This Week'’s Citation Classic

Muetterties E L & Schunn R A. Pentaco-ordination.

Quarterly Reviews 20:245-99, 1966.

[Central Research Dept., E.I. du Pont de Nemours & Co., Wilmington, DE]

CC/NUMBER 31
AUGUST 1, 1983

The article comprised a summarial characteriza-
tion of structure, stereochemistry, and dynamic
processes in five-coordinate ¢ These
complexes tend to have trigonal blpyramudal or
square pyramidal form and readily undergo transi-
tions between the two limiting forms. Stereochem-
ical guidelines were presented for the placement
of ligands at the inequivalent sites of the coordina-
tion polyhedra. [The SCI® indicates that this paper
has been cited in over 450 publications since
1966.)
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“In the 1950s, | had a unique opportunity at the
Du Pont central research department to apply nu-
clear magnetic resonance (NMR) spectroscopy to
structural and dynamic properties of inorganic
molecules. This research was done in collabora-
tion with William D. Phillips, now chairman of
W ashington University’s chemistry department. In
thiose early days of NMR, we had no means to reg-
ulate the temperature of the sample but still man-
aged to obtain information about temperature de-
pendent stereochemical phenomena: we repeat-
edly chilled the NMR sample tube in liquid nitro-
gen and inserted the tube into the spectrometer
probe until the more massive probe was cooled.
Then, by frantic tuning and retuning, we generated
NMR spectra as a function of temperature —as the
probe warmed. These crude but effective studies
established that many inorganic and organome-
tallic molecules possessed structures that rap-
idly underwent intramolecular rearrangements
through vibrationally excited states.

“Seminal to the development of our research
was the proposall by R. Stephen Berry, now at the
University of Chicago, that rearrangement of five-
coordinate complexes proceeded by a deforma-
tion that traversed trigonal bipyramidal and

square pyramidal idealized geometries. This
‘Berry rearrangement’ postulate in conjunction
with stereochemical considerations —what type of
ligands prefer equatorial over axial vertex posi-
tions of a trigonal bipyramid—ultimately provid-
ed broad generalizations about pentacoordina-
tion. Next, the development stage of five-coordi-
nation came when Reinhard Schmutzler, now at
Technische Universitit Braunschweig, presented
me with a large series of substituted PFs mole-
cules. Initially, the NMR spectra of these mole-
cules appeared uninformative. However, a more
detailed analysis proved insightful: adoption of a
very simple set of stereochemical guidelines that
modified the Berry postulate for intramolecular
rearrangement of five-coordinate molecules pro-
vided a self-consistent rationalization of structure,
stereochemistry, and intramolecular rearrange-
ment in pentacoordination.?2 These studies also
provided a sound experimental basis for a general-
ization about rearrangements in inorganic mole-
cules {‘stereochemically nonrigid molecules’).3

“The summarial features of structure, stereo-
chemistry, and dynamic stereochemistry from
these earlier studies and an evaluation of the
literature were presented in the Quarterly Reviews
‘Pentaco-ordination’ article by Bob Schunn and
me. | believe that it became a much cited article
because chemists were just then perceiving that
molecular species with five ligands were not an
oddity but a relatively common phenomenon. The
article, because of the timing, naturally became a
key reference. In addition, it was evident from
reaction mechanism studies that five-coordinate
species are often transition states or reaction in-
termediates in reactions of the more common
four- and six-coordinate molecules. In fact, the
stereochemical guidelines and the Berry rear-
rangement mechanism were later used to rational-
ize and systematize the vast body of kinetic data
concerning the hydrolysis of phosphorus esters.4
Still later, Lloyd Guggenberger and I5 analyzed
crystallographic data for five-coordinate mole-
cules and demonstrated that these structures fell
precisely on the Berry geometric path, connecting
the idealized trigonal bipyramidal and square
pyramidal structures. Thus, the Berry postulate
was in quantitative agreement with solid-state
structural data. An excellent systematic molecular
orbital analysis of pentacoordination was pub-
lished in 1975.76
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