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S.'"12 and Fe,S,'%!3 have been found.

All the experiments were carried out under a dinitrogen at-
mosphere. An iron wire (3 g) was introduced to a conical flask
containing the aqua ion I (0.05 M, 25 mL) in 2 M HCI. The color
of the solution turned from green to red-purple in a few hours.
After the remaining iron was removed, the resultant solution was
purified by the use of the ion exchange technique. The solution
was absorbed on a Dowex 50W-X2 cation exchanger. Ferrous
ion was eluted with 0.5 M HCI and red-purple eluent was obtained
by the use of 1 M HCL.!* This was analyzed to give Mo/Fe =
2.93 £ 0.15 (three determinations). An HPTS (p-toluenesulfonic
acid) solution of the ion was obtained by the absorption of the
ion on the cation exchanger from the HCI solution followed by
the elution of it with 2 M HPTS. The analytical result of Mo/Fe
~ 3 and the behavior of the aqua ion on the cation exchanger are
indicative of the presence of heterometal Mo;FeS,** aqua ion (II).
This is in remarkable contrast to the case!’ of reaction of the
Mo,0,*" aqua ion (IIT) with iron, the reaction product being
simply the reduced form'® of I1I with no addition of an iron atom.
Exposure of I1 to the air gives the starting material, i.e., I together
with ferrous ion.

Preparation of [Mo;FeS,(NH;)o(H,0)]Cl, (IV) is as follows.
The red-purple solution obtained from the mixture of I and an
iron wire was introduced into an ice-cold flask containing con-
centrated aqueous ammonia. Black-purple crystals deposited in
a few days.'”

X-ray crystal structural analysis!® revealed the existence of a
heterometal cubane-type Mo;FeS,** core in IV. The unit cell has
two independent chemical units, but no significant structural
difference can be seen between the two units. One of the cluster
cation is shown in the Figure 1 together with selected bond dis-
tances and angles.'

There is no clear structural evidence for localized bonding in
the Mo,FeS,** core. Therefore if the oxidation state of iron is
assumed to be 2+, a mean Mo*** state or a formal oxidation
state of Mo(IV) + 2Mo(III) is assigned. Each molybdenum is
approximately octahedrally coordinated (three u;-S and three
ammonia molecules, the Mo~Mo and Mo-Fe bonds being ig-
nored), while the iron is tetrahedrally coordinated (three u;-S and
one water molecule). Electronic spectrum of I, which is shown
in Figure 2, together with those of I and IV has peaks at 955 (e
130 (M cm™)/mol), 602 (e 454), 505 (€ 726), and 470 nm, sh
(€ 669). The spectrum of II is similar to that of IV. This similarity
and the X-ray structure analysis support the presence of heter-
ometal cubane-type Mo;FeS,*" aqua ion (probably [Mo;FeS,-
(H,0),0]*") in solution.

The reaction of I with other metals (e.g., Cu or Hg) is under
investigation.
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It has been stated that “the dodecahedrane geometry is exquisite
in its perfection”.! A significant part of the fascination sur-
rounding this almost spherical (CH),, hydrocarbon arises from
its exceptional 7, symmetry,? regular polyhedral nature, and
aesthetically appealing topology. These features, in combination
with occlusion by the structural cage of a cavity incapable of
solvation, have fostered many innovative theoretical treatments
of dodecahedrane’s molecular properties. These include assess-
ments of its vibrational frequencies,’ ordering of orbital energies,*’
ionization potential,® formation of inclusion compounds,’’¢ NMR
spin—spin coupling constants,’®® and heat of formation.'® Fol-
lowing the successful synthetic elaboration of dodecahedrane (1)
by Paquette and co-workers,!! some of the unusual physical
characteristics of the hydrocarbon were elucidated experimentally.

A matter of continuing interest has been definition of the
three-dimensional structure of dodecahedrane by X-ray crystal
structure analysis. Precise measurement of bond lengths and bond
angles, together with detailed knowledge of the dimensions of the
cavity, would provide, inter alia, a reliable foundation for future
theoretical work.'!? As a direct result of dodecahedrane’s unique
shape, however, it has been widely anticipated that the molecule
would not crystallize in any preferred orientation. We find instead
that the molecule not only adopts a preferred orientation, but takes
advantage of the highest crystallographic symmetry available to
it.

