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A NEW STRUCTURAL FORM FOR A
PENTAOXYPHOSPHORANE. DIEQUATORIAL RING
FORMATION IN A TRIGONAL BIPYRAMID!

T. K. PRAKASHA, ROBERTA O. DAY and ROBERT R. HOLMES

Department of Chemistry, University of Massachusetts,
Amherst, Massachusetts 01003

(Received November 19, 1991)

Previous studies®~® of structural preferences of cyclic pentaoxyphosphoranes have
led to trigonal bipyramidal geometries with the ring systems, which varied from
five- to eight-membered, occupying axial-equatorial positions. Although infer-
ences in mechanistic studies of reactions of cyclic phosphates and variable-tem-
perature NMR studies of ligand-exchange behavior of oxyphosphoranes support
intermediates with diequatorial ring placement, no X-ray investigations have yielded
this structural form. For example, the activation of protein kinases by c-AMP has
been proposed” !’ to result from attack by a functional group of the enzyme to
yield a covalent complex, A. Diequatorial ring formation has also been proposed'!-2
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in the course of hydrolysis of epimeric phosphoranes. Only in the case of a NMR
solution study by Denney and co-workers'? of monocyclic pentaoxyphosphoranes
containing seven- and eight-membered rings has it been concluded that these rings
reside in diequatorial positions.'* This is indicated to occur in the ground state at
reduced temperature where pseudorotaton has stopped, e.g., in formulations B
and C, respectively.

Reprinted with permission from Inorg. Chem., 31, 725 (1992). Copyright 1992 American Chemical
Society.
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We report here the synthesis and X-ray analysis of 1, closely related to C. 1 was
synthesized by the addition of 2,2’-methylenebis(4-methyl-6-tert-butylphenol) to
P(OCH,CF;); in the presence of N-chlorodiisopropylamine in ether solution.'> The
geometry about the phosphorus atom is essentially trigonal bipyramidal with the
eight-membered ring system diequatorially positioned (e~e).'® This is the first
unambiguous structural characterization of a pentaoxyphosphorane with a diequa-
torial ring system.
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The molecule has a crystallographic mirror plane which contains atoms P, O1,
03, 04, and C17 (Figure 1). The trifluoroethyl groups bonded to O3 and O4

FIGURE 1 orTEP plot of 1 with atoms of the trifluoroethyl group omitted for clarity. Atoms with
the same label are mirror-related (x, y, '/, — z). Bond lengths (IE): P-Ol = 1.647 (4), P-04 = 1.659
(4), P-02 = 1.595 (3), P~03 = 1.601 (4). Bond angles (deg): O1-P-04 = 176.1 (2), 02-P-02’
= 116.8 (2), 02-P-03 = 121.5 (1), O3-P-04 = 87.9 (2), O3-P-O1 = 88.1 (2), 02-P-0O1 =
93.0 (1), O2-P-04 = 89.1 (1), P-02-C11 = 127.6 (3), C12-C17-C12’ = 118.9 (5).
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conform to this symmetry, while the one bonded to O1 is disordered. Distortions
away from ideal trigonal bipyramidal symmetry are “anti Berry”!” in nature (O2-
P-02’ closed down to 116.8 (2)° with the axial oxygen atoms tipped toward O3).

The "F NMR spectrum of 1 at room temperature shows two different resonances
in the intensity ratio of 2:1, at —75.6 and —77.1 ppm, respectively. The lower
field peak is assigned to the axial and the higher field peak to equatorial trifluo-
roethoxy groups. Thus, the solution-state structure is in agreement with the solid-
state structure in having the eight-membered ring at diequatorial sites of a TBP
geometry.

The only other X-ray structural investigation of an oxyphosphorane having an
eight-membered ring is D® where the ring is positioned at axial-equatorial (a—e)

sites. Either the electronegativity of the trifluoroethoxy group in 1 exceeds that of
the xylyloxy group sufficiently to displace the ring from its preferred (a-e) ori-
entation in D or increased steric effects encountered due to the presence of fert-
butyl groups in 1, or a combination of both, act to stabilize the e—e structure found
for 1. No unusual ring strain is apparent for 1 in that the equatorial P—O ring bond
lengths, 1,595 (3) A, are nearly the same as the length of the P-O bond to the
equatorial trifluoroethoxy group, 1.601 (4) A, as well as being very close to the
P-O equatorial ring bond in D, 1.60 (1) and 1.61 (1) A (two independent molecules
per unit cell). X-ray characterization of pentaoxyphosphorane E* having a seven-
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membered ring reveals a TBP geometry analogous to that of 1 with the ring located
at axial-equatorial sites. '"H NMR spectroscopy shows a pseudorotational process,
indicating exchange via a TBP intermediate with a diequatorial ring orientation
that has a barrier energy of 11.5 kcal/mol. This energy is not expected to be much
different for the eight-membered ring in the TBP of 1. Hence, it would represent
the approximate energy to overcome in stabilizing the diequatorial ring structure
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found for 1. Further studies of this feature are in progress as well as attempts to
stabilize seven- and six-membered rings in diequatorial sites.
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