Synthesis and X-ray structure of a novel

1,3-diox0-2(0%15)-4,5(03A3)-triphospholane: a (self-)trapping

aryl-metaphosphonate
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The reaction of molecular oxygen with 1-amino-
diphosphene produces a novel 1,3-dioxo-225,413,5A3-
triphospholane-2-oxide via the [2 + 3]-addition of 2,4,6-
tri-tert-butylphenylmetaphosphonate to the diphosphene
monoxide, the structure of which is elucidated by X-ray
analysis.

Recently several authors have shown the reaction of ozone with
suitable 62A3-phosphaalkenes or iminophosphanes affords the
corresponding oxo(ylen)phosphoranes A! and B.2 While a
handful of compounds of both types are known, only two
methylene(oxo)-phosphoranes? and one 1Imino(0xo0)-
phosphorane# have been fully characterized, including by X-ray
structure analysis. The metaphosphates C are known as
transient species, and their existence can only be inferred from
trapping experiments.>-¢ While the metaphosphates C can be
generated from a variety of precursors,5 of great interest to us,
is their formation from diphosphenes and oxygen.

As outlined in Scheme 1, the reaction of the symmetric
diphosphene 1 is reported to yield either a cyclic phosphonic
acid 4 via C-H insertion subsequent to reaction with oxygen,” or
a methylester 5 upon additional reaction with methanol.® Both
4 and § have been previously isolated as products from trapping
reactions of the 2,4,6-tri-tert-butylphenylmetaphosphate 3, and
of further interest, the intermediate diphosphene monoxide 2
can be detected by 31P NMR spectroscopy.® We report here the
informative reaction of an asymmetric substituted diphosphene
with oxygen which clearly demonstrates the sequential produc-
tion of two reactive bis(ylene)phosphoranes, the diphosphene
monoxide and 3.

Treatment of the 1-aminodiphosphene’® 6 with oxygen [by
bubbling air through a cold (5 °C) toluene—dichloromethane
solution of 6 for 6 h] results in the formation of compound 8,
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Scheme 1 Reagents and conditions: i, O,, 5 °C, toluene-CH,Cl,; R =
C¢H,Bu'3-2,4.6

which has been isolated in 33% yield. The 3P NMR spectrum
[625.9 (Jpp = 215.4,24.4 Hz), 2.3 (Jpp = 32.5, 24.4 Hz) and
—15 (Jpp = 215.4, 32.5 Hz)], indicates a species with three
distinct phosphorus atoms and one phosphorus—phosphorus
single bond. The 'H NMR datat clearly established the
presence of three unique 2,4,6-tri-tert-butylphenyl groups and,
of greatest interest, the mass spectrumi recorded positive ions
corresponding to O,PC¢H,Bu'3-2,4,6 and 1-aminodiphosphene
monoxide.

Single crystals of the major reaction product were grown
slowly over a period of two months and the molecular structure
was verified by X-ray crystallography to be 2,3-bis(2,4,6-tri-
tert-butylphenyl)-4-2.4,6-tri-tert-butylphenylamido-1,3-dioxo-
2-(04A5)-4,5(03A3)-triphospholane, 8. It should be mentioned
that the structure of an isomeric species, a 1,3,5-trioxa-
phosphorine, is well established.!!

The X-ray crystal structure§ of 8 is illustrated in Fig. 1 and
the pertinent metrical parameters are listed. The structure
consists of a non-planar five-membered ring with one P-P bond.
The three phosphorus atoms are unique with the o*A>-
phosphorus attached to a CgH,Bu'3-2,4,6 group and not
—NHC¢H,Bu';:-2,4,6. The O(1) atom lies 50 pm from the plane
defined by P(1), P(3), O(2) and P(2). The bulky substituents on
P(1) and P(3) adopt a skewed conformation to relieve steric
congestion. The phosphorus—phosphorus bond length [226.9(4)
pm] is slightly longer than a normal single bond, while the
remaining bond lengths and angles are as expected.

Fig. 1 Structure of 8 (But groups omitted for clarity) with important bond
lengths (pm) and angles (°): P(1)-P(3) 226.9(4), P(1)-O(1) 167.7(7), P(3)-
OQ2) 171.8(7), P(2)-0(2) 159.5(7), P(2)-O(1) 161.0(6), P(2)-0O(3)
146.7(7). P(1)-O(1)-P(2) 118.3(4), O(1)-P(1)-P(3) 95.0(2), P(2)-O(2)-
P(3) 127.0(4), P(1)-P(3)-0(2) 89.1(2), O(1)-P(2)-0(2) 99.4(3)
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Scheme 2 Reagents and conditions: i, O, 5 °C, toluene-CH,Cl;; R =
CstBU'3-2,4,6

The mechanism for the formation of 8 is outlined in Scheme
2. The first species generated from the reaction of 6 with oxygen
is the monoxide 7. This type of species is known to persist in
solution and a slower reaction of 7 with oxygen to produce 3
followed by a faster [2 + 3] cycloaddition reaction affords the
final product 8. The oxidation of 7 to 3 must be the rate-
determining step in this synthetic pathway and the fact that ions
attributable to 7 and 3 are seen in the mass spectrum of 8
reinforces the plausibility of this mechanism.

Footnotes

+ 'H NMR (C;Dg): 1.11 (s, br, 9 H, p-BuY), 1.28 (s, 9 H, p-But), 1.34 (5, 9
H, p-Bu), 1.41 (s, br, 18 H, 0-BuY), 1.59 (d, 15.9 Hz, 18 H, o-But), 1.71 (s,
18 H, o-Buw), 3.22 (br s, 1 H, NH) 7.08, 7.56, 7.75 (s, 6 H, Ar”, Ar’, Ar).
+ MS (70 eV/25 °C). m/z 616 (M+—CgH,But;, 8%), 583
(M* — CgH,But; — PO,, 8%), 308 [O,PCcH,Bu's, 6%), 57 (But, 100%).

§ Crystal data for 8: colourless crystals, crystal dimension 0.3 X 0.3 X 0.5
mm3; C54HggsNO3P3-2 CgHio, M = 1059.9, triclinic, space group PT (no. 2),
a = 10337(4), b = 16.076(5), ¢ = 21.853(6) A, « = 98.69(3), 8 =
92.46(3), y = 106.73(3)°, U = 3.423 nm?, Z = 2, wW(Mo-Kav) = 0.12
mm~!, T = 293 K, F(000) = 1168. 8654 reflections up to 20,,x = 44°
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were measured on a Nicolet R3m diffractometer with Mo-Ka radiation,
8381 independent reflections were used for all calculations. The structure
was solved by direct methods and refined to /2 anisotropically, the H atoms
were refined with a riding model. The final quality coefficient wR2 was
0.341 [R, = 0.114 for 4283 reflections with / > 20(/)] for 615 parameters
and 172 restraints. Two para-tert-butyl groups were disordered. Atomic
coordinates, bond lengths and angles, and thermal parameters have been
deposited at the Cambridge Crystallographic Data Centre. See Information
for Authors, Issue No. 1.
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