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Abstract: Protected primary phosphine oxides may be obtained by
reaction of ethyl (diethoxyalkyl)phosphinates with organometallic
reagents. These products, stable to chromatography or distillation,
may be further elaborated into new, functional unsymmetrical sec-
ondary and tertiary phosphine oxides. A close analogue of muscar-
inic antagonists has been prepared using this methodology.
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We have previously reported1 the synthesis of phosphinic
acid synthons 12 and demonstrated their application in the
preparation of novel α, β and γ - amino phosphinic acids.
Such molecules are close analogues of natural amino ac-
ids, and as such have potentially useful biological proper-
ties. In addition to novel therapeutic agents,3 such
phosphinic acids have found application as tools for prob-
ing receptor sub-types.4 The strategy, Scheme 1, relies on
the use of the diethoxy - methyl (R = H) or - ethyl function
(R = CH3)  as a P-H protecting group; selective transfor-
mations are performed on the exposed P-H.  Functional
group modifications can then be optionally performed on
group R1, thereafter a deprotection step regenerates a P-H
function which can be further derivatised as required.

Scheme 1

Whilst the biological properties of phosphinic acids are by
now well documented, that of phosphine oxides remains
relatively unexplored. This could well be due to the fact
that no general method exists for the synthesis of highly
functional, unsymmetrical phosphine oxides. We have
now developed such a method by converting synthons 1
into phosphine oxide synthons and report our findings
here.

The reaction of dialkyl phosphites with organometallic re-
agents has been described. Hays5 demonstrated that sym-
metrical secondary phosphine oxides can be obtained
from the reaction of diethyl phosphite with three equiva-
lents of alkyl Grignard reagent, followed by acidic work-
up.

We reasoned that synthons 1 might undergo a similar re-
action, using only two equivalents of organometallic re-
agent. Thus reaction of 1 (R= H, CH3) with two
equivalents of Grignard or organolithium reagent 6 leads
to phosphine oxides 2 in good to excellent yields (Table).
The acetal or ketal functionality is stable under the reac-
tion conditions. The formation of unwanted by-products
(EtO)2C(R)-P(O)(R1)2 can be minimised by inverse addi-
tion of the organometallic reagent to the phosphinates 1,
Scheme 2.

Scheme 2
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Compounds 2 can be viewed as protected primary phos-
phine oxides. Primary phosphine oxides are known to be
unstable and decompose via disproportionation . Buckler7

reported that either in solution or in the solid state, prima-
ry phosphine oxides decompose into primary phosphines
and phosphinic acids. However, such protected species 2
are stable and may be isolated by chromatography or dis-
tillation.

Phosphine oxides 2 can be further elaborated via P-H
chemistry. For example 2d undergoes alkylation leading
to compounds 3; these tertiary phosphine oxides can in
turn be deprotected under acidic conditions yielding sec-
ondary phosphine oxides 4, Scheme 3.

Scheme 3

We next sought to apply this methodology to prepare nov-
el phosphine oxides with potentially interesting biological
properties. A number of interesting secondary and tertiary
alcohols were identified as targets, where the C-OH could
be mimicked by a P=O functionality. Hexahydro-sila-
diphenidol 5 is a potent anticholinergic agent which ex-
hibits selective antagonism to muscarinic receptors.8 The
carbon analogue 6 shows a different selectivity profile to
receptor sub-types, Scheme 4. 

Scheme 4

The synthesis of the phosphine oxide analogue 7 is shown
below, Scheme 5. Reaction of cyclohexyl (diethoxymeth-
yl)phosphine oxide 2i with bromobenzene under palladi-
um catalysis gave the tertiary phosphine oxide 8 in good
yield. Acid deprotection liberated the P-H function for the
Michael addition to ethyl acrylate to give 9. Elaboration of
the ester function via reduction to the alcohol, tosylation
and displacement with piperidine gave the target molecule
7 as a racemic mixture. 

Scheme 5

We have developed a synthesis of stable, protected prima-
ry phosphine oxides. These synthons can be elaborated
using straightforward transformations into functional, un-
symmetrical phosphine oxides of potential biological in-
terest.
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