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Axial Preference of a Phenyl Group in a Trigonal Bipyramidal Tetraoxyphosphorane. A Unique

Five-Coordinated Geometry!
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Normally axial positions in trigonal bipyramidal geometries
of main group elements are occupied by the most electronegative
elements that are present.> The most prevalent exception arises
when four- or five-membered rings comprise part of the ligand
framework. For example, this is found for the cyclic phospho-
ranes 1-3.378
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Here, ring strain relief prevails as the dominant factor when
the ring occupies axial—equatorial sites of a trigonal bipyramid
rather than diequatorial sites. As a consequence, the most
electronegative element is displaced to an equatorial position.

In our work with larger cyclic systems, we have found that
eight-membered rings can assume diequatorial positions, e.g.,
4—6,"!! as well as axial—equatorial positions of a trigonal
bipyramid, e.g., 7.' However, in phosphoranes 4—6, the axial
sites are occupied by the most electronegative ligand, the
trifluoroethoxy group. For the less substituted eight-membered
ring in 7, although the ring takes preference in occupying the
axial site, the electronegativity of the trifluoroethoxy group
relative to the ring O—aromatic component is not expected to
be too different.

We now report the synthesis'? and structure' of a unique
geometry in a five-coordinated tetraoxyphosphorane (8) having
the same eight-membered-ring system as in the bicyclic pen-
taoxyphosphorane 6.'! This provides the first example of a
phenyl group occupying an axial position of a TBP in preference
to a more electronegative group. The electronegativity of the
phenyl group on the Pauling scale is 2.6,'* considerably less
than that of oxygen, 3.4.)% The bicyclic phosphorane 8 retains
its pentacoordinated state in solution as evidenced by a
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comparison of its 3'P NMR chemical shift of —40.77 ppm'¢
obtained in CDCl; solution with its solid state value of —40.20

ppm. An earlier example of a phenyl group occupying an axial
position of a TBP is provided by an X-ray structure of PPhs."”
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Figure 1. ORTEP plot of 8. The pendant carbon atoms of the -Bu
groups and all hydrogen atoms are omitted for clarity. Bond lengths
(A): P—C36 = 1.838(8), P—O1 = 1.760(6), P—02 = 1.662(5), P—03
= 1.602(6), P—04 = 1.610(6). Bond angles (deg): O1—P—C36 =
176.1(3), 03—P—04 = 116.1(3), 0O3—P—-02 = 120.1(3), 04—P—02
= 123.8(3), O3—P—C36 = 92.3(3), 04—P—C36 = 91.6(3), O2—P—
C36 = 89.3(3), 03—P—01 = 90.5(3), O4—P-01 = 89.6(3), 02—
P-01 = 86.9(3), P—03—C7 = 126.8(5), P—04—C19 = 127.8(5).

Here the P—C, bonds have lengths of 1.989(7) and 1.986(6)
A while the P—C,q bond lengths are shorter, as expected,
1.830(7), 1.865(6), and 1.855(6) A. Inthe present phosphorane
structure, the P—C axial bond length in 8 is 1.838(8) A,
considerably shorter than the axial P—C lengths in PPhs due to
the presence of the more electronegative oxygen ligands.

As demonstrated earlier from X-ray studies,’~'' a diequatorial
orientation in a TBP geometry for a ring of a cyclic pentaoxy-
phosphorane has been found only when an eight-membered
ring is employed.'® With the use of seven-'"2? and six-
membered'®?3~2 rings like that observed earlier for five-
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membered rings, the site occupancy in a TBP is invariably
axial—equatorial as shown by X-ray studies. In the case of the
tetraoxyphosphoranes 926 and 10,2” however, Bentrude and co-
workers found a diequatorial orientation for the six-membered
ring in a TBP with the use of an additional constrained cyclic
system.
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(o} CFy

CF CF
926 R=H
1027 R = t-Bu

We have commented?>?? on the greater flexibility of the eight-
membered ring present in derivatives 4—7 compared to six- and
seven-membered rings in oxyphosphoranes. The present work
supports this assertion in that there exists only a small energy
difference for this type of ring'! in its occupancy of the two
sets of positions of a TBP geometry and thus allows the pheny!l
group access to its normally unfavored location in an axial site.
We speculate that the reason this has occurred in the present
instance for 8 is associated with the presence of the rert—butyl
substituents on the eight-membered ring. A steric effect is
suspected involving the rert—butyl groups ortho to the ring
oxygen atoms which would be greater if the ring occupied
axial—equatorial sites. This feature appears probable from an
examination of the structures of 4—7°~'! where 7,'° containing
an unsubstituted cyclic system, is the only one with an axial—
equatorial ring orientation.

The eight-membered ring conformation in 8, like that in 4—6,
is in a symmetrical chair arrangement. This contrasts with the
ring in 7,'° which is described as a twisted boat or tub with the
phosphorus atom and the opposite methylene group syn to each
other. Further, the bicyclic derivative 8, like 6,'! is unique in
having both kinds of the TBP positions occupied by the cyclic
components.
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Supporting Information Available: An ORTEP plot of 8 (Figure
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