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We have been engaged in the development of a new methodology in natural product synthesis by using 

cyclitols as chiral smning mate&da, and have demonstrated their versatility in the synthesis of several natural 

products.1 The key featum of this approach resides in the n&x~lcctivity in the Baeyer-Villiger zaction of 

~lyh~x~~~~x~ dcrivativcs,I which effectively transfers an array of &hi&al centers in cyclitols into 

the stereogenie centers of acyclic or hctcrocyclic compounds. Them have been numerous data on Bacyet- 

Villiger rcaction~ of unsymmctrlcal ketones, establishing the relative migratory aptitudes of alkyl and aryl 

groups in the reaction. However. s*y on the reaction of polyhydmxycyclohexanone derivatives possessing 

oxygen or other functionalities at u-carbons arc limital, I.3 and the migratory prefcmzt& of such substitu~ 

carbon5 is still beyond *ction.*v4 ht ader to expand the scope of our methodology, we undertook a study 

toc~thcgovemingfaczortoconmtltheregioseltctivity. ~~lC~,~~b~~~~~~~ 

cxpctiments fu a sciics d ~~~ ~1~~~1~ dCl-iV&W. 

The subareas l+ in Table Y*& WCS synthesized by the KX oxidation of the cormsponding alcohols~ 

whichintumwztep&aircdfromanaturallyocqrtin g uptically active cyclitol. LquMtil.' 

These aubsttates were subjtcad to Bacyer-Villigcr naction~ with m-‘chloropcrhentic acid (mCPBA}, 

and the nsults am summarized in Table 1. Reaction of ketones having a methyl at a and an ether or a kctal 

oxygen at a’ p&ion f.rq S-4) always af&rdtd the products in which the carbon bearing the oxygen atom had 

migrated. The ngloisomcri c products could not be ckte.cted id the crude m&ion mix&m. Reaction did not 

proceed foa the ketone possessing a carbonate, more e~~n-~~~~ng than e&r and ketal functions (run 

5). 
On tho other hand, in the case of ket?s having an ether and a kctal oxygen at adjacent carbons to 

carbonyl (run G-P), the ether-bear@ carbons migratedin preference to those beating kctal oxygen. LD run 8 

and $!? @ p&ucts, Fmcmbd lactottes (17,.18 and 22). wcm unstable to the purifictttion with silica gel, so 

that the crude lactoncs were converted into ring-opened products for isolation. Interestingly, the migratoq 

apti& of a ~nzyl~y-substitu~ carbon is gmater than that of a metboxy-substirured carbon (run 10). The 

carbon having a ketal oxygen, even though a rather poor migrator (vi& sups), however, takes part in the 

migration in preference to a methylene (run 11) and a carbon with an acyloxy group (run 12). 
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Table 1. Baeyer-Villager F&action of Sdsfiiufed Cy~bhexanones~ 

Run Ketone Time/h 

1 

2 

3 

4 

5 

6 

7’1 

0 

1 

0 

0 

0 

0 

0 

0 

0 
Mao.. 

2 

3 

3 

4 

2 

1 

3 

2 

PrOdUCt 

(yield /?qb’ 

0 

No reactkd) 
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10 

11 

12 

a)AllmwtianswaecarricdcmtatmommmprPaneinrhepresumx of mCPBA (3 tqniv) and KHco3 (3 cqoiv). b) 
lsolatedyieklaf&!xsilicage~~y. c)Norc~ couldbedctcctedintheuudecwtionmixkurebylH 
NMRmmlysis. d)PSwisldscwrpwrMadIhcpruductdurin.g~c . .whichlowmtdtbcisowed 
yield, was obscwal. e) StStingketlxIe was lrunwcd ““p”d Prolonged-~l1)wingexcemmCPBA(20 
tquiv)mdKHCQ(2Oeq&~resuledinthedsconrpothuofthckemne. f)6eq1ivofnKFBAradKHCD3wc1e1twd 
g)ThiscanpoMdcouldnotbc~~datoitsinstabilityamardsilicagcl~y. h)biNMRmmlysisof 
thecrudercsctMnlaixaarlvcJedtbe~oof17gdldis4.5:1. i)ThccrudcracWnmixturewastrrplodwilh1) 
CH(OMeh. pTsOH in MeOH, 5 =C. 2) TMgCHN2, MeOH. Chwwgm@c m afforckd rhe pmt ring-opened 
pmduct(s). J~ThiswIKiobiIbeda9rrsingle-. The-isayatC(L)hasnotbccll- 

The st~ctllres of the 7-membered &tones am nicely deducible by comparing their II-I NMR spectra with 

those of the starting ketones; for example, in compound 5 and 6, the methine proton attached to the carbon 

bearing a methyl group was observed at 6 2.84 in ketone !l and at 6 2.56 in the product 6, whereas the proton 

attached to the carbon possessing a ketal oxygen was observed at 6 4.57 in 5 and 6 597 in 6. The remarkable 

downfield shift of the methine proton of the carbon with a ketal oxygen clearly suggests the insertion of an 

oxygen between C(1) and C(2) of the ketone 5. 

It is known that the migratory aptitude in Baeyer-Villiger reaction is attributed to electronic and 

conf~ational factors? and the preferential migration occurs for the groups which can best support a positive 

charge by inductive effect or hypexconbgation. provi&d that no special ccmformational factors a~ involv~2 

It was suggested that the electronic effect is predominant in the substituted cyclohexanone system examined in 

this study, since the observed n+selectivity appears to be affected not by the configuration of the substrates, 

but the kind of substituents on the a-carbon. The inductive effect fails to account for the observed 

regioselectivity considering the lower migratory ability of methyl-substituted carbons compared to the oxygen- 

substituted ones.9 A possible rationale is that the lone pair electrons on the oxygen attached to the a-carbon 

play an important role for directing migration. This view is consistent with the migratq aend of the oxygen- 

substituted carbons (ether > ketal > ester), suggesting that the n-elcetron density on the oxygen atom attached 
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to the adjacent carbon to thp carbonyl is of significance. DecmaseintheItgiose~vityobstmdinrun8 

indicates that w conformational factor is important in some cases.*0 The results presented hue as well as 

previous studylab show that the migratory aptitudes of substituted carbons adjacent to the carbony in the 

polyhydroxycyclohcxanone system &: a carbon possessing benzyloxy > methoxy r lcetal oxygen >> acyloxy 

- methyl > hydrogen. 

In summary, ngioselectivities observed in Baeyer-Villiger reactions of polyhydroxycy+bexanoncuMnes 

derived from L-quebrachitol ate tepated. The optically pure 7-membened lactov, thus ob,tainad. are useful 

cbiral building blocks for natural product synthesis and, more importantly, it would be now possible to design 

polyhydroxycyclohexanone derivatives which undergo regioselective Baeyer-Villiger tea&on. 
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