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Quantum chemical calculations showed that oxaphosphetes
with an equatorial oxygen atom may be intermediates in the
reaction of acetylenic derivatives and phosphine oxides with
electron-releasing substituent(s) on the phosphorus atom.

In previous studies it was found that the reaction of P-(2,4,6-
trialkylphenyl) cyclic phosphine oxides (1) with dimethyl acetyl-
enedicarboxylate (DMAD) afforded stabilised phosphonium
ylides 2 (Scheme 1).1

The products (2) with the 1,2-dihydrophosphole, 1,2,3,4-
tetrahydrophosphole and 1,2-dihydrophosphinine moiety were
presumably formed via the [2 � 2] cycloaddition of the P��O
group and the acetylenic moiety of DMAD to furnish 1,2-
oxaphosphetes (3) as the intermediates. In the beginning it was
assumed that the oxaphosphetes of type 3 formed by an entirely
new protocol may be stable species,2 but later on quantum
chemical calculations suggested that they are only inter-
mediates.1,3 

In fact, 1,2-oxaphosphetes are the unsaturated derivatives of
1,2-oxaphosphetanes which are the intermediates of the Wittig
reaction. Generally, the oxaphosphetanes can only be observed
at low temperatures.4 As unsaturated analogues, a stable 1,2-
thiaphosphete 5 and some intermediate 1,2-azaphosphetes 6,7

have also been described. In a recent case, the four-membered
ring species was found to equilibrate with the ring opened
form.8

Scheme 1

In this communication, the stability of the intermediates is
described. PM3 semiempirical calculations 9 that were found to
be particularly well suited to generate the geometrical data of
phosphorus-containing systems 10 showed that the spirocyclic
intermediates with an equatorial oxygen atom are more stable
than those with an apical oxygen atom. As exemplified by the
two forms of intermediate 4, the value of the heat of formation
is 41.3 kJ mol�1 higher for 41 than for 42 (Fig. 1) and both rings

occupy an apical-equatorial position, while the sterically
demanding P-aryl substituent is placed equatorially. The opti-
mum geometry in the trigonal bipyramid around the phos-
phorus atom, αaa = 180�, αee = 120�, while αea = 90�, is somewhat
distorted due to the rigid system. Species 41 and 42 seem to be
real intermediates as they are placed on minima of the potential
energy surface.

PM3 calculations showed that due to the increased instability
of oxaphosphete 41, the P–O bond cleavage is easier for this
species (41) with an apical oxygen atom, than for 42 with an
equatorial oxygen.

Fig. 1 Structure of intermediates 41 and 42 with selected bond angles
(�) obtained by the PM3 method. For 41: P2–O1–C4: 89.8, O1–C4–C3:
108.3, C4–C3–P2: 93.5, O1–P2–C5: 172.6, C1�–P2–C5: 96.8, C8–P2–C5:
92.4, C3–P2–C5: 104.8, C1�–P2–O1: 85.2, C8–P2–O1: 92.7, C3–P2–O1: 68.4,
C8–P2–C3: 108.6, C1�–P2–C3: 124.4, C1�–P2–C8: 121.1; for 42: P2–O1–C4:
95.0, O1–C4–C3: 106.8, C4–C3–P2: 88.5, C3–P2–C5: 162.6, C1�–P2–C5:
95.0, C8–P2–C5: 91.4, O1–P2–C5: 93.2, C1�–P2–C3: 95.1, C8–P2–C3: 93.2,
O1–P2–C3: 69.6, C8–P2–O1: 111.5, C1�–P2–O1: 117.8, C1�–P2–C8: 129.8.
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For oxaphosphete 5, again the species with an equatorial
oxygen atom proved to be more stable by PM3 semiempirical
calculation. The geometry of intermediate 5 was optimised by
the HF/6-31G* ab initio method.11 The data shown in Fig. 2
matched quite well (±1–5%) those obtained by the PM3 method.

