectly understood.1 This 
is particularly true of its aqueous chemistry; only in 1966 was 
it shown2 that Mo lv is stable in aqueous media and only in 
1973 did some firm information as to the identity of the species 
become available.3 There is also a very limited amount of in
formation about its solid-state chemistry. We report here a 
discovery that bears significantly on both the aqueous and solid 
state chemistry of molybdenum(IV). 

A solution of MoIV prepared by the method of Ardon and 
Pernick3a was adsorbed on a Dowex 50W X 2 cation-exchange 
column and was eluted with 0.5 M oxalic acid. CsCl was added 
to the eluate, and, upon slow evaporation of this red-purple 
solution, red-purple crystals were obtained. These crystals are 
monoclinic and belong to space group P2\/n with cell di
mensions a = 12.082 (2), b = 16.764 (3), c = 12.529 (2) A; 
/3 = 91.31 (2)°; V = 2537 (2); and Z = A. Using 2500 unique 
reflections with I > 3o-(7), the structure was solved and refined 

Figure 1. The structure of [Uo^O 4,(CiO ̂ Yi2Oh]2+. 

to convergence. Anisotropic temperature factors were used for 
the Mo and Cs atoms and for the oxygen atoms in the coordi
nation sphere. The final residuals obtained are Rj = 0.041,7?2 
= 0.061. From the structure the complete formula is found to 
beCS2[M0304(C204)3(H20)3]-4H20.V2H2C204. 

The molecular structure and atom labeling scheme is shown 
in Figure 1. Each molybdenum atom is surrounded by six 
oxygen atoms in a distorted octahedral geometry. The average 
bond distance of Mo-O(I) (2.019 (6) A) is slightly longer than 
that of Mo-O(a) (1.921 (7) A) (a = 2, 3, 4; these atoms are 
chemically equivalent) as is expected for a triply bridging 
oxygen atom. The average Mo-O(H2O) distance (2.154 (7) 
A) and the average Mo-O(ox) distance (2.091 (7) A) are as 
expected for these ligands. Other results are available as sup
plementary material.4 

The most interesting distance in the structure is that between 
the molybdenum atoms, 2.486 (I)A. This is clearly indicative 
of the presence of Mo—Mo bonds and, on the simple basis that 
Mo ,v has two d electrons with which a single bond could be 
formed to each of its neighbors, we believe that these Mo—Mo 
bonds are single bonds. They are considerably shorter than 
nearly all other previously recognized Mo—Mo single bonds5 

and comparable in length with several recently discovered 
examples of what may be Mo=Mo double bonds, viz., 
Mo2(OPrO6(CO)6 (2.489 A) and Mo2(OPrOs7 (2.523 A). It 
must be kept in mind, however, that the lengths of all bridged 
M—M bonds, but especially when the bonds are of lower 
order, depend not only the bond order but also strongly on the 
number, size, arrangement, and character of the bridging 
groups. 

The most pertinent structural comparison involving this 
structure is with the M03O13 unit found in a series of com
pounds with the general formula MM'Mo30g where M and 
M' are two cations with charge totaling +4, e.g., Zn2, Co2, or 
LiSc.8 The Mo3Oi 3 unit, shown in Figure 2, is not discrete in 
these compounds, many of the oxygen atoms being shared 
between such units. In fact, this type of trinuclear cluster 
structure, which also occurs in the lower halides9 of niobium, 
Nb3Xg and CsNb4Xj 1, has never before been found as a dis
crete entity. The present structure is, however, essentially the 
same, except that some of the 13 oxygen atoms are now sup
plied by oxalate ions and water molecules. It is the bridging 
oxygen atoms of the Mo3Oj3 structure which are still simple 
oxygen atoms in the present case. 

It is noteworthy that the electronic structure of the Mo3Oj 3 
unit was analyzed many years ago10 and it was shown that a 
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Figure 2. The structure of the Mo3Oi3 unit that occurs in Zri2Mo308 and 
related compounds. 
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Figure 3. Absorption spectrum of [Mo304(C204)3(H20)3]

2". 

symmetry-based molecular orbital treatment leads naturally 
to the conclusion that the metal atoms are linked by single 
bonds since the occupied MO's having metal-metal character 
give the electron configuration a2e4. The Mo-Mo distance in 
Zn2Mo3Og (2.524 A1') is not very different from the one found 
here. 

Ardon and co-workers3ab have presented evidence that the 
MoIV aquo ion is dinuclear, with a charge of +4 and, hence, 
most likely [(H2O)4MoGu-O)2Mo(H2O)4]

4+. Thus, in the 
presence of oxalate a structural transformation occurs. It is true 
that both species, Ardon's and ours, are red, but the spectra 
are different, as a comparison of Figure 3 with the spectrum 
of the aquo ion3a will show. The formation of the trinuclear 
oxalato ion is irreversible and this new species is stable indef
initely in aqueous solution without reverting to the Ardon 
species. 

The compound described here is the first example of a 
structurally characterized complex containing Molv isolated 
from aqueous solution of molybdenum(IV). It is also one of 
the most stable and easily prepared MoIV complexes known. 
It suggests that the aqueous (and other) chemistry of this ox
idation state of molybdenum may be more extensive than 
previously supposed.12 

Supplementary Material Available: A table of atomic positional and 
thermal parameters, a more complete list of interatomic distances and 
angles, and a list of structure factors (16 pages). Ordering information 
is given on any current masthead page. 
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Interaction of Vicinal and Nonvicinal Amino-Hydroxy 
Group Pairs in Aminoglycoside-Aminocyclitol 
Antibiotics with Transition Metal Cations. 
Selective N Protection 

Sir: 

We wish to report a novel, general, and high yielding method 
of selective N protection of aminoglycoside-aminocyclitol 
antibiotics via divalent transition metal complexing of vicinal 
and nonvicinal amino-hydroxy group pairs.1 

We define a nonvicinal amino-hydroxy group pair as one 
in which the two groups might be located on different rings, 
yet are in proximity owing to a unique stereochemical conse
quence as a result of conformational preference about the 
glycosidic linkage and possible further stabilization of the 
conformation by hydrogen bonding between the two 
groups.2-5 

It was thought that, under suitable conditions, both vicinal 
and nonvicinal amino-hydroxy group pairs might form re
versible complexes with divalent transition metal cations, the 
extent to which these cation complexes are formed being de
pendent on the type and amount of transition metal, avail
ability of the pair for complexing, stability of the complex, and 
nature of the solvent. Conventional N blocking of amino groups 
not complexed in a similar manner would then lead to, after 
removal of the metal, selectively N-protected derivatives. 

Treatment of sisomicin (1) with cobaltous acetate tet-
rahydrate (3 equiv) in Me2SO (0.005 mol %) for 30 min, fol-

NON-VICINAL 

VICINAL 
NH2 

H3C 

NON-VICINAL 

SISOMICIN (1) 

lowed by acetic anhydride (3 equiv), and subsequent removal 
of the metal with hydrogen sulfide afforded 3,2',6'-tri-7V-
acetylsisomicin (4) in 95% yield.6 The results of similar se
lective 3,2',6'-tri-N protection of sisomicin (1) and related 
antibiotics using a variety of N-blocking agents and transition 
metal salts are given in Table I. As seen, for the antibiotics 
listed in Table I, Co2+ ions appear to give best yields of the 
tri-N-blocked products.6 
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