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Starting from (E,E)-1-[(1R)-(phenylethyl)oxy]-2-methylpenta-

1,3-diene and triethylsilyl enol ether of butanone rapid access

to Koert’s advanced C10–C28 polyketide fragment of apopto-

lidin A is now possible.

Apoptolidin A (1) isolated from Nocardiopsis sp.1 and natural

analogues B (2) and C(3)2 are among the most interesting leads for

cancer chemotherapy3 as they induce apoptosis selectively in

cancer cells (Fig. 1).4

Successful total synthesis of 1 has been achieved by the groups

of Nicolaou5 and Koert.6 Syntheses of apoptolidinone A, the

aglycone of 1, were reported by the groups of Sulikowsky,7

Crimmins,8 Nicolaou5 and Koert.9 In addition, several studies on

the synthesis of fragments of apoptolidinones have been

reported.10,11 Previously in our group, a very short synthesis of

Nicolaou’s intermediate C1–C11 fragment of 1 was published,12

applying our one-pot four-component synthesis of polyfunctional

sulfones.13 Recently, we demonstrated that polypropionate stereo-

triads can be generated in one-pot operations according to

Scheme 1.14 This method permitted the short synthesis of

rifamycin S15 and baconipyrones.16 We now present a short

synthesis of Koert’s C16–C28 fragment (13)6c of apoptolidinone A

applying our new organic chemistry of sulfur dioxide (Scheme 2).

The enantiomerically enriched (97% ee) diene 417 (derived from

inexpensive (R)-1-phenylethanol) and silyl ethers 5 (1 : 1 E : Z

mixture)18 were added to a premixed solution of (CF3SO2)2NH in

SO2–CH2Cl2 (5 : 1) cooled to 278 uC. After stirring overnight at

this temperature a b,c-unsaturated silyl sulfinate formed. The

reaction is believed to imply first a diastereoselective hetero-Diels–

Alder addition of SO2 to diene 4 giving a sultine intermediate, then

the latter is heterolyzed into a zwitterionic intermediate reacting

with enoxysilane 5 (see Scheme 1) that produces the b,c-unsatu-

rated silyl sulfinate. After recovery of the solvent (SO2 and

CH2Cl2) by evaporation at low temperature, in situ alcoholysis

liberated a b,c-unsaturated sulfinic acid that underwent stereo-

selective retro-ene elimination of SO2 affording the stereotriad 6

(a,b,c-syn,anti) and its anti/anti diastereoisomer as a 4 : 1 mixture.

a-Hydroxylation of methyl ketone 6 (crude 4 : 1 mixture) was

achieved by dimethyl(tert-butyl)silyl enol ether formation and

subsequent Rubottom oxidation19 giving 7. The a-silyloxyketone 7

underwent Mukaiyama aldol coupling with aldehyde 820 produ-

cing alkene 9 in 73% yield with 2,4,5-anti,syn relative configuration

as expected by the Evans polar model.21 Ozonolysis of alkene 9

provided the corresponding aldehyde which was treated under

Brown allylation conditions.22 The resulting homoallylic alcohol

was equilibrated with the hemiacetal 10. The relative configuration

of the tetrahydropyran moiety of 10 was confirmed by its 2D 1H

NMR NOESY spectrum and typical coupling constants between

vicinal protons.23 Acidic treatment of hemiacetal 10 (HCl–MeOH,

50 uC) led to desilylation, debenzylation and Fischer glycosidation

giving the corresponding methyl pyranoside which was not

isolated. Careful treatment of the resulting triol with Ac2O–

pyridine (0 to 20 uC) acetylated selectively the acyclic 1,2-diol

moiety affording diacetate 11. The cyclohexanol moiety was then

silylated into silyl ether 12 under standard conditions. Sharpless

asymmetric dihydroxylation24 of the terminal alkene moiety of 12
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Fig. 1 Structure of apoptolidins.

Scheme 1 Reaction cascade involving C–C-bond formation between

electron-rich 1,3-dienes and alkenes via umpolung with sulfur dioxide, and

stereoselective retro-ene elimination of SO2: one-pot synthesis of

polyfunctional stereotriads.
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using (DHQD)2PYR ligand25 furnished a 4.5 : 1 mixture of the

corresponding 1,2-diol. Selective monomethylation of the crude

mixture using MeI–Ag2O
26 afforded a mixture (4.5 : 1) of alcohol

13 (68%) and its C27-epimer which can be separated by flash

column chromatography on silica gel. Pleasingly, spectral data of

alcohol 1327 were identical to those reported by Koert and co-

workers for this compound.6c

The rapid access of this advanced fragment of apoptolidin A is

made possible by the utilisation of our one-pot reaction cascade

giving rise to functionally rich stereotriads. These quickly accessible

intermediates contain both an alkyl ketone on one terminus,

allowing for aldol couplings, and an alkene on the other which can

readily be converted to other functionalities for chain expansion.

Our synthesis of the alcohol 13, key intermediate used for the total

synthesis of apoptolidin A,6c starts from inexpensive diene 4 and

enoxysilane 5 and requires only nine steps, thus making the

shortest synthesis of the C16–C28 fragment reported to date. The

method developed should enable us to prepare several analogues

of biological interest.
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