It was found that, especially in the case of intermediates with
an axial oxygen atom, the conformation of the ortho-isopropyl
groups affects highly the stability of the oxaphosphetes. If
the geometry of the triisopropylphenyl group in isomer 42 is
adopted by species 41, the oxaphosphete cannot be an inter-
mediate, as according to the PM3 calculations, the four-
membered ring opens up immediately. This sensitivity of the
oxaphosphete ring with an apical oxygen atom (as e.g. in 41) is
attributed to steric factors. It can be seen that a minor struc-
tural modification in the conformation may determine if we
have an intermediate or a transition state.

In the above cases, the novel [2 � 2] cycloaddition reaction
between P-aryl phosphine oxides (1) and DMAD must have
been promoted by the presence of the electron-releasing trialkyl-
phenyl substituent on the phosphorus atom. The oxaphosphete
intermediates obtained in the reaction of cyclic phosphine
oxides 1 and DMAD are stabilised by the rupture of the P–O
bond to afford stabilised phosphonium ylides (2). The energy
gain is 33.5 kJ mol�1 for the ring opening of oxaphosphete 42

according to the PM3 calculations. The driving force for the
breaking of the P–O bond is the relief of the ring strain and the
delocalisation in product 2.

The most interesting finding was that even the interaction of
trimethylphosphine oxide and acetylene may lead to the form-
ation of an intermediate oxaphosphete (6). PM3 calculations
at least suggested a relatively stable 2,2,2-trimethyl-1,2-oxa-
phosphete intermediate (6), where the oxygen atom is in the
equatorial position. The stereostructure of oxaphosphete 6
together with relevant bond angles is shown in Fig. 3; the dis-
tortion of the optimum trigonal bipyramid is somewhat smaller
than in the previous cases (42 and 5).

The above theoretical results may indicate how to expand the
scope of the novel [2 � 2] cycloaddition reaction. The inter-
action of trialkylphosphine oxides and different acetylene
derivatives at elevated temperature and under pressure will also
be tested during the next stage of our project.

Fig. 2 Structure of intermediate 5 with selected bond angles (�)
obtained by the HF/6-31G* method. P2–O1–C4: 95.1, O1–C4–C3: 105.9,
C4–C3–P2: 88.0, C3–P2–C5: 159.1, C1�–P2–C5: 95.5, C9–P2–C5: 96.2, O1–
P2–C5: 88.3, C1�–P2–C3: 96.0, C9–P2–C3: 93.4, O1–P2–C3: 71.0, C9–P2–O1:
112.0, C1�–P2–O1: 128.3, C1�–P2–C9: 118.8.

Fig. 3 Structure of intermediate 6 with selected bond angles (�)
obtained by the HF/6-31G* method. P2–O1–C4: 94.6, O1–C4–C3: 105.7,
C4–C3–P2: 88.0, Ca–P2–C3: 158.4, Ca–P2–O1: 86.7, Ca–P2–Ce1: 96.2, Ca–
P2–Ce2: 96.2, C3–P2–O1: 71.7, C3–P2–Ce1: 96.0, C3–P2–Ce2: 96.0, Ce1–P2–
O1: 124.3, Ce2–P2–O1: 124.3, Ce1–P2–Ce2: 110.8.

To compare the experimental and the calculated structures at
the PM3 semiempirical level, calculations were performed on
the structure of 1,2-λ5-azaphosphete 7 (Fig. 4). Kano et al.8

recently published the results of an X-ray crystallographic
analysis for compound 7.

The calculated structural parameters show an acceptable
agreement with the experimentally obtained data for 1,2-λ5-
azaphosphete 7,8 which supports the application of the PM3
method for the calculation of analogous compounds.
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Fig. 4 Selected bond lengths (Å) and angles (�) for 1,2-λ5-azaphos-
phete 7 obtained by X-ray crystallographic analysis 8 and by the PM3
method (in parentheses): P2–N1: 2.170 (2.015), P2–C3: 1.815 (1.773),
C3–C4: 1.415 (1.400), C4–N1: 1.314 (1.351), P2–O: 1.676 (1.795), O–P2–
N1: 169.0 (169.8), C3–P2–N1: 66.8 (69.6), C4–C3–P2: 99.9 (96.1), N1–C4–
C3: 107.1 (105.4).
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