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Abstract: An efficient synthesis of-ketophosphonates fromabutyl complex natural products, where it has found use both in fragment
thioesters using the lithium anion of either methane- or ethanec—:oupling,9 and macrocyclisation reactiotSIn a recent papét: Mosset
phosphonate is described. The elaboration of a range of substratesidentified a number of distinct routes to the synthesis pef
intermediates in natural product synthesesthe Horner Wadsworth  ketophosphonates. Of particular relevance to this work is the reaction of
Emmons reaction is then discussed. a-carbanionic alkylphosphonates with a range of substrates including
aldehydes (followed by oxidatiod};2 carboxylic acid ester¥lL13

. . . ’14 " _ .
In a recent synthesis of a model for the cytotoxic marine metabolitg"’lrboxyllc acid _chlorides] N-methoxyN-methylcarboxamides

. . 1'15 _ . PRT] o . 'lob .
octalactin A1, we identified a key targét (Figure 1).1 Retrosynthetic (Weinreb amides},' and 3-acylthiazolidine-2-thionéS™ In this

. . Letter, we report an extension of this strategy to the reactiom of
analysis of this compound led us to propose a stereocontrolled boron- o ) ) . -
mediated anti aldol between t-butyl thiopropionate and a carbanionic alkylphosphonates with a range of functionalised thioesters.
1,7-difunctional aldehyde to set the-Cg stereochemistry. We were We found that we could carry out a displacement reactiotburtyl
then faced with the problem of how to extend the carbon backbone dfiopropionate using the lithiated anion of dimethyl ethanephosphonate
the resultant acyclig-hydroxy thioester to give enor® an advanced (Scheme 1), to give theB-ketophosphonatd in 76% yield. This was
precursor to compour then coupled to isovaleraldehyde using the mild activated barium
hydroxide HWE conditions of PatersBnio give trisubstituted enone
5,7¢ also in excellent yield (85%). When the displacement reaction was
carried out using thiebutyldiphenylsilyl protectednti aldol adducs,®
it was similarly successful, generatifigketophosphonat& as a ~3:1
mixture of diastereomers in 73% yieifl This could be converteda
the HWE reaction to enor&in 71% yield without epimerisation of the
anti stereochemistry derived from the aldol adduct.
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Thioesters have been used as intermediates in a number of importa TBDPSQ O
natural product syntheses. However, their elaboration has largely bee 4' F
limited to the generation of carboxylic acﬁmstersz,f Iactonesz,f 8

gldehyde?,a andB—ketoam|d§§.bThe potentlgl for the use of thioesters Scheme 1. Reagents: a) i. +-BuLi, DMPU, THF. 42 °C. 1 h; ii.
in natural product synthesis has greatly increased recently due to thioester, -78 °C, 4 h; b) isovaleraldehyde, activated Ba(OH),, THF
number of developments in aldol methodology, where particularly (aq.), rt, 6-8 h

difficult aspects of stereocontrol have been tackled effectively. Chiral

boron reagents developed by Genflasind Masamurfehave been

shown to give high levels of both diastereo- and enantio-control withrhis displacement reaction was then extended to a serei cdldol
thioester substrates, resulting in the formatiomnif aldol adducts in  agducts, of the type required for the generation of eniiEable 1).18
>95% ds and >95% ee. Similarly, in the development of new chirahjthough these reactions were initially conducted usiBuLi in the
Lewis acids for the catalytic asymmetric Mukaiyama acetate aldopresence of DMPU (1 eq.) (Method A), we later discovered that
reaction, many authors have concentrated on the use of thioesiggprotonation byr-BuLi was equally effective, and that the addition of
substrate§. Thus, new methodology for their synthetic elaboration isppmPU was not required (Method B). In general, the best results were
particularly important. obtained when the solution of the carbanion was asidecannula to a

The Horner Wadsworth Emmons (HWE) reaction between alkylprecooled solution of the thioester. It was also noted that the anion
phosphonates and aldehydes is frequently used for the synthesis of denerated from dimethyl ethanephosphonate was considerably more
and tri-substituted double bonf&P The development of a number of sluggish in its reactions than its diethyl counterpart and generally
mild conditions for the HWE reaction betwe@ketophosphonates and required either a higher reaction temperature (-42.fG78 °C), or
aldehyde$ makes this reaction particularly suited to the synthesis ofonger reaction times, for the reaction to proceed to completion.
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Table 1
o}
o ‘i(orz)2
oP O op' E OHC\)\ oP' O
R" : B
: R :
PMtBU P @/\l\"nAl)j\( OR, ___ . PW\)\
9 Method A or B R 10  Ba(OH), THF(aq) e
i, 6-8 h
Entry Method n R R" P P! T %Yield %Yield
10 HWE
1 A 3 Me Me TBS TBS -78°C 69 85
2 B 3 Et Me TBS TBS -78°C 85 91
3 B 3 Et Me PMB TBS -78 °C 86 96
4 B 5 Me H TBS TBS -78°C 84" 70
5 A 5 Me Me TBS TBDPS 42 °C 80 82
6 B 5 Et Me TBS TBS -78°C 04 85(3)
7 B 8 Eit Me TBS TBS -78 °C 04 88

* yield based on unrecovered starting material

Method A: i. +-BuLi, DMPU (1 eq.), THF, 1 h; ii. thioester, -78 °C or -42 °C, 4 h; Method B: i. n-BuLi, THF, 1 h; ii. add to thioester in

THF, -78°C, 4 h

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 B-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 anionswith 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.”®

