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Acyclic diastereoselection of 1,3-relative centers is a 
topic of great interest1 and has important implication in 
the synthesis of polyether and macrolide antibiotics.2 
Impressive progress has been made in special cases such 
as in the conversion of metal-chelated j3-hydroxyl ketones 
to 1,3-diol  derivative^.^ However, high levels of asym- 
metric induction are less documented for substrates 
which do not involve metal-chelated c~mplexes.~ Geo- 
metrical constraints imposed by intramolecular cycliza- 
tion reactions provide attractive means to control the 
newly-formed asymmetric centers in the process of ring 
as~embly,~ and acyclic stereocontrol would then result if 
the temporary ring can be subsequently elaborated. 

We describe here a new approach employing rigid five- 
membered ring systems for diastereoselective constitu- 
tion of stereocenters via intramolecular SN' reactions. It 
was presumed that enolates 1 would undergo O-displace- 
ment6 with the formation of enol ethers 2 which, after 
simple hydrolysis, would afford hemiacetals 3 or y-hy- 
droxy ketones 4 with resulting stereocontrol of remote 
stereogenic centers (Scheme 1). 

We were initially intrigued with the possibility of 
stereoselective formation of bicyclic enol ether 7a via 
intramolecular SN' displacements (Scheme 2). In fact, 
treatment of cyclohexanone derivative 5l with potassium 
hydride gave a single isomer of vinyl ether product 7a 
which was similarly obtained from trans olefin 6.7 Thus, 
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the olefin geometry of the starting materials has little 
influence on the resulting stereochemistry of the final 
product. The preference for 0- rather than C-alkylation, 
which derives from stereoelectronic considerations, has 
been well documented for the process of five-membered 
ring formations.s 

Molecular modeling studiesg were performed to eluci- 
date the nature of these results. In assessing the 
contribution of various transition states, we have chosen 
early transition state structures in which the new bond 
formation is stereodetennining (Scheme 3). In structures 
5b and 6b, there are strong 1,3-interactions between 
phenyl and vinyl groups regardless of the geometry of 
the double bond. Therefore, the preferred transition 
states are Sa and 6a in which the vinyl group is oriented 
away from the phenyl during the five-membered ring 
formation, thus leading to an efficient 1,3-diastereose- 
lection. 

An interesting feature of this enolate approach to 
bicyclic systems is that the ketone alkylation and cyclic 
vinyl ether formation can be carried out in a one-pot 
operation (Scheme 4). For example,1° the treatment of 
2-phenylcyclohexanone (loa) with potassium hydride1' 
and subsequent reaction with 1,4-dibromo-tram-2-b~tene'~ 
gave the anticipated vinyl ether 7a. Reaction of this 
unsymmetric ketone 10a with the first equivalent of 
potassium hydride produces predominantly thermody- 
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namic enolate l la ,  monoalkylation of which with dibro- 
mide 12 then occurs to give ketone 6. The second 
equivalent of base converts 6 to intermediate 6a, which 
then reacts intramolecularly to afford bicyclic ether 7a. 

The results in Table 1 show that this new method is 
versatile and efficient for the preparation of a variety of 
cyclic vinyl ethers 7, hemiacetals 8, and y-hydroxy ketone 
derivatives 9. Vinyl ethers 7 can be purified by flash 
chromatography but can be directly subjected to aqueous 
hydrolysis to give hemiacetals 8 which can be either 
isolated or converted without isolation to y-hydroxy 
ketones 9 by a reported pr0~edure.l~ Enolization of 
2-aZkyZ-su bstituted  cyclohexanone^^^ produces a mixture 
of thermodynamic enolates (entries 1-3),11 but the more 
substituted enolate is presumably more reactive toward 
bromide 12. Further reaction of the resulting intermedi- 
ates gives enol ethers which are readily hydrolyzed to 
8b-f, respectively, in the process of silica gel chromato- 
graphic purification. The decreased yield of 2-&alkylated 
compound from 2-methoxycyclohexanone enolate is at- 
tributed to nonregioselective alkylation (entry 4), but 7e 
has been cleanly converted to 2,4-&dkoxy ketone deriva- 

tives 8e and 9e. The successful preparation of 8f and 9f 
in high yields (entry 5) further broadens the utility of 
this method to 2-thio-substituted ketones. 

The stereochemistry of compound 8d (Table 1) was 
determined by single-crystal X-ray difEa~tometry,'~ which 
clearly shows that the vinyl and 4-methoxybenzyl groups 
are on opposite faces of the five-membered furan ring. 
The stereochemistry of the products 8a-c and 8e,f was 
assigned by comparative analysis of lH and 13C NMR 
spectra, and thus the observed 1,3-diastereocontrol is 
consistent with our original proposal for the cyclization. 

The method reported here has proven to be successful 
for the preparation of 2-alkyl-2-(2-acetoxy-3-butenyl)- 
cyclohexanones in terms of its simplicity and its attain- 
ment of uniformly high diastereoselectivity. In fact, this 
transformation allows for the stereoselective construction 
of 1,3-relative acyclic centers and provides functionalities 
for further elaboration to more complicated molecules. 
We are actively pursuing the extension of this method 
to other cyclic or acyclic ketone systems, as well as to 
the synthesis of macrolides.16 
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