Pergamon

Tetrahedron Letters 42 (2001) 125-128

TETRAHEDRON
LETTERS

The solid phase synthesis of unsymmetrical phosphinic acids

Philip B. Cox,* Vincent M. Loh, Jr., Claude Monteils, Anthony D. Baxter and E. Andrew Boyd

Discovery Division, Oxford Asymmetry International plc, 111 Milton Park, Milton, Abingdon, Oxon OX14 4RX, UK
Received 29 August 2000; accepted 26 October 2000

Abstract—This letter describes a method for the synthesis of unsymmetrical phosphinic acids by the phosphinylation of a
resin-bound aldehyde and subsequent ‘P’ alkylation. This synthetic transformation is very difficult to perform as selectively in
solution and therefore further exemplifies the powerful nature of solid phase organic chemistry (SPOC). © 2000 Published by

Elsevier Science Ltd.

It is now firmly recognised that solid phase organic
chemistry (SPOC) is a powerful tool for the high
throughput synthesis of broad structural classes of
chemical libraries for use in high throughput screening
programmes— generally the start of the drug discovery
process. Since the pioneering work of Merrifield in the
early 1960s, the use of solid phase chemistry remained
largely confined to peptide synthesis until the early
1990s when the emergence of combinatorial chemistry
prompted a solid phase chemistry renaissance.! This
technology has now evolved to an extent where a
plethora of chemistries can be performed on solid
supports.?

Of the many advantages that SPOC presents, one of the
most useful facets of this technology is the ability to
produce unsymmetrical compounds, very selectively,
from symmetrical substrates; something that is often
very difficult to achieve in solution. We have recently
taken advantage of this to synthesise the dihydropte-
ridinone heterocycles® and, more recently, for the as-
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sembly of a range of novel unsymmetrical phosphinic
acids.

The phosphinic acid motif is an important constituent
of both biologically active natural products** and phar-
maceuticals, for example fosinopril and fosinoprilat (a
phosphinate ester) are used in the clinical management
of hypertension.*® Phosphinic acids have been the sub-
ject of a number of syntheses in the literature in recent
years, both in solution®® and on solid phase.®® Our
strategy for the assembly of these compounds relied on
the clean addition of the symmetrical reagent BTSP 1
to the electrophilic resin 2 to produce the immobilised
phosphinic acids 3 (Scheme 1). Further alkylation, this
time with the electrophile in solution, and cleavage off
resin, should facilitate the formation of the desired
unsymmetrical phosphinic acid 4. This strategy is often
very difficult to implement in solution,>® as the initial
phosphorylation with BTSP often leads to undesired
dimerization; the formation of the symmetrical bis-sub-
stituted phosphinic acid 5.
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Table 1.
Entry Phosphinic Acid Products E* % Purity, Yield 5P NMR
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To test this hypothesis we focussed on the addition of
BTSP to resin-bound aryl aldehydes. Thus as a model,
4-formyl benzoic acid 6 was coupled up to both Wang®
resin and a functionalised Ameba’ resin under standard
conditions. The aldehyde was then treated with a solu-
tion of BTSP in DCM overnight (Scheme 2).

Cleavage of the resin bound phosphinic acid 8 at this
stage with TFA revealed that clean addition to the
aldehyde had occurred to give the required products 9.
In order to extend the scope of this chemistry, by
introducing a further point of diversity into the molecule,
we focussed on performing ‘P’ alkylation with a variety
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of electrophiles to form a new phosphorus—carbon
bond; thereby producing the required bis-substituted
unsymmetrical phosphinic acids 10. Thus, nucleophilic
addition to aldehydes and o,B-unsaturated ketones led
to the formation of the desired alcohols 11 (entries 2
and 9, Table 1) with the products formed, in each case,
as a 1:1 mixture of diastereomers. Nucleophilic addition
to o,B-unsaturated esters, and allylation, worked very
well to supply the desired Michael adducts (entries 3
and 7, Table 1) and allyl phosphinic acid (entry 5,
Table 1), respectively.® The possibility of using other
formyl-carboxylate containing building blocks was also
explored using rather more sophisticated heterobiaryl
carboxy-aldehyde building blocks (Scheme 3).

Thus the carboxy-aldehyde 12 was coupled to a func-
tionalised Ameba resin to give the resin-bound alde-
hyde 13. To this was added BTSP, as a solution in
DCM, and the suspension stirred at room temperature
overnight. Cleavage at this stage (80% TFA/DCM)
revealed that clean addition to the aldehyde had oc-
curred to form the phosphinic acid 15 (95% yield, 100%
purity by LCMS, integration at 215 nm). Further func-
tionalisation was then performed by treating the resin-
bound phosphinic acid 14 with a solution of allyl
bromide and BSA in DCM overnight to give the immo-
bilised bis-substituted phosphinic acid 16. Cleavage of
the product off resin (80% TFA/DCM) and analysis by
LCMS and NMR revealed that the desired unsymmet-
rical phosphinic acid 17 was produced very cleanly
(95% vyield, 100% purity by LC-MS, integration at
215 nm).

In conclusion, we have demonstrated that it is possible
to use SPOC to synthesise novel unsymmetrical mono
and bis-substituted unsymmetrical phosphinic acids
very selectively, something that is generally very
difficult to perform in solution.
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9. General experimental procedure for the formation of the
resin-bound unsymmetrical bis-substituted phosphinic
acid: The resin-bound mono-substituted phosphinic acid
was pre-swollen in a minimum volume of degassed DCM.
BSA (20 equiv.) was added under Ar, and the mixture
agitated for 2 h. The electrophile (20 equiv.) was added to

the mixture, which was then agitated for a further 16 h.
The reaction was then filtered and washed with equal
volumes of DCM, methanol, DCM, methanol, DCM and
ether. The resin was then dried in a stream of air for 15
min. A sample of resin was cleaved with 80% TFA in
DCM for 0.5 h.



