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Summary: New methodology to prepare highly oxygen- 
ated cyclohexenylsulfones by regioselective /3-elimination 
of (phenylsulfonyl)-7-oxabicyclo[2.2.1] heptane derivatives 
has been developed, and ita application to the total syn- 
thesis of carba-a-DL-glucopyranose is described. 

7-Oxanorbornenic derivatives are useful intermediates 
in syntheses of molecules of biological interest.2 The key 
step in many of the efforts in this area is the cleavage of 
the oxygen bridge under basic? reductive: or acidics 
conditions. However, most of these methods fail in some 
cases: and thus this bridge opening step remains a current 
problem. 

A few years ago we reported a regiospecifk synthesis of 
substituted cyclohexenediols from 7-oxanorbornen-2-ols 
and organolithium reagents? Subsequently, we developed 
fully regiocontrolled methodology toward either regioi- 
somer via vinyl sulfones A and C (Scheme I) to produce 
hydroxycyclohexenyl sulfones B and D.8 While some R 
groups (-CH=CH2) may be readily transformed into 
oxygenated functionalities, we sought a more direct route 
to introduce an oxygen-centered nucleophile in order to 
increase the scope of the methodology (synthesis of cy- 
clitols, pseudosugars, etc.). Unfortunately, a number of 
attempts to carry out the direct SN2' bridge cleavage using 
oxygen and nitrogen nucleophiles were unsuccessful. 

At this stage we envisioned that deprotonation and 
subsequent ,%elimination of a readily availableg bicyclic 
sulfone such as E, in which the sulfone functionality is 
flanked by two ethereal oxygens at  the fl and 8' positions, 
could proceed selectively toward F due to the strained 
character of the oxygen bridge.'O In this report we disclose 
our preliminary results in this field and the application 
of this strain-directed process to the total synthesis of 
carba-a-DL-glucopyranose.ll 

Regio- and stereospecific sulfenolactonization of 7-oxa- 
bicyclo[2.2.1]hept-5-ene-2-endo-carboxylic acid lgJ2 fol- 
lowed by reduction with LAH afforded diol 2 in excellent 
yieldls (Scheme 11). Protection as a bis-(tert-butyldi- 
methylsilyl) ether followed by oxidation with magnesium 
monoperoxyphthalate (MMPP) yielded the desired model 
bicyclic sulfone 3. Strain-directed &elimination was then 
achieved by deprotonation with 1.5 equiv of n-BuLi in 
toluene, using freshly distilled TMEDA (20%) as a co- 
solvent, at -78 "C to give 5. It should be pointed out that 
the use of the toluene-TMEDA system is crucial for the 
success of the reaction.14 The challenging desulfonyla- 
t i ~ n ' ~  of highly oxygenated vinyl sulfone 5 was then ad- 
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"Key: (a) (1) PhSC1, CHC13, 0 "C to rt, 48 h, 82%; (2) LAH, 
THF, 0 "C, 1 h, 90%; (b) TBDMSC1, imidazole, DMF, rt, 48 h, 
95% (for 3) or BnC1, KOH, dioxane, A, 3 h, 90% (for 4); (c) 
MMPP, MeOH, 0 "C, overnight, (95% for 3, 97% for 4); (d) 1.5 
equiv n-BuLi, Tol/TMEDA, -78 "C, 2 h, 80% (for 5) or 3 equiv of 
n-BuLi, Tol/TMEDA/CH2C12, -78 OC, 15 min, 90% (for 6); (e) 
(Me0)2CH2, p-TsOH, CH2C12, 3A MS, A, 36 h, 88%; (f') Na(Hg), 
MeOH, Na2HP04, -20 OC to rt, 4 h, 75%; (9) (1) Os04, Me,NO, 
acetone/H20, rt, overnight, 95%; (2) BF3.0Et2, EtSH, rt, over- 
night, 90%. 

dressed, and a number of procedures were examined; 
however, the analysis of the reaction mixtures was com- 
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plicated by undesired silyl migrations and desilylations.16 
Consequently, a different protecting group was required 
and dibenzyl ether 4 was prepared by conventional 
methods. It should be mentioned that benzylation and 
silylation of the secondary alcohol of 2 were unexpectedly 
slow; therefore, these hydroxyls should be amenable to 
straightforward differentiation. 
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Treatment of 4 with n-BuLi (3 equiv) in a mixed solvent 
system (toluene/TMEDA/CH2C12, 60:2O2O)," followed by 
hydrolysis (AcOH, -78 "C) afforded vinyl sulfone 6 in good 
yield. It was considered that protectisn of the free alcohol 
function in 6 under acidic conditionsls would facilitate 
evaluation of different desulfonylation protocols. Thus, 
the reaction of 6 with dimethoxymethane and p-TsOHlg 
was examined and a surprisingly facile debenzylation of 
the primary alcohol, and intramolecular acetalation to 
produce bicyclic vinyl sulfone 7 was observed. After con- 
siderable experimentationm we found that the use of an 
excess of freshly prepared Na(Hg) in buffered MeOH, 
under strictly anhydrous conditions,21 produced the desired 
alkene 8 in good yield, without significant amounts of 
allylic deoxygenation, double-bond migration, or overre- 
duction.22 

The synthesis of carba-a-DL-glucopyranose was then 
completed by stereospecific bis-hydroxylation of and 
debenzylation and concurrent acetal cleavage (BF,.OEh, 
Et$H).% Our synthetic carba-a-mglucopyranose, as well 
as the corresponding pentaacetate, had spectral features 
identical to those in the literature.25 

In summary, these results demonstrate that highly 
functionalized vinyl sulfones F are efficiently prepared via 
strain-directed @-elimination of oxanorbornanic sulfones. 
This methodology has been utilized in a total synthesis of 
carba-a-DL-glucopyranose. Further applications of these 
cyclohexenyl sulfones26 in synthesis will be disclosed in due 
course. 
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