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Abstract—Upon treatment with LDA or alkyllithium, enantiomers of P-chiral phosphinates, phosphinothioates, phosphinoami-
dates, thionophosphinates, thionophosphinothioates and thionophosphinoamidates undergo clean [1,3]- and [1,2]-rearrangements
with complete stereoselectivity, with retention of configuration at phosphorus, to provide functionalised tertiary phosphine oxides
and phosphine sulfides; the [1,2]-rearrangements of the phosphinoamidates are previously unrecorded. © 2001 Elsevier Science
Ltd. All rights reserved.

Displacement of halogen from (RP)- and (SP)-tert-
butylphenylphosphinobromidates1,2 and tert-butyl-
phenylthionophosphinochloridates2 by heteroatom
nucleophiles is completely stereoselective in leading to
aryl phosphinates, phosphinothioates and the corre-
sponding thionophosphorus compounds.2 These prod-
ucts are amenable to an intramolecular rearrangement
first described for the conversion of a diethyl aryl
phosphate to diethyl o-hydroxyarylphosphonate
(Scheme 1) by treatment with LDA in THF (Scheme
1).3 The [1,3]-rearrangement proceeds via heteroatom-
facilitated ortho-lithiation and thermodynamically-
driven rearrangement to the less basic aryloxide. Chiral
1,3,2-oxazaphospholidine oxides derived from ephe-
drine rearrange with strict retention of configuration at
phosphorus.4 Similarly, P-chiral o-phosphonic phenols
and analogues are obtained from (aryl-

oxy)phospholidines, (aryloxy)phosphates and analogues
bearing chiral ligands attached to phosphorus.5 In these
special cases, it may be argued that retention of
configuration at phosphorus is under control of chiral-
ity in the attached ligands. Phosphorodiamidothioates6

and dialkyl thiophosphates7 derived from thiophenol
rearrange in the presence of alkyllithium or LDA. The
analogous rearrangement of enol phosphates derived
from ketones to b-ketophosphonates has also been
examined.8

Unlike the foregoing examples,4,5 our P-chiral phosphi-
nates and related compounds1,2 do not have chirality in
the attached ligands. It is therefore of interest to exam-
ine just how stereoselective this rearrangement is at
phosphorus in the absence of any ‘external’ chiral control
element. More particularly we wish to acquire enan-

Scheme 1.
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tiomers of the rearrangement products, b-hydroxy- and
b-mercaptoarylphosphine oxides and sulfides as ligands
for asymmetric catalysis. Accordingly, each of the
compounds2 of Table 1 (0.2–1 mmol) in THF (1 mL)
were added to an excess of LDA (from 2.5 M n-butyl-
lithium in hexane and equivalent N,N-diisopropy-
lamine), or n-butyllithium, under nitrogen at −78°C,
and stirred for 30 min to 12 h. Warming to room
temperature was required for some substrates. The
b-functionalised tertiary phosphine oxides 1–8 are ob-
tained in moderate to excellent yields.

The rearrangement is completely stereoselective and
proceeds with strict retention of configuration, as indi-
cated by X-ray crystallography of selected products9

and 1H NMR (300 MHz) spectroscopy admixed with
(Sp)-tert-butylphosphinothioic acid.1 The 2-naphthyl
phosphinate (entry 3) provides a mixture of products 2
and 3 from which the major isomer 2 is isolated by
fractional recrystallisation; HPLC of the mother liquors
enables the minor isomer to be isolated. Rearrangement
of O-2-naphthyl phosphate10 and O-2-naphthyl
phospholidine5b also provides predominantly the 3-sub-

Table 1. Base-induced rearrangement of phosphinates, phosphinothiolates and phosphinoamidates
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Table 2. Base-induced rearrangement of thionophosphinothiolates and thionophosphinoamidates

stituted product. The rearrangements of the BINOL
bisphosphinates are noteworthy. The (SP,R,SP)-BINOL
bisphosphinate (entry 3) gives the 3,3%-bisphosphine
oxide 4, which possesses both axial chirality and chiral-
ity at phosphorus. The 94:6 mixture of the (RP,R,SP)-
and (RP,R,RP)-BINOL bisphosphinates2 (entry 4) gives
only 5 arising via rearrangement of the (RP,R,SP)-bis-
phosphinate. The racemic enol phosphinate (entry 6)
gives the ketophosphine oxide 7; relative configuration
was confirmed by X-ray crystallography. The pyrrole
phosphinoamidate rearranged rapidly to the 2-pyrrolo
phosphine oxide 8 (entry 7). A [1,2]-shift of this kind
has not been reported previously.

Rearrangements of the thionophosphinates were
difficult to induce. Thus the phenyl thionophosphinate
(entry 1, Table 2) was unaffected by LDA, n- or
sec-butyllithium. Although use of tert-butyllithium was
only partially successful in providing 9, attempts to
improve the yield by using base combinations—e.g.
tert-butyllithium/potassium tert-butoxide—were un-
successful. In line with mechanistic considerations (cf.
Scheme 1), the thionophosphinate group is less effective
in inducing ortho-metallation than is phosphinate.
However, metallation by halogen–metal exchange, as
in treatment of O-2-bromopyridyl thionophosphinate
(entry 2) with n-butyllithium, results in smooth rear-
rangement to 10. This observation is consistent with
Buono’s findings.5d

In contrast, direct metallation of the thionophosphi-
noamidate (entry 3) is obviously facile, as rearrange-
ment to 11 proceeds easily. X-Ray structural analysis of
11 reveals that configuration at phosphorus is retained.9

As in the case of the phosphinoamidate of entry 7,
Table 1, the rearrangement is new. Because of ring
strain, a TBP intermediate leading to 8 or 11 is unlikely
to be involved, as proposed for the [1,3]-rearrangements
by Buono.5a o-Lithiation is directed by the dipolar
phosphine oxide group, and this group becomes coordi-
nated with lithium at the ortho position (cf. Scheme 1);
indeed it is not possible to locate an energy minimum
for that conformer with the phosphine oxide group
directed away from lithium.11 Migration with retention

of configuration of the phosphinyl group corresponds
to ‘equatorial’ addition syn to the phosphine oxide at
phosphorus to generate a putative three-membered aza-
phosphirane intermediate; this will undergo fast ring
opening via ‘equatorial’ elimination, rather than permu-
tational isomerism. The homogeneity of the stereo-
chemical outcome of the [1,2]- and [1,3]-shifts also
suggests that the latter proceed via a related pathway;
that is, permutational isomerism is not involved.

In conclusion, the rearrangement of P-chiral phosphi-
nates, phosphinothiolates, phosphinoamidates and their
thionophosphorous analogues bearing achiral sub-
stituents is completely stereoselective, and has synthetic
importance in providing access to multifunctional
chelating P-chiral phosphine oxides and phosphine
sulfides. Use of these products as ligands in catalytic
asymmetric reactions will be reported elsewhere.
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