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Dioxaphosphirane, a novel species of P-O-O three membered
ring, has been suggested as an intermediate for singlet oxygen
oxidation of trivalent phosphorus2-4 and for decomposition of
phosphite ozonide5 and bisphosphinic peroxides.6 However, it has
never been experimentally established with certainty thus far.7

Here we report the first isolation and structure of dioxaphosphirane
species, 12-P-6 phosphate5 bearing two Martin ligands and a
novel three-membered ring.

When 10-P-4 phosphoranide2a,8,9 potasium 3,3,3′,3′-tetrakis-
(trifluoromethyl)-1,1′-spirobi[3H,2,1λ5-benzoxaphosphoranide], [31P
(THF) δ + 32], was generated from P-H phosphorane1a [31P
(CDCl3) δ -45.8]9 with KH in THF in the presence of 18-crown-6
and subsequently exposed to the air with stirring at 0°C, a novel
compound5a (50%) was found to form and crystallized out of
the reaction mixture upon cooling, while 10-P-5 oxidophosphorane
6a (ca. 30%) remained in the solution (Scheme 1).1H, 13C, and
19F NMR showed spectra in agreement with a compound ofC2

or Cs symmetric structure that essentially did not change upon
lowering the NMR temperature, and the31P NMR signal ofδ
-121 was indicative of a hexacoordinate 12-P-6 compound5a.10

The aromatic proton (δ 7.75, dd,J ) 7.46, 14.16 Hz, 2H) ortho
to the phosphorus atom was found moderately shifted downfield,
suggestive of the presence of polarized bonds, i.e., O-P-O
bonds.11,12 Any presence of ring-opened form 10-P-5 peroxi-
dophosphoranes could not be observed by NMR. Furthermore,

spin polarization by19F NMR showed no sign of exchange
between the two pairs of CF3 groups, thus implying that the
compound is quite rigid.13

Out of three possible structures of5a, 5a′, and5a′′, 5a is most
probable but it is rather difficult to determine the structure based
on NMR (Scheme 2). X-ray crystallographic analysis determined
the structure to be5a. Compound5a is hexacoordinate bearing a
novel three-membered P(O2) ring as shown in Figure 1.14 The
molecule possesses approximateC2 symmetry with the two
aromatic carbon substituents trans and four oxygen atoms in the
same plane. This indicates that stereochemical change occurred
in the phosphoranide moiety from the original configuration in
which the two oxygen atoms were disposed trans in the
pseudoapical bond. The O-O bond length in5a (1.560(2) Å) is
almost the same as those for previously reported dioxiranes
[Mes2C(O2): 1.503 Å;15a F2C(O2): 1.578 Å15b].

Since the formation of5a still occurred upon screening the
reaction from light and also in the presence of a1O2 quencher,
the reacting O2 species is the ground state3O2 and not1O2. Thus,
the mechanism of the formation can be formulated as a stepwise
process as in Scheme 1. Single-electron transfer (SET) from the
phosphoranide2a to molecular oxygen generates a reactive pair
3a of phosphoranyl radical and superoxide anion in cage.
Immediate bond formation between the two gives rise to peroxi-
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Figure 1. ORTEP Drawing of5a without hydrogen atoms for clarity.
Selected ditances (Å) and angles (deg) for5a; P(1)-O(1), 1.745(1); P(1)-
O(2), 1.736(1); P(1)-C(1), 1.841(2); P(1)-C(10), 1.850(2); P(1)-O(3),
1.693(1); P(1)-O(4), 1.691(1); O(3)-O(4), 1.560(2); C(1)-P(1)-C(10),
171.8(1); O(3)-P(1)-O(4), 54.9(1); P(1)-O(4)-O(3), 62.6(1); P(1)-
O(3)-O(4), 62.5(1); O(1)-P(1)-O(2), 101.5(1); O(1)-P(1)-O(3),
101.7(1); O(2)-P(1)-O(4), 101.9(1); O(1)-P(1)-O(4), 156.5(1); O(2)-
P(1)-O(3), 156.8(1).
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dophosphorane4a. The fluxional nature of trigonal bipyramidal
compounds16 allows 4a to pseudorotate, ultimately giving a
phosphate5a. To obtain further insight on the mechanism of
dioxaphosphirane formation, diastereomeric analogues were
prepared. Phosphoranide2b (exo)prepared from phosphorane1b
(exo)9c (dr > 99:1) gave rise to the corresponding phosphates5b
(exo) (dr 97:3; 35%) and2c (endo)prepared from1c9c (endo)
(dr 1:>99) formed5c (endo)(dr 1:>99; 83%), respectively, with
complete retention of relative stereochemistry.17 This shows that
there is not any ring-opening of Martin ligand during the reaction.

The interconversion between5b (exo)and5c (endo)could not
be observed in solution (CH3CN) during a period of a few days
in an ambient environment, thus verifying the stereochemical
rigidity of the dioxaphosphiranes. Phosphate5a was found to be
quite stable in the solid state to ordinary room light as well as to
the air at ambient temperature for several months.

Here it should be understood why phosphate5a could be
isolated, because it is expected that5a oxidizes2a quickly in
solution. Actually,5a itself is unexpectedly stable toward2a at
room temperature, that is, a ca. 1:1 mixture of5a and2a (0.1 M
each in CD3CN) lead to less than half conversion to6a over 12
h. On the other hand,5a reacted instantaneously at ambient
temperature with Ph3P to give Ph3PdO and oxidophosphorane
6aquantitatively in acetonitrile.18 The difference is probably due
to steric hindrance and it is a lucky reason for the successful
isolation of5 bearing a dioxaphosphirane ring. Further study is
being continued.
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(17)5b (exo): 148 °C dec;1H NMR (CD3CN) δ 1.55 (s, 3H), 3.52 (s,
24H), 7.37 (dd,J ) 7.16, 7.61 Hz, 2H), 7.45 (dd,J ) 7.31, 5.94 Hz, 2H),
7.48 (bs, 2H), 7.75 (dd,J ) 7.46, 14.16 Hz, 2H);19F NMR (CD3CN) δ -74.56
(qq,4JFF ) 9.3,7JFF ) 5.0 Hz, 3F),-75.31 (q,4JFF ) 9.3 Hz, 3F),-78.66 (q,
7JFF ) 5.0 Hz, 3F);31P NMR (CD3CN) δ -123.2.5c (endo): 161°C dec;1H
NMR (CD3CN) δ 1.37 (s, 3H), 3.53 (s, 24H), 7.21-7.29 (m, 4H), 7.35 (m,
1H), 7.42 (bs, 1H), 7.55-7.70 (m, 2H);19F NMR (CD3CN) δ -74.14 (q,4JFF
) 9.3 Hz, 3F),-75.41 (q,4JFF ) 9.3 Hz, 3F),-79.55 (s, 3F);31P NMR
(CD3CN) δ -123.3.

(18)6a: mp 135°C; 1H NMR (CD3CN) δ 7.55-7.62 (m, 6H), 8.40 (m,
2H); 19F NMR (CD3CN) δ -74.42 (q,4JFF ) 8.8 Hz, 6F),-74.55 (q,4JFF )
8.8 Hz, 6F);31P NMR (CD3CN) δ -16.5.
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