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The literature on molecules with edge-sharing bioctahedral
structures (ESBOs]) ) is vast. The metal-to-metal distances in such
structures are governed in somewhat obvious ways by the size of
the bridging atoms, X, and the oxidation states of the metal atoms,
but in a more interesting way by the electron configurations of the
metal atoms and their varying abilities to form metaietal bonds.

The basic relationships were developeand structural data
reviewed some years ago, mainly for molecules where=xCl.
Since that time there have been abundant new developments, but
there is no more recent review.

It has previously been recognized that metaletal bond
formation may occur by overlap of d orbitals according to the
general pattern shown s Thus, with two d metal atoms, a single
bond,¢?, is formed and with 8imetal atoms a double bona?z?,

Figure 1. One of the two crystallographically independent and centrosym-
metric molecules in MgDXyIF29),(0,CCHs)2(u2-0).. 1a, with displace-
ment ellipsoids shown at the 50% probability level. The other molecule in

is formed. With & metal atoms, the simple pictulewould incline laand that inlb are similiar. In2, the two acetate anions are substituted
one to believe that there would beo&r20? triple bond. In fact, by the chelating formamidinate anions DAnIF (the anionNyN'-di-p-
this is not a safe prediction because of the role fhabrbitals on ~ anisylformamidine).

the X atoms may plag29It is possible that the actual result may tion of chloroform from solutions containing afforded a mono-
be ac?726*? configuration, because of an interaction of the filled clinic form of 1:1.93CHC}, 1b. We therefore have three crystal-

prr orbitals of the X atoms on theddorbitals of the metal atoms.  lographically independent structure determinations for moletule
Numerous structural results for MCl),M cases have confirmed in each case the molecule lies on a crystallographic inversion
this23 center® The first remarkable feature of this compound is that it
contains the shortest bond between two molybdenum(lV) atoms
I I ever reported. The range and the average of-Ma distances in
o* these three is 2.3048(4) to 2.3077(6) A and 2.306[2] A. As a result

O—Mo angles of the independent molecules in structdgslb,

and 2 are all 107 £ 1° and 73 + 1° respectively. DFT
calculationg have confirmed conclusively that, as expected from
Il, there is ao?7? double bond between the metal atoms. The
exceptional shortness of this bond is presumably due to the
combined effects of the smallness of the oxygen atoms, the high
basicity and small bite of the bridging formamidinate ions, and the
relatively weak binding of the acetate ions that are approximately
trans to theu,-O atoms’

\ ’ X ~mu i
We now report some important results concerning a new ESBO

molecule,1, shown in Figure 1. The violet compound was easily
prepared by air-oxidation ofis-Moa(u-O,CCHg)a(u2-DXyIF29),

’ o % of the strong and short MeMo bond, the G-Mo—0 and Mo~

(DXylIF2® = N,N-di(2,6-xylylformamidine)) according to eq The mean of all theu-O)—Mo distances is 1.938[4] A, but
. 2 this average is far less important than the fact that there are
Cis-MO,(14,-0,CCHy) (u-DXYIF %), + O, — systematic inequalities within each set of four. InsteadDef

M02(772'02CCH3)2(/42'DXV|FZ'G)z(ﬂz'O)z (1) symmetry, the Mq{-O),Mo units have onlyCy symmetry, as
shown in Table .While packing distortions can occur in crystals,
it seems very unlikely that the same distortion would occur four
times in crystallographically independent molecules. We propose
that these results, which are summarizedlin are the systematic
result of a pseudo-JahiTeller effect?1%as will now be explained.
We employ as the local coordinate system for each M and X
* To whom correspondence should be addressed. E-mail: cotton@tamu.edu atom that shown ih. For a rigorously rhomboidal bu,-O), group
{F.A.C.). murillo@tamu.edu (C.A.M.). (D2y) the pair of p orbitals on the oxygen atoms can be combined

Texas A&M University. A Rk T
* University of Costa Rica. into linear combinations i (p1 + p2) and kg (p1 — p2). The 4,

Crystals ofla, obtained by diffusion of hexanes into a dichlo-
romethane solution of, crystallized in space groupl with two
chemically similar but crystallographically independent molecules
(molecules 1 and 2). Alternatively, crystallization by slow evapora-
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Table 1. Mo—(u,-O) Distances, A

compd longer shorter difference
1a molecule 1 1.960(2) 1.913(2) 0.047(3)
1a, molecule 2 1.965(2) 1.907(2) 0.058(3)
1b 1.970(3) 1.913(2) 0.057(4)
2 1.996(2) 1.948(2) 0.048(3)
average 1.965 191k 0.052

aValues for2 not included.? Value for 2 included.

orbitals form the combinationsp(d; + dy) and h, (d; — dy). The
latter, by itself, provides the essential part of ttie—dz bond

between the metal atoms, if an electron pair is available to fill it.

When it is recalled that the interaction of thg, lbombination of
the Xp, orbitals with the by combination of the g orbitals leads
to the inversion of thé andd* orbitals?2dit is clear that we have
the m-bonding orbital as the HOMO, ofihsymmetry, and thé*

(ay) orbital consisting largely of metal,gdorbitals as the LUMO.

A necessary condition for the occurrence of a pseudo-Jahn
Teller effect to carry a more symmetrical structure into a less
symmetrical one (while preserving a center of inversion) is that

the HOMO and the LUMO be coupled by a normal vibratién.

This will cause a lowering of the energy of the HOMO thereby
stabilizing the molecule in the structure of lower symmetry. In this

case the h HOMO and the aLUMO can interact via the 43 in-
plane vibration of the Ma(>-O)Mo rhombus (l, x a, x big= &
in Dyy). This vibration is depicted schematically B, and it is
evident that it corresponds to exactly the type Bby(— Can)
distortion observed in the M6—(u,-O),Mo"Y molecules reported
here.

Mo/ \IVTIO
NP

It is logical to ask whether the pseudo-Jatireller effect

reported here has previously been seen. It appears that it has not,
but that, of course, raises the question of why not. First, it must be

Supporting Information Available: Synthetic and crystallographic
procedures, fully labeled drawings of each independent molecule, and
mass spectroscopic data fba (simulation and actual data) (PDF) and
crystal data forla, 1b, and2 (CIF). This material is available free of
charge via the Internet at http://pubs.acs.org.
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is susceptibldo a pseudo-JahtiTeller effect (or even a first-order
one, for that matter) is not a prediction thawitll be obsered

Observability depends on the related questions of how large the
distortion is and whether experimental data are precise enough to
see it!2 In practically all previously determined ESBO structures

such as those with halide bridges the-M, X—X, and M—X

distances are long, thus lowering the magnitude of the effect.
Moreover, few ESBO structure determinations have replicated with

the exactitude of those reported here.
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