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A TRIPLE BOND
FOR GALLIUM

Report of first organometallic compound of
its Rind convinces some, but not all, scientists

regory H. Robinson has a way with
gallium. Two years ago, he and his
coworkers reported the first cy-
clogallene—an aromatic ring of three gal-
lium atoms. Now, his group apparently
has managed to force gallium into anoth-
er unprecedented bonding arrangement:
the first compound with a gallium-
gallium triple bond.
Robinson, a professor of chemistry at
the University of Georgia, Athens, and

three coworkers describe the synthesis

and characterization of “the first gallyne”
in last week’s Journal of the American
Chemical Society [119, 5471 (1997)].

“I think this is a terrific discovery,” com-
ments chemistry professor Jerry L. At-
wood of the University of Missouri, Colum-
bia. Together with Robin-
son’s cyclogallene work, he
adds, “it really opens up
main-group chemistry of the
heavier elements. I think
this will now be a very ex-
citing and fruitful area.”

JACS Associate Editor
Jack R. Norton, who han-
dled the gallyne manu-
script, tells C&EN: “It’s a
spectacular result if right.”
But not everyone who has
seen the manuscript is sure
it’s 100% right.

For example, Philip P.
Power, chemistry professor
at the University of Califor-
nia, Davis, a leading figure
in main-group chemistry,
believes that Robinson’s
structural data don’t support the existence
of a Ga-Ga triple bond. He says the bond
is only marginally shorter than some Ga-
Ga single bonds in molecules that don’t
have very bulky substituents. Based on the
length and geometry of the bond, and on
his own research on similar compounds,
Power thinks it more likely that the two
galliums are connected by a bond “of sig-
nificantly lower order than three—with
substantial lone-pair electron density at each

Robinson doesn’t buy Power’s argu-
ments, particularly those involving Ga-
Ga bond distances. “Having considered
all the possible explanations and correlat-
ing these with the experimental results
lead us time and time again to only one
conclusion: a Ga-Ga triple bond,” Robin-
son tells C&EN.

In the beginning, though, Robinson and
his coworkers—postdoctoral researchers
Jianrui Su and Xiao-Wang Li and graduate
student R. Chad Crittendon—weren’t so
sure of what they had made. Their objec-
tive wasn’t to make a Ga-Ga triple bond,
but to learn how gallium would cope with
the stress of very bulky ligands.

In the 1995 experiment that yielded
the first cyclogallene, Li reduced RGaCl,

Li (clockwise from left), Crittendon, Robinson, and Su synthesized
singular gallium compound, building on earlier work.

with sodium metal to yield Na,(RGa),,
where R is the bulky 2,6-dimesitylphenyl
group. The two sodium atoms—one
above and one below the ring—each do-
nate one electron to the unoccupied p
orbitals of the galliums, resulting in a “me-
talloaromatic” system.

Following up on this work, Robinson
wanted to see what would happen in this
reaction if R were an even bulkier ligand
than 2,6-dimesitylphenyl, which can be
thought of as mz-terphenyl studded with

Gallyne

six methyl groups. The obvious choice
was to replace those six methyls with iso-
propyl groups. For want of a simpler
name, Robinson and coworkers refer to
this hexaisopropyl terphenyl ligand as
“the big ligand.”

The Georgia team thought that sodium
metal reduction of RGaCl, (where R is the
big ligand) might furnish a larger all-
gallium ring, perhaps (RGa), or (RGa)g. But
no—the compound that Su prepared has
only two gallium atoms, and they are two-
coordinate, thus: R-Ga-Ga-R. Further-
more, the Ga-Ga bond distance is the short-
est ever seen—2.319 A. The structure also
contains two sodium atoms, which reside
on either side of the Ga-Ga
bond, forming a nearly pla-
nar Ga,Na, ring.

Another intriguing fea-
ture of the gallyne struc-
ture is that the Ga-Ga-C
fragment is not linear, but
is bent at about 130°. Based
on the proton nuclear mag-
netic resonance spectrum,
Robinson’s group rules out
the possibility that a hydro-
gen atom is bonded to each
gallium atom. As the re-
searchers note in their pa-
per, several theoretical stud-
ies conducted by Henry F.
Schaefer II’s group at the
University of Georgia have
concluded that triple-bond-
ed main-group model com-
pounds such as Si,H, and Ge,H,, unlike
acetylene, often are favored to have a non-
linear trans orientation.

Furthermore, Robinson and coworkers
write, preliminary calculations on the mod-
el triple:bond-containing Na,(CH;GaGaCH,)
“predicts a Ga-Ga-C bond angle of 126.9°,
very comparable to the values observed in
the [gallyne].”

Power, however, finds the bent Ga-
Ga-C structure to be more suggestive of
single rather than triple bonding. In re-
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cent unpublished research, he and his co-
workers isolated a tin analog of Robin-
son’s compound—K,(RSnSnR), where R
is the big ligand. They found that the Sn-
Sn-C angle is about 109° and the Sn-Sn
distance is marginally shorter than a sin-
gle bond; formally, it is a double bond,
albeit a very weak one.

Power also cites calculations by his col-
league Thomas L. Allen, a professor emer-
itus at UC Davis, that show that in model
Sn, and Ge, compounds most relevant to
Robinson’s Ga, compound, the species
with a quasi-single bond and a lone pair
of electrons on each metal atom is signif-
icantly more stable than the triple-
bonded species. The heavier the group
13 element, Power says, the less likely it
is to m-bond. As a result, he believes that
Robinson’s Ga, compound is closer to a
single-bonded species. But, he adds, “no
matter what you think the bonding is, it’s
still a very interesting compound” and it
represents “a great contribution to group
13 chemistry.”

Missouri’s Atwood, although not famil-
iar with the details of Power’s argu-
ments, opines that tin does not necessar-
ily predict what gallium does. Nor does
he find the nonlinearity of the Ga-Ga-C
system to be worrisome. Basically, he
thinks Robinson is on firm footing.

Robinson himself is confident that his
admittedly “radical proposal” will eventu-
ally be accepted by all chemists. “After
all,” he says, looking back, “some people
did not believe that we had actually pre-
pared cyclogallenes!”

Ron Dagani



