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Synthesis of the First Stable Pentaco-Ordinate
1,2-Thiaphosphetene

TAKAYUKI KAWASHIMA, TOMONORIIIJIMA,
HIRONOBU KIKUCHI and RENJI OKAZAKI

Department of Chemistry, Graduate School of Science, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

Pentacoordinate 1,2-thiaphosphetenes bearing the Martin ligand were synthesized by the
reaction of the corresponding phosphorus ylide with isothiocyanates. Their mass and NMR
spectral data showed that they have 1:2 adducts of the phosphorus ylide and isothiocyanates,
which have a distorted trigonal bipyramid with oxygen and sulfur atoms at the apical posi-
tions. Thermolysis of the phenyl isothiocyanate adduct gave the corresponding cyclic thio-
phosphinate as a phosphorus-containing product in almost quantitative yield.

Keywords: pentacoordinate 1; 2-thiaphosphetenes; Wittig reaction; the Martin ligand; ther-
molysis

INTRODUCTION

In the course of our study on heteracyclobutanes l ' 1 ' bearing highly

coordinate main group elements at the position adjacent to the

heteroatom we have reported the syntheses and isolation of

intermediates of the Wittig and Peterson-type reactions.'2' We also

reported the synthesis of pentacoordinate 1,2-azaphosphetidines 2, i.e.,

intermediates of the Wittig reaction with Schiff s bases, and the first

observation of their C-apical //-equatorial pseudorotamers.'lcJ On the

other hand, Erker and coworkers reported the first observation of

pentacoordinate l,2-thiaphosphetane3, i.e., an intermediate of the
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Wittig reaction of a phosphorus ylide with thiobenzophenone, and its

unique reactivity. t3' From our interest in the synthesis and isolation of

such species we studied the generation and reactions of the phosphorus

ylide 4 bearing the Martin ligand. In its reaction with an isothiocyanate

we succeeded in the synthesis of the first stable 1,2-thiaphosphetene

5.14' Here we wish to report the results.

1
X= P, Si", Ge'. Sn",

S.Se
Y= O. NPh

F3QXF3

Ph
Ph

RESULTS AND DISCUSSION

The phosphorus ylide 4 having the Martin ligand,'5' which was

prepared by acid-catalyzed cyclization of phosphine oxide 6 ' l b ' with 3.1

equiv of trifluoromethanesulfonic acid in Et2O, followed by

deprotonation of the resulting phosphonium salt 7 with 5.0 equiv of

2,4,6-trimethylphenyllithium (MesLi), was allowed to react with excess

benzophenone in THF to give the corresponding pentacoordinate 1,2-

oxaphosphetane 8'"1' in 72% yield. Similarly, the reactions with

phenyl and 1-naphthyl isothiocyanates gave the corresponding 1,2-

thiaphosphctenes 5 a'6' and 5 b as 1:2 adducts of 4 with isothiocyanates

isothiocyanates in 28% and 11% yields, respectively. In the 31P NMR
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spectra the signals were observed at 5 -40.7 and -39.9, respectively,

indicating that they have a pentacoordinate phosphorus. Low filed shift

was observed for the ortho-proton of the Martin ligand of 5a ,b ,

supporting that they have a trigonal bipyramid structure with oxygen

and sulfur atoms at the apical positions.

OH 3.1eqCF3SO3H
CH3

O
6(5P47.2)

5 a: Ar= Ph
b: Ar= 1-Naphthyl

Since the monitor of thermolysis of 5a by 3 1P NMR spectroscopy

showed almost quantitative formation of the corresponding cyclic

thiophosphinate 9, instead of the cyclic phosphinite 11 which would be

formed via a decomposition pathway similar to that reported by Erker

and coworkers,'3' it is likely that 5a has the Wittig-type reactivity,

although the product 10 without a phosphorus has not been identified

yet.

5a
c^-toluene

90 "C, 33 h NHPh

10
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