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Abstract: An efficient synthesis of β-ketophosphonates from t-butyl
thioesters using the lithium anion of either methane- or ethane-
phosphonate is described. The elaboration of a range of substrates to
intermediates in natural product syntheses via the Horner Wadsworth
Emmons reaction is then discussed. 

In a recent synthesis of a model for the cytotoxic marine metabolite
octalactin A 1, we identified a key target 2 (Figure 1).1 Retrosynthetic
analysis of this compound led us to propose a stereocontrolled boron-
mediated anti aldol between t-butyl thiopropionate and a
1,7-difunctional aldehyde to set the C7-C8 stereochemistry. We were
then faced with the problem of how to extend the carbon backbone of
the resultant acyclic β-hydroxy thioester to give enone 3, an advanced
precursor to compound 2.

Fig. 1

Thioesters have been used as intermediates in a number of important
natural product syntheses. However, their elaboration has largely been
limited to the generation of carboxylic acids,2 esters,2f lactones,2f

aldehydes,3a and β-ketoamides.3 b The potential for the use of thioesters
in natural product synthesis has greatly increased recently due to a
number of developments in aldol methodology, where particularly
difficult aspects of stereocontrol have been tackled effectively. Chiral
boron reagents developed by Gennari,4 and Masamune5 have been
shown to give high levels of both diastereo- and enantio-control with
thioester substrates, resulting in the formation of anti aldol adducts in
>95% ds and >95% ee. Similarly, in the development of new chiral
Lewis acids for the catalytic asymmetric Mukaiyama acetate aldol
reaction, many authors have concentrated on the use of thioester
substrates.6 Thus, new methodology for their synthetic elaboration is
particularly important. 

The Horner Wadsworth Emmons (HWE) reaction between alkyl
phosphonates and aldehydes is frequently used for the synthesis of di-
and tri-substituted double bonds.7 a,b The development of a number of
mild conditions for the HWE reaction between β-ketophosphonates and
aldehydes,8 makes this reaction particularly suited to the synthesis of

complex natural products, where it has found use both in fragment
coupling,9 and macrocyclisation reactions.10 In a recent paper,11 Mosset
identified a number of distinct routes to the synthesis of β-

ketophosphonates. Of particular relevance to this work is the reaction of
α-carbanionic alkylphosphonates with a range of substrates including
aldehydes (followed by oxidation),11,12 carboxylic acid esters,9-11,13

carboxylic acid chlorides,11,14 N-methoxy-N-methylcarboxamides
(Weinreb amides),11,15 and 3-acylthiazolidine-2-thiones.11,10b In this
Letter, we report an extension of this strategy to the reaction of α-

carbanionic alkylphosphonates with a range of functionalised thioesters. 

We found that we could carry out a displacement reaction on t-butyl
thiopropionate using the lithiated anion of dimethyl ethanephosphonate
(Scheme 1), to give the β-ketophosphonate 4 in 76% yield. This was
then coupled to isovaleraldehyde using the mild activated barium
hydroxide HWE conditions of Paterson,8c to give trisubstituted enone
5,7c also in excellent yield (85%). When the displacement reaction was
carried out using the t-butyldiphenylsilyl protected anti aldol adduct 6,16

it was similarly successful, generating β-ketophosphonate 7 as a ~3:1
mixture of diastereomers in 73% yield.17 This could be converted via
the HWE reaction to enone 8 in 71% yield without epimerisation of the
anti stereochemistry derived from the aldol adduct.

This displacement reaction was then extended to a series of anti aldol
adducts 9, of the type required for the generation of enone 3 (Table 1).18

Although these reactions were initially conducted using t-BuLi in the
presence of DMPU (1 eq.) (Method A), we later discovered that
deprotonation by n-BuLi was equally effective, and that the addition of
DMPU was not required (Method B). In general, the best results were
obtained when the solution of the carbanion was added via cannula to a
precooled solution of the thioester. It was also noted that the anion
generated from dimethyl ethanephosphonate was considerably more
sluggish in its reactions than its diethyl counterpart and generally
required either a higher reaction temperature (-42 °C c.f. -78 °C), or
longer reaction times, for the reaction to proceed to completion. 
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From these results it can be seen that a range of protecting groups is
tolerated by these reaction conditions. Where the lithiated anion of
dimethyl methanephosphonate was used to generate β-ketophosphonate
10, a di-substituted double bond was generated by the HWE reaction
(Entry 4). The E-geometry of this double bond was confirmed by the 1H
nmr coupling constant (J = 15.8 Hz). As with aldol adduct 6, the
reactions of dialkyl ethanephosphonate anions with aldol adducts 9 were
found to produce a ~3:1 ratio of diastereomers 10, which were converted
to a single E-double bond geometry in the HWE reaction.7c 

We have used these conditions in the synthesis of enone 3 (P=P’=TBS,
Entry 6) which has subsequently been used in the construction of key
target 2.1 In order to demonstrate the general applicability of this
protocol we also chose to synthesise β-ketophosphonate 11, which has
been used by Pattenden as the C29-C35 section of the halichondramide
backbone (12, Scheme 2).9d Aldehyde 13 was generated through
monoprotection of butane-1,4-diol as its t-butyldimethylsilyl ether,19

followed by oxidation by o-iodoxybenzoic acid. Enolisation of t-butyl
thiopropionate with Et3N and cHex2BBr and reaction with aldehyde 13
generated the anti aldol adduct in 81% yield as a single diastereomer.
Subsequent methylation of the free hydroxyl was achieved using
Meerwein’s salt in the presence of Proton-Sponge® (Aldrich) to give
protected thioester 14. Phosphonate displacement was carried out using
two equivalents of the anion following the protocol described in Method
B.18 A previously unobserved minor impurity, formed by elimination of
methanol from β-ketophosphonate 11, was noted in the 1H nmr of the
crude reaction mixture. However, this impurity was found to be readily
separable by HPLC allowing the isolation of 11 in 64% yield.20 Thus
the synthesis was successfully completed giving (±)-11 in 5 steps with
an overall yield of 38%, which compares extremely favourably with the
earlier synthesis.

In conclusion, we have developed an efficient route for the conversion of
functionalised thioesters to β-ketophosphonates and we have
demonstrated the addition of these β-ketophosphonates to aldehydes
under mild Horner Wadsworth Emmons reaction conditions. This
protocol considerably extends the options available for the elaboration
of thioesters in natural product synthesis, as demonstrated by the
synthesis of enone 3 and β-ketophosphonate 11. 
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