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Abstract: Addition of lithiated y-pyrones to p-alkoxy aldehydes followed by acid catalyzed spiroketalization
m‘}-'minn & rapid efficient entry to functionalized hydroxylated spiroketals, The e_ffwmn_cv of g_h_e snirpkatalization step

ndepmdcntoathcmbmm particularly unprotectedhydroxyls on the chain whxchwcomwﬂ:esecondnngof
the spiroketal. © 1998 Elsevier Science Ltd. All rights reserved.
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biological interest.! The most common synthetic approach to spiroketals has been through the intramoiecular
ketalization of the fully elaborated dihydroxyketones in which the acyclic stereogenicity dictates the
configuration of the anomeric center.2 However, the conformational rigidity and thermodynamic stability of
spiroketals also create the possibility for the use of the spiroketal scaffold as a template for stereocontrol.3-5 An
efficient approach to spiroketals with appropriate functionality for further elaboration would be of substantial
utility in the construction of highly substituted spiroketals. We have previously demonstrated that the cyclization
of hydroxy pyrones, prepared by the addition of the lithium acetylide of methoxybutenyne to lactones, provides

into gniroketal enones 6 In the search for an even more direct annrg;_lgh the addition of
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metalated pyrones to B-alkoxy aldehydes followed by acid catalyzed cyclization of the hydmxy pyrones has been
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tigated as a method for the construction of mgniy ranciy 1ZEQ SPITOKEial subunits
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Metalation of 2,6-dimethylpyrone with LDA,7 followed by addition of g-alkoxy aldehyde 1 (Scheme 1)
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gave the pyrone 28 in 58% yield, however, attempts to effect cyclization of the hydroxy pyrone 3 to the
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spiroketal 4 met with limited success even after exiended exposure to acid. The
cyclization was attributed to the free hydroxyl in 3 which was thought to stabilize the open chain pyrone through
extended hydrogen bonding. In an effort to reduce the intramolecular hydrogen bonding and improve the
spiroketalization, pyrone 6 was constructed from the homologous aldehyde § and the free hydroxyl was
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protected to give the TIPS ether 7 as shown in Scheme 2. When the THP protecting group was removed from
pyrone 7 the cyclization occurred more readily providing spiroketal 9 in 50% yield for two steps accompanied
by 45% of the hydroxypyrone.® The pyrone and spiroketal are readily separated by chromatography to allow
easy recycling of the unreacted pyrone.
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Conditions: (a) LDA, THF, -78°C; (b) TIPSOTf, CH2Cl; (c) MeOH, PPTS; (d) CF3CO2H, CgHe.

Similarly, 2-methyl-y-pyrone 10 (prepared from Meldrum's Acid)® was deprotonated with LIN(SiMe3);
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followed by addition of aldehyde Sa to afford the pyrone 11 in good yieid. Protection of the secondary
hydroxyl as before, followed by removal of the THP and acid catalyzed cyclization provided the spiroenone 12
in good overall yield. The spiroenone 12 was further functionalized by copper catalyzed addition of vinyl
magnesium bromide to the enone with excellent stereoselectivity (95:5 d.s.).> The allyl group apparently
functions to restrict attack from the axial face of the enone resulting in predominantly equatorial addition.
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An important feature of the pyrone approach is the potential for carbon-carbon bond formation at each of
the two methvl srouns of 2. ﬁ-dlrnrthvlnvmnc To accomplish the chain extension, the pyrone 14 (Schemc 4)

IV VYA MRSy A BV wp Y VR S A 482 duLLallipadall BIb LUl ball

was lithiated with LDA and exposed to aldehyde 15 affording a good yield of the pyrone 16 after protection of
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in¢ seconaary nyur()xy as a TIPS ether. Subs sequenti reimoval o1 UiC rivan ©
hydroxypyrone 17 which was cyclized under the usual conditions to give spiroketals 18a,b.
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systems failed because of competing conjugate addition of the base to the pyrone. Due to the inability 10
efficiently metalate 2-isopropyl-y-pyrone without competing conjugate addition of the base to the 6-position of
the pyrone, an alternate approach to the synthesis of the more highly substituted spiroketal building blocks was
undertaken (Scheme 5). Rather than starting with the pyrone, a pyrone precursor 20 was constructed from
ketone 19. Ketone 19 was prepared from 1-methoxy-1-butene-3-yne by addition of the acetylide (n-BuLi,
THF, -78° C) to isobutyric anhydride.10 The ketone 19 was readily converted to its silyl enol ether by exposure
to chlorotrimethylsilane and triethylamine.!! A Lewis acid catalyzed condensation!2 of silyl enol ether 20 with
f-alkoxy aldehydes was then investigated. Treatment of a mixture of 20 and the aldehyde 21 with TiCly at

-78°C gave the acetylenic ketone 22 which was converted to the ketopyrone 23 and subsequently cyclized to the
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spiroketial Z4 in excelient yield. The spiroketal 24 or a similar variant could serve as the key building block for

Scheme §
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Conditions: (a) n-Buli, THF, [(CH3)2CHCO2]00, -78°C; (b) TMSCI, EtaN; (c) TiCly, CH2Clp, -78°C; (d) (COCI)2,

DMSO, Et3N, CHxCl2; (e) K2COg, MeOH; (f) 5% HF, CHaCN; (g) ClaCCO2H, CgHg
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somewhat iess efficient than direct addition of metalated pyrones, but provides access to more highiy
susbstituted spiroketals in good overall yields. The application of this general approach to the preparation of
spiroketal fragments for a variety of hydroxylated spiroketal fragments found in natural products is currently in
progress.
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