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Abstract

On treatment of the Me;Si-functional 1,3,205k5—dioxaphospholane (1) with boron trichloride the novel mixed boric—phosphinic acid
ester (3b) of perfluoropinacol is formed in a ring-opening reaction, instead of the expected mixed anhydride (3a) with pentacovalent

phosphorus. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Trimethylsiloxy-substituted phosphoranes have been
synthesized first by Cavell et al. [1] and then by Ramirez
et al. [2] by addition of hexamethyldisiloxane to (CF;);PO
or in the reaction of spirobis-catecholchlorophosphorane
with trimethylsilanol, respectively. The reaction of hexa-
fluoroacetone with Me,P-O-SiMe; was found to afford the
trimethylsiloxy phosphorane A (= 1) (X = OSiMe3) [3]
(see Scheme 1). Such compounds, involving pentacoordi-
nate phosphorus and containing trimethylsiloxy groups, are
versatile starting materials for the synthesis of functiona-
lized phosphoranes as shown by us before [3]. In addition to
chloro, fluoro, amino, methoxy and azido derivatives A even
anhydrides of acids with pentacoordinated phosphorus,
e.g. B [4], have been synthesized using this method. All
these compounds are derived from hexafluoroacetone, the
inorganic chemistry of which has been reviewed by Roesky
and coworkers [5].

Few anhydrides of pentacovalent phosphorus acids are
known [6,7]. On oxidation of 1,2-dimethyl-1,2-diphospho-
lane by tetrachloro-o-benzoquinone the anhydride C
was obtained [8]. Allcock et al. [9] reported compounds
related to B containing 6°A’P-NH-cA’P bridges instead
of 6°A°P—0-c°A°P units. Mixed anhydrides between
acids of trivalent phosphorus and boric acid, e.g.
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Me, B(O-P(CF;),);_, (n = 0-2) were synthesized by Burg
and Basi in the 1960ies [10,11].

2. Results and discussion

In analogy with the formation of the anhydride (2a)
according to (Eq. (1) (see Scheme 2) we expected the
reaction of 1 with boron trichloride in a 3:1 stoichiometric
ratio to give the mixed anhydride 3a of 1,3,2(55 s -dioxapho-
spholane-2-ol with pentacovalent phosphorus and boric acid
(Eq. (3) in Scheme 2). The product 3b thus obtained showed
the correct elemental analysis and the mass spectrum
displayed a peak for the molecular ion at m/e = 1238, as
expected for 3a. However, the 'P{'H} NMR spectrum
revealed a singlet at P = 61.2 ppm in a shift range typical
of phosphinic acid westers R,P(=0)OR’ [12]. For the
starting material 1 and the related methoxyphosphorane
A(X =OMe) with pentacoordinated phosphorus JP
values of —2.0 and —8.5 ppm were observed. The JP value
of the reaction product thus indicated that the phospholane
ring system was opened during the reaction, the mixed
boric—phosphinic acid ester (3b) of 2,3-bis(trifluoromethyl)-
1,1,1,4,4,4-hexafluoro-2,3-butanediol (perfluoropinacol)
being formed.

This interpretation of the 3' P NMR shift of 3b is supported
by the observation of two resonances for the CF; groups at
OF = —68.6 and —70.0 ppm in the '’F NMR spectrum. In
the case of a phosphorane structure 3a of the reaction
product only one '°F NMR resonance would be expected,
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since the four CF; groups are equivalent on the NMR time
scale due to rapid intramolecular ligand exchange processes.
This was demonstrated for the compounds of type A
(X = (1, F, NMe,, N3, OMe) and the starting compound 1
[3], all of which show only one resonance for the CF; groups
in the "F NMR spectrum at ambient temperature. For the
fluoro and chloro derivatives of type A, however, two reso-
nances are observed at —80 °C in the '°’F NMR spectrum.

The reaction of 1 with BCl;, apparently, proceeds in an
analogous manner as the hydrolysis of 1 (Eq. (2) in
Scheme 2) which did not give the expected hypothetical
hydroxyphosphorane D (Scheme 2), but rather, the phos-
phinic ester (2b) with an open-chain structure comparable to
that of its boric acid ester derivative (3b). This is strongly
supported by the almost identical OF values for the CFj
groups in both compounds (2b: 6F =— 68.5 and —70.0 ppm)
and the similar OF values in different solvents (2b: 61.5
(ethanol) [13], 68.5 (CHCI;) [3], 3b: 61.2 ppm). The struc-
ture of 2b has been proved by X-ray structural analysis [13]
showing a dimeric arrangement with strong O—H---O
hydrogen bridges between the two molecules.

3. Experimental

3.1. General

9F NMR and *P{'H} NMR spectra were recorded
on a JEOL C 60 HL and Varian XL 100 spectrometer,

respectively, mass spectra on a Varian MAT 311 A instrument.
Compound 1 was prepared according to the literature [3].

3.2. Synthesis of 3b

To a solution of 3.14 g (6.5 mmol) of 1 in 15 ml of
dichloromethane, placed in a glass ampoule, 0.25g
(2.1 mmol) of boron trichloride were condensed at liquid
nitrogen temperature. The ampoule was sealed and kept at
ambient temperature for 24 h. Thereafter, the ampoule was
opened, the reaction mixture was transfered to a Schlenk
flask, and the solvent was removed in vacuo. The solid
obtained (2.2 g; 88% yield) was recrystallized from dichlo-
romethane yielding 1.8 g of colourless crystals.

3b: C24H18BF3609P3 (123808) MS mle 1238, Anal.
Calcd.: C, 23.28; H, 1.46; F, 55.24; P, 7.50. Found: C,
23.53; H, 1.53; F, 55.00: P, 7.30%. '"H NMR (CD,Cl,)
1.26, 2.73 (m); *'P NMR (CD,CL) ¢ 61.2; YF NMR
(CD,Cl,) 6 —68.6, —70.0.
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