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One of the exciting developments in main group chemistry

in recent years has been the isolation of compounds that feature

double bonding between the heavier group 14 or 15 elements.

However, despite the rapid progress that has been made in this
area since the early 1980s, there have been no experimental

studies of the electron distributions in diphosphenes{RR),
disilenes (BRSi—SIiRy), or their heavier congeners. Experimental
electron deformation density (EDD) determination is a technique
that is capable of furnishing unique and useful insights into
chemical bonding,and herein, we describe the first such study
of a diphosphene. As a check of the validity of the conclusions
from the EDD data, we have also conducted a companion
theoretical study using density functional theory (DETY.he

latter approach has been applied succesfully to the analysis of

double bonds involving the group 14 elemehts.
The X-ray crystal structure of (2,4,6BusCsH2)P=P(2,4,6,-
t-BusCsH2) (1)° has been reported previously; however, for the

present purpose, it was necessary to acquire high-precision, high-

angle (SiN6/A)max = 0.90; Dmax = 80°) X-ray data at low
temperature (100 K3.

Molecules ofl reside on a crystallographic inversion center.
The EDD plots shown in Figure 1 were obtained by a multipole
refinement in which no constraints were employed for the
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Figure 1. (a) EDD map for the €&P—P—C plane ofl. Solid and
dotted lines indicate positive and negative values of EDD, respectively.
The contours are drawn at intervals of 0.1 ®/f) EDD map at the
midpoint of the P-P vector inl in the plane perpendicular to the-G—

P—C plane. Solid and dotted lines indicate positive and negative values
of EDD, respectively. The contours are drawn at intervals of 0.2.e/A

phosphorus atoms but locahin? and 3n symmetries were
assumed for the aryl-C aneBu groups, respectivel/’ Figure
laillustrates the EDD in the-€P—P—C plane. Highly positive
EDD values are evident on the phosphorus atoms in a region
corresponding to that anticipated for lone pdirsigure 1b
shows the EDD at the midpoint of thedP vector in the plane
perpendicular to the €P—P—C plane. The distribution is
distinctly noncylindrical. A cut through a puwebond would
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coefficients were developed to the octopole level. The program MOLLY
(Hansen, N. K.; Universitele Nancy, |, France, 1981) was used for the
multipole refinement.
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give rise to circular contours, and the observation that the EDD
is elongated in the direction anticipated for thebond is
consistent with a double bond descriptforRreliminary experi-
ment$ reveal similar EDD contours for (M8i)sCP=PC-
(SiMe3)3 (2).10

With a view toward gaining a more detailed understanding
of the P=P bond and allowing the best comparison with the
EDD results, we chose to perform DFT calculations on the actual
diphosphendl.! Previous calculations have been devoted to
the simplified model diphosphene HPH2 The DFT calcula-
tions indicate that HOMO ot is 60% P based, with contribu-
tions of 54% R, 32% R, and 14% s, respectively. This orbital
corresponds to the phosphorus lone pairs, which are therefore
mainly of p-type character. The HOMO-1 is 50% based on
the heavy atoms, which contribute almost exclusively with their
p; orbitals, and represents thg,-bond. The HOMO and the
HOMO-1 are very close in energy, being separated only by
0.324 eV. The Hirshfeld analydfsassigns a charge €f0.163
to the P centers, thus indicating a small amount of electron T
donation from the heavy elements into the aromatic rings. DFT /)
calculations have also been performed 68,4,6-(CR)s-
CeH2} P=P{2,4,6-(CE)3CeH2} (3), based on the X-ray derived
structure'* and reveal a similar ordering of orbital energies.
We note that the nature of the HOMO and HOMO-1 was one
of the questions raised in earlier theoretical studies of the parent
diphosphenegransHP=PH. The results of SCF calculatidfs
revealed therpg-orbital to be the HOMO and the phosphorus- C1*
based lone pairs orbital to be the HOMO-1. In more accurate
Cl calculations'? the sequence of these two orbitals is inverted
in accord with the present DFT results.

The calculated deformation density (CDD)Xfvas obtained
by subtraction of the superposition of the atomic fragment
densities from the final density of the molecule. Two repre-
sentative plots are shown in Figure 2. Figure 2a shows the CDD ==
in the C-P—P—C plane. The build up of density corresponding m
to the free lone pairs of the P atoms is clearly apparent and is (i ¢

in satisfactory agreement with the experimental EDD (Figure Figure 2. (a) CDD map for the €P—P—C plane ofl. Only positive
1a). The lone pairs are centered about 0.75 A away from the values of CDD are shown. The contour values are 0.001, 0.003, 0.006,

C1

P atoms. The CDD in the plane perpendicular to theP& 0.01, and 0.03 e/(at))(b) CDD at the midpoint of the PP vector in
P—C plane at the midpoint of the-FP vector is shown in Figure  the plane perpendicular to the-®—P—C plane. Other details are as
2b. The build up of density corresponds to thefPo- as well indicated in Figure 2a.
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