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summary: st- tml in the carbonyl reductions of the titled compounds leads to a variety of hydroxylated 
spimketals. Reductive cleavage leads to tetrahy~yrans with complete stereocontml over 7 stereogenic centers. 

1,7-Dioxaspiro[5S]undecanes have been recognized as key substructures of seveml biologically bqortant 

metabolites for some time.1 More ncently, these sphoketals have been utilixed as templates for stereospecific 

synthesis of cumpounds which do not contain oxygen heterocycles. A key strategy has emerged Finn several 

laboratories, most notably those of heland. in which a spimketal is produced, manipulated and then fully 

hydrolyzed to give open &sin compounds containing a protected carbonyl and two hydroxyls. Our own 

appmaches in this m utilize a multiple equilibration shategy to pmduce highly functionaGed and 

stere&iffexentiated spimketals in three-step processes. 3 We wish to report the tiuctive manipulation of such 
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compounds to give 4.lOdihydmxy-3,5,9,1l-tetramethyl-l,7-dioxaspim[5.5]undecanes (2) and the stereospecific 

reductive cleavage of these to give highly substituted tetrahydropyrans (3). 

We have qorted the synthesis of spiroketals 3a and 3e in three steps from 3-pentanone and 3-alkoxy-2- 

methylpropanal using a tandem aldol process4 and a multiple equilibration as key ttansfotmations to establish 5 

stereocenters in a single process. Reduction of the all-equatorial methyl isomer 3e with LiBH(s-Bu)g in THF at 

low temperature produces the dio14 as the sole product in 97% yield (Scheme 1). No isome& diols were observed 

spectroscopically in the crude reaction product. The stereospecificity of the transformation is not surprising, given 

the high selectivities for producing axial alcohols that is characteristic of this reagent. Reduction to the diequatorial 

diol was anticipated to be more problematic because few nagents pmvide this type of selectivity with complete 

stereocontrol. Clearly. we must have a completely stenospecific method because any stereochemical leakage to the 

axial alcohol could be expected to be multiplied in a symmetrical difim&onal substrate. Evans has qxnted a very 

promising result in the reduction of a functional&d Coxo-1,7-dioxaspim[5.5]undecan~ using SmI2 in 

isopropanol, a variant of the classical Meerwein-Verley-Pondorff reagent. However, this reagent failed to reduce 
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our substrates, returning starting material in high yield. It was found that treatment of 3e with potassium in liquid 

NH3 using methanol as a proton source resulted in stereospecific reduction to the diequanxial dio15 in 94% yield. 

Again. no other isomers were observed. Reductions of the isomerlc spimketal3a provided somewhat surprising 

results. Reduction with K/NH3 gave rise to the all-equatorially-substituted spiroketal5. We have found that 3a 

can be quantitatively converted to k by treamnt with NaOMe/MeOH. Presumably, equilibration of 3a to 3e is 

occurring prior to reduction. This is not unexpected, considering the strongly basic conditions of 

Scheme 1. Reductions of 3, 5,9, 1 l-Tetramethyl-l,7dioxaspiro[5.5]undecane-4,lOdiones 
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metal-ammonia reductions. More sutprising was that reduction of 3a with LiBH(s-Bu)g in THF resulted in the 

diaxial dio16 in which one methyl group had epimerlmde We have observed this phenomenon with LiBH(s-Bu)g 

previously in a 3-substituted camphor system, perhaps indicating the result of a kinetic epimerixation.7 However, 

we cannot account for the high specificity with this substrate. In any case, the spiroketals 3n and 3e can be cleanly 

doubly-reduced to stereochemically complementary diols in high yield. 

The reductive cleavage of these diols to tetrahydmpyrans can be accomplished without protection of the 

hydroxyl groups (Scheme 2). Treatment of 5 with Et@I-I / TiClq in CH$l2 at low temperature followed by 

stirring with TsOH to desilylate any derlvatixed hydmxyls provided the tetmhydmpyran 7 as the sole product in 

72% yield. The isomeric substrate 4 provided an analogous result, giving rise to the isomeric system 9 in 76% 

yield. Rresumably, the Lewis acid promotes opening of the system to an oxenium cation (14) which is axially 

reduced to give the observed products. Both 4 and 5 may also be mductlvely cleaved, forming a new carbon- 

carbon bond in the process. Treatment of 4 or 5 with allyltrlmethylsilane and TiC4 at low temperanne provides the 

axially allylated teuahydropyrans 10 and 8 respectively in good yields. 

In the cases of 4 and 5. cleavage of either spiro C-O bond leads to the same product. Reductive cleavage of 

the unsymmetrical spiroketal 11 can lead to two diffemnt spimketals, depending on which C-O bond is broken. 

One might expect that the C-O bond in the ring with an axial methyl group (bond x in 11) would be cleaved to an 

oxenium ion faster than bond y due to relief of steric strain as the transition state is approached. When 11 is 

treated with Et$iH / TiCb the two spiroketals I2 and 13 were produced in a 2.2 : 1 ratio confiig this 
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Scheme 2. Reductive Cleavage of Substituted 1,7-Dioxaspiro[5.5]undcu1nes 

OH 

’ Et$GH, TiQ4, CH&12, -78 - -20 PC; b allyltrimethylsilane,TiC&, C!H.&lZ, -78 - -20 PC, 
all mctions followed by stirring with pTsOH in aq THF to desilylatc pariially silylatcd alcohols. 
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prediction. This result indicates that them will be predictable control in the cleavage of unsymmetrical substrates. 

Finally, we have found that the related silicon reagent trimethylsilyl cyanide (TMSCN) can also reductively 

cleave a spimketal with incorporation of a one carbon fragment at the erstwhile spiro carbon. Tmtment of 4 with 

OH 

% 
OH A 

TMSCN / TiC& 
c 

CHzClz / -78 OC 
followed by desilylation 

with pTsOH / THF 

TMSCN / Tic4 in CH$l2 at low temperature provides a single temhydropyran, assigned the axial cyan0 structure 

16 by analogy with previous results. 

To summarize, 4,1Odioxo-3,5,9,1l-tetramethyl-1,7-dioxaspiro[5.5]undecanes (1) exhibit high and diverse 

stemqe&city in their carbonyl reduction reaciions. The resulting diols may be mductively cleaved with a variety 

of reagents to give highly functionalized and stcrtocomplementary tetrahydqyrans in good yield. Fmther results 

in this area will be forthcoming. 
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