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Conformational Analysis of 1,4-Heterophosphinanes
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Structure of 1,4-heterophosphinanes in solution was studied by the methods of
dipole moments, Kerr effect, molecular mechanics, and density functional theory
calculations. It was determined that chair conformation with an equatorial ori-
entation of the exocyclic phenyl substituent is preferred for 1,4-heterophosphinanes
independent of the second heteroatom in six-membered phosphorus heterocycle (oxy-
gen, sulfur or silicon), and the coordination state of the phosphorus atom (o3P or

o4p).

Keywords Conformational analysis; dipole moments; heterophosphinanes; quantum
chemical calculations

Spatial structure of a number of six-membered phosphorus-containing
heterocycles was studied in detail by the methods of X-ray, vibrational
and NMR spectroscopy, Kerr effect, and dipole moments. Information
about the structure of phosphacyclohexane analogs containing het-
eroatom in first position of the cycle is still scarce.!~® We carried out
conformational analysis of 4-substituted 1,4-heterophosphinanes 1-3
(Scheme 1) using the methods of dipole moments, Kerr effect, molecular
mechanics, and quantum chemical calculations (DFT B3LYP/6-31G*).

/ N\ 1 x=s, Y =Se
X P\ 2 X=SiMe,;, Y =Se
\ / Ph 3 X =SiMe,, Y = lone pair of electrons (LPE)
SCHEME 1
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Previously, it has been determined that the oxygen analogue of these
compounds, namely 4-phenyl-4-oxo-1,4-oxaphosphinane, has the chair
form with equatorial orientation of the exocyclic phenyl substituent
and axial orientation of the P=O group in solution.? We have studied
how different heteroatoms in the cycle influence the structure of hetero-
phosphinanes.

Originally, we studied the conformational composition of 1-3 by
the molecular mechanics method using Dashevsky-Plyamovaty’s force
field.* The analysis of obtained results shows the energetical prefer-
ence of chair conformations for all investigated compounds. Previously,
the same conclusion was drawn for the oxygen analogue of the studied
phosphinanes.?

Y

I
. /\/vP\Ph . /\/, vy

chair, chair,
SCHEME 2

Subsequent identification of the forms in the conformational equilib-
rium was performed by the method of dipole moments. We determined
the experimental dipole moments for 1-3 in dioxane solution using the
second Debye method, and calculated the dipole moments for chair con-
formations using the vector-additive scheme (Table I). The comparison
of the experimental dipole moments with the calculated values shows
that 1-3 have a chair, conformation with the preferred equatorial ori-
entation of the Ph substituent.

In contrast to the dipole moment, the Kerr constant is sensitive to a
rotation of the benzene ring about the P—C,, bond. Therefore, we de-
termined the experimental Kerr constant of phosphinane 2 in dioxane
solution, and calculated the Kerr constants for two possible orientations
of a phenyl group: in the first form, the Ph group and the P=Se bond
have parallel arrangement, and in the second form, they are perpendic-
ular. The analysis of the experimental and calculated Kerr constants
for 2 led to a conclusion about the preferred chair conformation of the
six-membered cycle with the parallel orientation of the phenyl ring and
the selenophosphoryl group.

The relative energies and the theoretical polarities of the possi-
ble conformers of examined compounds were calculated using DFT
B3LYP/6-31G* method (Table II). The conformers with axial orienta-
tion of the P—Se bond (1, 2) or the LPE at the phosphorus atom (3) and
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TABLE I Experimental and Calculated Dipole Moments of
Heterophosphinanes 1-3

Heales D
Mexpts
Compound Chair, Chair, D (dioxane)
1 4.07 4.31 4.39
2 4.71 5.13 5.30
3 0.96 1.87 1.82

equatorial orientation of the phenyl substituent have the global energy
minima. Note that the experimental data are in a good agreement with
the theoretical results for 1-3.

Thus, the study of spatial structure of 1,4-heterophosphinane sys-
tems, carried out using the complex of supplementing each other phys-
ical methods as well as theoretical calculations, showed that the pre-
ferred conformation of 1,4-thia- and silaphosphinanes with P is the
chair form with axial orientation of the P=Y bond and equatorial ori-
entation of the Ph group. In solution, conformational behavior of 1,4-
heterophosphinanes with ¢*P is analogous to that of the phosphinanes
systems. The introduction of the second heteroatom (oxygen, sulfur, or
silicon) to the fourth position of heterocycle does not affect the pre-
ferred axial orientation of the P=Y bond and equatorial orientation of
the phenyl group, the latter is also kept in tri-valence derivative.

TABLE II Data of BSLYP/6-31* Calculations and e, of 1-3

Conformer AE, keal'mol 1 Itheor> D Mexpt, D

Chair, 1f 4.90 4.72 4.39
lé 5.12 4.66

Chair, 1, 0 4.37
1, is not achieved

Chair, 2| 4.53 5.61 5.30
21 5.17 5.85

Chair, 2| 0 4.69
21 is not achieved

Chair, 3| 3.50 1.54 1.82
3L 0.90 1.61

Chair, 3| 0 1.32
3L 0.46 1.40

%The P=Se bond and the Ph ring are parallel; and
bthe P=Se bond and the Ph ring are perpendicular.
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