The X-ray structure determination was achieved with data from
a clear, colorless, twinned crystal grown from benzene solution.
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Figure 1, Carbon atoms are drawn at the 50% probability level and
hydrogen atoms are drawn on an arbitrary scale. C(3) designates the
atom on the threefold axis and C(m) is the atom on the mirror plane.

The diffraction pattern was interpreted in terms of a crystal
composed of two twins distributed unequally. The unit cell is
face-centered cubic with m3 Laue symmetry and the systematic
absences restrict the space group possibilities to F23 or Fm3. At
room temperature, the cell constant is @ = 10.610 (3) A with Z
= 4 and p.,q = 1.448 g/cm3. This structure is therefore iso-
morphous with that earlier reported for disordered secododeca-
hedrene 2.13 Noteworthily, the calculated density of 1 is higher
than that of 3 (1.412 g/cm?).1?

oan &

The twinning was recognized as a result of collecting data in
the triply primitive hexagonal cell representation.'* The not
uncommon mode of twinning is such that the hk,I and k,h,l
reflections are interchanged in position.!> Exact superposition
occurs when / = 3n, and no overlap occurs otherwise. The in-
tensities were corrected for twinning by using the following re-
lationships:'®

I(hkd) = (1 — @)J(kkD) + aJ(khi)
I(khl) = (1 - a)J(kh) + aJ(hkl)

A comparison of the intensities of the nonoverlapping reflections
resulted in a value for the twin fraction, a, of 0.246. So ap-
proximately 25% of the crystal used for data collection is in twin
orientation. The standard deviations in the intensities were also
corrected for twinning.!6®

The structure was solved and successfully refined in the cen-
trosymmetric space group Fm3. The final R value (on F) was
0.049 based on 118 intensities with F,2 > 3¢F,%. T, symmetry
is crystaliographically imposed on the molecule, with the asym-
metric unit containing two carbon atoms and two hydrogen at-
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oms.!” This result conforms to the prediction that gaseous do-

decahedrane will have I;, symmetry since T, is the subgroup of
I, with the highest possible crystallographically allowed symmetry.

The geometry of the molecule obtained here does not deviate
significantly from 7, symmetry as can be seen in Figure 1. The
framework bonds, at C(3)-C(m) = 1.541 (2) A and C(m)-C(m)
= 1.535 (5) A, are somewhat shorter than the 1.546-A value
determined for cyclopentane.!® The exterior C—C—~C bond angles
[C(m)-C(3)~C(m) = 108.1 (1)°; C(3)~-C(m)-C(3) = 107.7 (2)°;
C(3)-C(m)-C(m) = 107.9 (4)°] conform nicely to the value
expected for perfect dodecahedral symmetry (108°).

Intracavity distances across the center of the molecule are 4.310
(3) A for C(3)---C(3) and 4.317 (5) A for C(m)---C(m). Taking
account of the generally accepted number for the van der Waals
radius of carbon,!? the transcavity diameter is only 0.91-0.93 A,
too small for encapsulation of any but the smallest ions. Since
the structure is face-centered cubic and the centers of the do-
decahedrane molecules occupy the corners and the centers of the
faces of the unit cell, the packing is cubic closest packing. The
shortest intermolecular contacts are 3.98 A for C---C and 2.33
A for H---H.

Now that the three-dimensional structure of 1 has become
known, the effect of substitution on dodecahedral distortion can
now begin to be assessed. We hope to report on these matters
at a later date.
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Anionic metal carbonyls are important materials in many areas
of chemistry, particularly as reagents in chemical synthesis, and
have been reported for all d-block transition elements except those
of the group 3, 4, and 11 triads.2 Our recent development of a
facile, atmospheric pressure synthesis of the hexacarbonyl-
metalates(1-) of niobium and tantalum?® prompted attempts to
prepare carbonyl anions of titanium, zirconium, and hafnium by
this method. We now report on the synthesis, characterization,
and some reactions of the anionic carbonyls of titanium and
zirconium, CsH;M(CO),~. These substances are the first cy-
clopentadienyl derivatives of the hypothetical heptacarbonyis,
M(CO),, and are the most thermally stable zero-valent carbonyls
now known for Ti and Zr.* The only previously reported com-
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