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 B-ketophosphonate 11, which has
been used by Pattenden as the Cog.Css section of the halichondramide
backbone (12, Scheme 2).gd Aldehyde 13 was generated through
monoprotection of butane-1,4-diol as its t-butyldimethylsilyl ether,®
followed by oxidation by o-iodoxybenzoic acid. Enolisation of t-butyl
thiopropionate with EtsN and “Hex,BBr 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-Sp@ng@ldrich) to give
protected thioester 14. Phosphonate displacement was carried out using
two equivaents of the anion following the protocol described in Method
B.18A previously unobserved minor impurity, formed by elimination of
methanol from B-ketophosphonate 11, was noted in the IH nmr of the
crude reaction mixture. However, this impurity was found to be readily
separable by HPLC alowing the isolation of 11 in 64% yield.2° 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 devel oped an efficient route for the conversion of
functionalised thioesters to p-ketophosphonates and we have
demonstrated the addition of these B-ketophosphonates to adehydes
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 B-ketophosphonate 11.

OH OH O
Neron 2o Nepoms e
> “OH ; “OTBS ; "OTBS

Scheme 2. Reagents: a) i. NaH, THF, rt, 40 min; ii. TBDMSC], rt, 1 h
(89%); b) o-iodoxybenzoic acid (IBX), DMSO/THF, rt, 1 h (88%); ¢)
i. t-butyl thiopropionate, ‘Hex,BBr, Et;N, 0 °C, 2 h; ii. aldehyde 13,
0 °C, 2 h (81%); d) Me;OBF,, Proton—Sponge®, 0°C, 2 h (94%); e) i.
(EtO),P(O)Me, n-BuLi, THF, -78 °C, 1 h; ii. thioester 14, -78 °C, 1 h
(64%)
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Aldol adduct 6 was prepared in two steps from t-butyl
thiopropionate and hexanal, as shown below:

o) HO o] O
a b H
H‘\StBu ; W\H‘\stsu g W\I)‘\steu
6

a) i. LDA, -78 °C, 1 h; TMSCI, -78 °C — rt, 1 h; ii. hexanal,
BF;.0Et, -78 °C, 1 h (86%); b) TBDPSCI, DMF, imidazole, t,
24 h (77%)

In this and subsequent reactions, the relative stereochemistry a to
the phosphonate was not determined.

Typical procedure for Method B: to a solution of diethyl
ethanephosphonate (5.84 g, 35.11 mmol) in THF (20 ml) was
added n-BuLi (1.54 M solution in hexanes, 22.80 ml, 35.11 mmol)
dropwise at -78 °C under an atmosphere of argon. After stirring
for 50 min at -78 °C the light yellow solution was transferred via
cannulainto a solution of thioester 9 (Entry 6, 4.02 g, 7.98 mmol)
in THF (15 ml) at -78 °C and the resulting solution was stirred for
afurther 50 min before carefully pouring onto a saturated agueous
solution of NH4Cl (150 ml). The mixture was extracted with
CH,Cl,, washed with brine, dried (MgSO,) and the volatiles
removed under reduced pressure. Purification of the crude
material by flash chromatography with hexane/EtOAc (3:2) as
eluent afforded the B-ketophosphonate 10 (Entry 6) as a clear ail
4.23 g (94%).

10 (P=P=TBS, n=5), 3.3:1 mixture of diastereomers: IR (neat)
1712, 1251 cm'}; H NMR (200 MHz, CDCl3) 4.26-4.06 (4H, m,
P(OCH,CHg),), 4.02-3.95 (0.23H, m, CHOTBS), 3.94-3.84
(0.77H, m, CHOTBS), 3.63 (2H, t, J = 6.4 Hz, CH,OTBS), 3.55-
2.98 (2H, m, CHC(O) and CHP(0O)), 1.65-1.20 (13H, m, CH, x 5,
CH(CHg)P(0)), 1.37 (6H, t, J = 7.1 Hz, CH,CH3 x 2), 1.15 (0.7H,
d, J = 7.3 Hz, CH(OTBS)CHCHg), 1.02 (2.3H, d, J= 6.6 Hz,
CH(OTBS)CHCH3), 0.93 (9H, s, C(CHg)3), 0.90 (2.1H, s,
C(CHg)3), 0.89 (6.9H, s, C(CH3)3), 0.08 (6H, s, SiCH5), 0.07
(3.7H, SICHg), 0.00 (2.3H, SICHg); °C NMR (629 MHz,
CDCl3) major diastereomer 209.1 (d, 2Jp.c = 3.6 Hz), 74.7, 63.07,
62.3 (2C, d, 2Jp.c = 6.7 Hz), 50.7, 48.2 (d, \Jp.c = 25.5 Hz), 33.4,
32.7,29.6, 25.9 (3C), 25.8, 25.7 (3C), 22.8, 18.2, 17.8, 16.2 (2C),
12.4, 104 (d, 2pc = 5.7 Hz), -45, -4.8, -5.4 (2C), minor
diastereomer 208.9 (d, 2Jp.c = 4.5 Hz), 73.1, 63.14, 62.3 (2C, d,
2Jp.c = 6.7 HZ), 50.3, 45.0 (d, Wp.c = 28.6 Hz), 33.4, 32.7, 29.6,
259 (3C), 25.8, 25.7 (3C), 24,5, 18.2, 17.9, 16.2 (2C), 12.3, 114
(d, 2pc = 6.9 Hz), -4.7, -4.8, -5.4 (2C); FABMS 581 (24%,
[M+H]"), 523 (100), 449 (78), 279 (99).
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