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parameters (2 pages). Ordering information is given on any current
masthead page.
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The “Supershort” Chromium-to-Chromium
Quadruple Bond: Its Occurrence in a
Tetracarboxamidatodichromium(IT) Compound
Sir:

Extensive studies on tetracarboxylatodichromium(1I)
compounds!? have shown that they all have Cr-Cr distances
in the range 2.29-2.53 A.3 The closely related [Cra(CO3)4]4~
ion has a slightly shorter distance,'® 2.22 A. These rather long
distances have provoked controversy as to the Cr—Cr bond
order.*> On the other hand, there are a number of Cr; species
in which the Cr—Cr distances are short enough that there has
been no lack of agreement that they contain quadruple bonds.
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Table I. Representative Dichromium(II) Compounds Having
Supershort Bonds and Their Cr—Cr Bond Lengths

bond
compd no. length, A ref
<MeO ?Me)., 1 1.85 8a
Cr—Cr
<H C/@O )4 2 1.89 8b
(|‘1'—"(|‘,1'
<HC/(@\NH>< 3 1.87 8¢
(!fr—‘ér

( o ) 4 1.83 8d

fr C!r 5 1.86 8¢

CH,4

Table II. Some Bond Distances (Angstroms) and Angles (Degrees)
in Cr2{PhNC(CH3)O],4

Cr—Cr 1.873(7) Cr'-Cr-O 98.0 (2)
Cr—N 2.06 (1) Cr'-Cr-N 92.5(3)
Cr—0 1.97 (1)

While two of these (with Cr—Cr distances in parentheses),
namely, [Cra(CH3)g]4~ (1.98 A)6 and Cr,(C3Hs)4 (1.97 A),7
have been known for several years, they are so different, at least
superficially, from the Cry(O,CR)4 type that their general
significance is (or was) ambiguous. A distinct dichotomy was
created with the discovery® of a series of compounds, beginning
with 1, of which those in Table I are representative. These
contain ligands that are sterically and electronically similar
to the carboxylato group, and yet they have vastly shorter
Cr—Cr bonds, i.e., in a range <1.90 A, which we informally
designate supershort.®

Our attempts to identify the ligand properties responsible
for the occurrence of supershort Cr4-Cr bonds have involved,
inter alia, the following steps. (1) Compounds of type 2 (Table
I) showed that the presence of Cr—C bonds is not critical, and
compound 3 shows that Cr—O bonds are not essential. In
short, no one type of ligand atom, C, N, or O, is critical. (2)
Compound 5 showed that four noncarboxylato ligands are not
necessary. {3) Compound 4 showed that it is not necessary for
the Cr,L4 species to be a neutral molecule. (4) The one re-
maining common feature of all of the compounds in Table 1
with supershort Cr--Cr bonds, namely, the incorporation of
some ligand atoms in aromatic rings, was recently shown not
to be essential by the discovery of supershort bonds in the
compounds Cry[(CH,),P(CH3)2]4 (1.89 A)I® and
Cro(PhNNNPh)4 (1.86 A).!!

We report here a further crucial experimental step, perhaps
the penultimate one, in achieving an understanding of what
causes (or allows) the formation of supershort Cr-%-Cr bonds.
We have prepared the first carboxamido-bridged dichromium
compound, viz., Cry[RC(O)NR’]4 with R = CH3z and R’ =
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Figure 1. The structure of the Cra[CH3;C(O)NPh]4 molecule. Some bond
distances and angles are given in Table IL

C¢Hs, and determined its structure X-ray crystallographi-
cally.!? The molecular structure is shown in Figure 1 and some
important distances and angles are listed in Table II. The
molecule has crystallographic 4 (S4) symmetry, which means
that there is only one crystallographically distinct ligand. The
Cr—Cr distance, 1.873 (4) A, is well down into the supershort
range.

The occurrence of a supershort Cr4-Cr bond in a compound
where the ligands are so similar to RCO; prompts the following
observations. The most conspicuous difference between
CH;C(O)NPh™ and CH3CO;™ is the steric difference be-
tween PhN and O. The PhN groups make it impossible for the
Cra[CH3C(O)PhN], to associate with each other through
intermolecular O-Cr axial bonds, or to accommodate separate
donor molecules as axial ligands, whereas every known tetra-
carboxylato Cry molecule is either a disolvate with axial li-
gands, Cry(O,CR)4L,, or has a structure in which the
Cr,(0,CR)4 molecules are arranged in infinite chains with
intermolecular O-Cr axial distances of 2.22-2.44 A. In nearly
every other compound with a supershort Cr-+Cr bond the li-
gands prevent both axial coordination by separate donors or
intermolecular association via axial bonds. In compound 4, it
is possible that, even if purely steric forces preclude axial
coordination, the fact that the complex is very negatively
charged renders it unattractive to donor molecules. This may
also be true of the [Cry(CH3)s]4~ ion. In any case, it is a fact
that there are no axial bonds in any of the compounds with
supershort bonds and there are axial bonds in every one of the
compounds with Cr—Cr bonds as long as or longer than 2.22

We must, therefore, consider very seriously the possibility
that the dichotomy of supershort and long Cr-4-Cr bonds is due
solely to the absence or presence of axial ligands. For Mo-4-Mo
and Re-4-Re bonds it is known!? that axial coordination causes
slight lengthening of the bonds; it is likely that Cr-%-Cr bonds
are far more sensitive in this respect.

We feel that the electronic similarity of some ligands,
especially (PhN)OCCH;™, to O,CCHj;™ is so great that the
most crucial question about Cry** complexes is now set out in
the starkest terms: Does the Cr—Cr quadruple bond length
depend primarily upon nothing more than the presence or
absence of axial ligands (which means that an isolated
Cr;(02CR)4 molecule should have a Cr—Cr bond length
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<1.90 A) or does a set of four O,CR™ ligands have some
special electronic property causing the Cr—Cr quadruple bond
to be long and weak?

To answer this question, the ultimate experimental step must
be to observe a Cr,(O,CR)4 molecule in the absence of any
significant axial bonding. There would appear to be only two
practical ways to do this. One is to devise some kind of R group
capable of suitably enshrouding the molecule; the other is to
conduct an electron diffraction measurement of the Cr—Cr
bond length in the gas phase. Both of these approaches are
being actively pursued.

Should it turn out that the Cr—Cr bonds in Cr,(O,CR)4
molecules free of axial bonds are supershort, the ab initio
theoretical treatment of these substances will once again be
in profound difficulties, since, after first predicting that no
Cr—Cr bond exists,* it currently asserts that such a bond has
its maximum strength at a distance of ~2.40 A 4b

Supplementary Material Available: Table of atomic positional and
thermal parameters (1 page). Ordering information is given on any
current masthead page.
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