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First isolation and characterization of 1,2-oxaphosphetanes
with three phenyl groups at the phosphorus atom in typical
Wittig reaction using cyclopropylidenetriphenylphosphorane
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Abstract—1,2-Oxaphosphetanes bearing three phenyl groups directly bound to the phosphorus atom were successfully isolated for
the first time as stable crystals in the typical Wittig reaction of cyclopropylidenetriphenylphosphorane with activated carbonyl com-
pounds. X-ray analysis of the oxaphosphetane showed that the phosphorus atom is at the center of a slightly distorted trigonal bipy-
ramidal structure. Thermal decomposition of these oxaphosphetanes was carried out to give the starting carbonyl compounds and
Wittig reaction products, olefins.
� 2005 Elsevier Ltd. All rights reserved.
R13P
R2

+

O
R3

R4

R3

R4R2

R13P O

P
O

R2

R1
R1 R1

R3

R4

P
O

R2

R1
R1 R1

R3

R4

+

1

2

3

4

5

6

Scheme 1.
The Wittig reaction is one of the most powerful methods
for the preparation of carbon–carbon double bonds and
is used as a key step in many natural product syntheses
due to stereoselective formation of the double bond.1

Because of its synthetic advantages, the stereoselectivity
and mechanism of the Wittig reaction have long been
studied. Earlier betaines 3 were believed to be the main
intermediates in typical Wittig reactions (Scheme 1).

In 1973, however, Vedejs and co-workers succeeded in
detection of only 1,2-oxaphosphetanes 4 at low temper-
ature by NMR spectroscopy during typical Wittig reac-
tions and observed that these intermediates decompose
readily upon warming to room temperature into alkenes
5 and phosphine oxides 6.2 On the other hand, several
stabilized, isolable oxaphosphetanes have been reported
along with their X-ray structures.3–10 Most of the previ-
ously reported stable oxaphosphetane structures contain
fluorine-bearing or bicyclic phosphole-type ligands
either at the phosphorus position or at the 4 position
in the oxaphosphetane ring. Recently, Berger and co-
workers studied Wittig reaction using 2-furylphenyl-
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phosphoranes 7 and found that 2-furyl groups on the
phosphorus atom increase thermal stabilities of
oxaphosphetanes and succeeded in isolation and deter-
mination of X-ray structure of tris(2-furyl) substituted
oxaphosphetane, the stability of which is attributed to
the electron-withdrawing properties of the 2-furyl
group.11,12

Although triphenylphosphoranes are usually used as the
most common reagents for typical Wittig reaction, only
a few stable P,P,P-triphenyloxaphosphetanes have been
isolated. However, a few isolated oxaphosphetanes
reported are unusual oxaphosphetanes 813 and 9,14
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Figure 1. ORTEP drawing of 13a.
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which were not determined by X-ray analysis, as shown
in Scheme 2.

We would like to report that for the first time we suc-
ceeded in isolation and determination of X-ray structure
of stable typical Wittig reaction intermediates P,P,P-tri-
phenyloxaphosphetanes 13 in the reaction of cyclopro-
pylidenetriphenylphosphorane 11 with dicarbonyl
compounds 12.

To a suspension of triphenylcyclopropylphosphonium
bromide 10 (3.84 g, 10 mmol) in THF at �12 �C was
added 30% potassium hydride (2.02 g, 15 mmol) and stir-
red for 30 min, then stirred for 20 h at room temperature.
To the resultant yellow solution was added 2.09 g of
methyl p-nitrobenzoylformate 12a and stirred at room
temperature for 2 h. The reaction mixture was poured
into methanol. The reaction mixture was chromato-
graphed over silica gel using benzene and ethyl acetate
as eluents to give an 1,2-oxaphosphetane 13a in 38% yield
along with methyl p-nitrobenzoate 14a (5%) and cyclo-
propyldiphenylphosphine oxide 14 (38%) (Scheme 3).

The structure of the oxaphosphetane 13a was deter-
mined by X-ray analysis as shown in Figure 1.15 The
phosphorus atom is at the center of a slightly distorted
trigonal bipyramidal structure, the angle between the
two apical positions and the phosphorus atom being
166.6�. The four-membered oxaphosphetane ring is in
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an apical equatorial position and is almost coplanar,
as its dihedral angle is 1.0�. 31P NMR spectrum of 13a
was observed around at �46.2 ppm, which is 31P chem-
ical shift regions typical for pentavalent phosphorus spe-
cies. 13C NMR spectrum of 13a in CDCl3 showed
equivalency of three phenyl groups, indicating fast rota-
tion of the groups attached to the phosphorus atom in
solution.16 At the present time, it is vague how methyl
p-nitrobenzoate 14a was formed.

The reaction of 11 with methyl bromobenzoylformate
12b gave the oxaphosphetane 13b (15%), methyl p-bro-
mobenzoate 14b (8%), and cyclopropyldiphenylphos-
phine oxide 15 (20%).

During recrystallization of 13a at room temperature
over a month, 13a decomposed to yellow phosphonium
salt 16a, almost quantitatively. The structure of the salt
16a was determined by X-ray analysis. The formation of
the salt 16a suggests that the oxaphosphetane slowly dis-
sociated at room temperature into the starting materials,
the phosphorane 11 and the ketoester 12a. The X-ray
structure of the starting cyclopropylidenephosphorane
11 reported that the angle between the bond P–C and
cyclopropyl ring is very close to that of the oxaphosphe-
tane 13a (Scheme 5).17
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Table 1. Ratios of methyl phenyloxoacetates 12a,b and olefins 17a,b
on the thermolysis of oxaphosphetanes 13a,b at several temperatures

Temperature (�C) 12/17 ratioa (total yield/%)a

13a 13b

80 68/32 (73) 53/47 (89)
90 60/40 (77) 49/51 (97)
100 37/63 (61) 45/55 (93)

a Determined by 1H NMR.
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The reaction of 11 with methyl benzoylformate, methyl
p-toluoylformate, methyl p-anisoylformate was carried
out, but in most cases, the starting materials were
recovered.

The reaction of 11 with p,p 0-dichlorobenzil 12c also gave
the corresponding oxaphosphetane 13c. However,
oxaphosphetanes were not obtained from benzil and a-
furil.

The reason for isolation of P,P,P-triphenyloxaphosphe-
tanes 13 seem to be attributed to high transition state
activation energy for process to olefins due to the prod-
uct being highly strained methylenecyclopropane 17.

Quantitative dissociation of 13a to the starting materials
11 and 12a on standing at room temperature prompts us
to study the thermolysis of the P,P,P-triphenyloxaphos-
phetanes 13a,b. Thermolysis of the oxaphosphetane
13a,b was carried out at several temperatures to give
the starting oxophenylacetates 12a,b, cyclopropyldiphen-
ylphosphine oxide 15, Wittig reaction products,
cyclopropylidenephenylacetate derivatives 17a,b, and
triphenylphosphine oxide as shown in Scheme 4 (Table
1).
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In conclusion, we have shown that, for the first time, we
succeeded in isolation of stable 1,2-oxaphosphetanes 13
bearing three phenyl groups directly bound to the phos-
phorus atom using cyclopropylidenetriphenyl–phospho-
rane 11 in Wittig reaction with some dicarbonyl
compounds 12a–c, and in determination of X-ray struc-
ture of 13a.
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