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Ab initio molecular orbital calculation at HF/6-31G*, HF/6-31G**,
HF/6-311G*, HF/6-311++G**, RMP2-FC/6-31G*, and B3LYP/6-
31G* levels of theory for geometry optimization and MP4(SDQ)/6-
31G* for a single-point total energy calculation are reported for phos-
phinine and 13 isophosphinines 7-19. Isomers 7-11 with an allenic
system are calculated to be 8-18 kcal mol™! more stable than struc-
tures 12-17 with an acetylenic moiety. The calculated energy difference

(66.19 kcal mol™!) between phosphinine and the most stable isophos-
phinine (I-phospha-1,2,4-cyclohexatriene, 10) is smaller than the dif-
ference (78.96 kcal mol~1) between benzene and the most stable isoben-
zene (cyclohexa-1,2,4-triene, 2). The isophosphinines 18 and 19, with a
butatriene moiety, are calculated to be the least stable isomers.

Keywords: Ab initio calculations; cyclic acetylenes; cyclic allenes;
isophosphinines; strained molecules

INTRODUCTION

Since their discovery, phosphinines have been the subject of a number
of theoretical studies.!”® These studies were motivated by the need
for phosphorus chemists to have a good understanding of the elec-
tronic factors that render phosphinines so different from their nitro-
gen counterparts (pyridines) with regard to their chemical reactivity®
and their coordination properties.” A second important point is that
this heterocycle and its derivatives constitute an ideal model for study-
ing the ability of the —P=C double-bond system to participate in
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conjugative interactions.® While the structure and properties of isoben-
zenes 2-5 and isopyridines have been studied by experimental®~!!
and theoretical'?>!3 methods, the extent of our present understanding
regarding the geometries and stabilities of isophosphinines is meager.
The number of different positions that a nitrogen atom can occupy in
various isobenzenes to yield isophosphinines is 13 (see Scheme 1). We
report the results of ab initio calculations for structural optimization
of strained isobenzenes 2-5, phosphinine (6), and isophosphinines
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7-19 by comparing the geometries (HF/6-311++G**) and energies
[MP4(SDQ)/6-31G*//RMP2-FC/6-31G*]. The results from these calcu-
lations are used in the energies discussions below.

Even though isophosphinines 7-19 are not presently available for
more studies, it is possible to learn something about them by using
theoretical methods that have been reliable in other applications.

RESULTS AND DISCUSSION

Benzene and Isobenzens 2-5

The results of ab initio calculations for benzene and isobenzenes 2-5 are
shown in Table I. All of the basis sets employed in these calculations,
except B3LYP/6-31G*, give the same order of stabilities for compounds
1-5 (Table I). According to these calculations, the most stable isoben-
zene is cyclohexa-1,2,5-triene (2), which is 78.96 kcal mol~! less stable
than benzene. The calculated strain energies for isobenzenes 3 and 4,
containing acetylenic moieties are 86.65 and 93.83 kcal mol~! above
that of benzene. The butatrienic isomer 5 is calculated to be the least
stable isobenzene (see Table I).

Phosphinine and Isophosphinines 7-19

The results of ab initio calculations for structure optimization and en-
ergies of phosphinine and isophosphinines 7-19 are shown in Tables II
and III, and Figures 1 and 2. The isophosphinines 7-19 can be divided
into three series: (1) enallenic 7-11; (2) enynic 12-17; and (3) butatrienic
18 and 19. All of isophosphinines have strained grouping in small-ring
structures. This strain implies some deviations from an ideal bond-
ing geometry in small-cyclic structures of isophosphinines, engender
substantial strain energy, and resultant reactivity. These features are
apparent from total energy and representative structural parameters
for the most stable geometries of isophosphinines (see Figures 1 and
2, and Tables II and III). Isomers 7-11 have dissymmetric enallenic
structures. Ring constraints bend the allene moiety and exert torsion
toward a planar arrangement of ligands. Thus, for enallenic isophos-
phinines 7-11, two forms are possible: (1) chiral (C; symmetry) and
(2) achiral (C; symmetry) geometries with singlet (S) and triplet (T)
electron configuration. The equilibrium geometries of enallenic struc-
tures 7-11 with singlet electron configuration are chiral (C; symmetry).
The calculated strain energy for the achiral geometry is 30-50 kcal
mol~!. These isomers can be racemized by rotation around allene-like
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11(Cy)

FIGURE 1 HF/6-311++G** calculated structural parameters (bond lengths
in A, bond angles, and dihedral angles in degrees) for isophosphinines 7-11.
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18 (C1) 19 (Cy)

FIGURE 2 HF/6-3114++G** calculated structural parameters (bond lengths
in A, bond angles, and dihedral angles in degrees) for isophosphinines 12-19.

moieties via planar transition states. According to MP4(SDQ)/6-31G*
calculations for the triplet electron configuration, the planar geometries
of isophosphinines 7-10 are slightly more stable than the C;-symmetric
forms.

Isophosphinines 12-17 have enynic grouping. Stabilities of these
isomers depend strongly on the extent of deviation from linear
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arrangement of the acetylenic moiety. The internal angles of the
acetylenic carbon atoms are strongly bent in isomers 12-17 (see
Figure 2). Finally strained cyclic butatriene 19 is calculated to be the
least stable isophosphinine in all the used methods.

According to these calculations, allenic isomers 7-11 are about 8—
18 kcal mol~! more stable than the acetylenic geometries 12-17. The
butatrienic isomers 18 and 19 are less stable than the most stable al-
lenic structure 7 by 17.7 and 26.5 kcal mol~! respectively. An energy
difference of 1.7 kcal mol~! arises from the occupation of different po-
sitions by phosphorus atom in enallenic geometries 7-11, but this dif-
ference in acetylenic isomers 12-17 is 8.3 kcal mol 1.

CONCLUSIONS

Ab initio SCF-MO calculations provide a fairly clear picture of the ge-
ometries of isophosphinines 7-19 from both the structural and energetic
points of view. Isomers 7-11, with an enallenic grouping, are more sta-
ble than the structures 12-17 with an acetylenic moiety. Strained cyclic
butatrienic structures 18 and 19 are calculated to be the least stable
isophosphinines. It would be valuable, of course, to have direct struc-
tural data on isophosphinines 7-19 for comparison with the results of
the ab initio calculations.

CALCULATIONS

The ab initio molecular orbital calculations, were carried out using the
GAUSSIAN 98 program.'* Geometries for all structures were fully opti-
mized by means of analytical energy gradients by Berny optimizer with
no geometrical constraints.!>!® Initial geometry optimizations were
carried out at HF/6-31G* level, and zero point energies obtained at
this level were scaled by 0.9135. In light of the fact that correction
for electron correlation is often important in conformation studies, we
have made use of several methods for calculating this correction. One
approach involved the density functional theory at the BSLYP/6-31G*
level.'” This makes use of a three-parameter functional that is a hybride
of exact (Hartree-Fock) exchange terms, similar to those first suggested
by Becke.!® Geometry optimizations also were carried out using HF/6-
31G** HF/6-311G** HF/6-311++G**, and RMP2-FC/6-31G* followed by
a MP4(SDQ)/6-31G* calculations using the RMP2-FC/6-31G* geometry,
allowing a comparison with the BSLYP/6-31G* results.
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