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Abrtmct E$oxidahon d 2-p-tolylauUaoyl-Zcydokxcad 3 md itr OAc (4) ad OMOM (3) tivativc~ GUI IiOOf-Bu 

and NaOOH&I20 ~mcceda with hi& stereoslectivity to give the syn epoxy alahol8 7-9. The 0-triiaopmpylsilyl duiv~ve 

(OTlP3.4) evolvea into a 63~37 mixmrc of synmui cpoxida. A mtionatizr*on of UIWC resutta. baaed on the cu&rmatioaat 
pn?fM d the atHing su&ntcS. ta pmpoSat. 

Vinyl stdfones have been widely used as building blocks in synthetic organic 4temistry.t The utility of 
these substmtes as starting materials to synthesis highly functionali& systems hss been explored in cyclictJ 
and acyclic3 vinyl sulfones. Whereas many results have been published about Michael additions to y- 

oxygenated a&unsaturated sulfones,ta3AS less work has been made on the a-hydroxyalkyl vinylsulfones. 

despite their potential synthetic interest. With respect to the mtcleophilic epoxidation of these substmteq to our 
knowledge, only one example, concerning acyclic vinylsulfones, has been recently repor&~I.~ The synthetic 
utility of these reactions, derived from their high stemcselectivity, make the study of the corresponding cyclic 
sulfones of great interest. We describe hereby the results obtained in the epoxidation of the chiral 2-p 
tolylsulfonyl-2-cyclohexenol 3 and of its O-derivatives 4-6 (Scheme 1) with two different nucleophilic 
epoxidation reagents, LiOOr-BUI’HF snd NaO0IM-f~. 
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Vinyl sulfones 3-6 are readily available from 2-p-tolylthiocyclohexenyl acetate 1’8 (it can bc obtained as 
(R) and (S) enantiomets, but in Scheme 1. only the (S) one has been represented). Thus, the MCPBA 
oxidation of 1 and 2 (obtained from 1 by basic hydrolysis) yielded the corresponding sulfones 4 and 3. 
Reactions of 3 with CI+(OMe)2/p2os and with triisopropylsilyl triBuommethanesulfonaW1utidine afforded 5 
or 6 respectively.9 

The results obtained in the nucleophilic epoxidation of compounds 3-i with LiOOl-Bu/THF at room 
temperature or NaO0I-UI-l~ in acetone at 4154YC. are collected in Table 1. The syw-epoxides 7-10 are the 
only diastereomers detected except in the case of the reaction of 6 with LiOOt-BtUI’HF (entry 4). which yields 
a 63:37 mixture of the lO+yn:lhznfi oxiranes. IO It is of interest to point out that the reactivity decreases by 

introducing protecting groups.Compound 3 was shown to be the most reactive. This effect is more evident 

when the NaOOI-l&O is used as nucleophile which is much less reactive (mainly due to the solvent). In these 
conditions, the conversion of the O-ace@ (4) and O-TIPS (6) derivatives is very low and even after 13 hours 
c.a.7096 of starting material was recovered (see reaction times, entries 6 and 8). The composition of these 
reaction mixtures (tH-NMR) also indicated the presence of hydroxy-epoxide 7-syn resulting from direct 
@oxidation of 4 or 6, or from deprotection to 3 and further epoxidation. The optical purity of epoxyalcohol 
(S)-7-syn was determined as 98% ee by IH-NMR [R(hfc)s]. 

Table 1: Epoxidation of cyclohexenylsulfones 3-6 with LiOOt-Bu/‘I’HF and N&OH/H,0 

SYn anti 
Entry Substrate Reagettpb Yield (%) 

! ; 
3 (R=H) A (2h) 7-syn 
4 (R=Ac) 

: 
5 (R=MOM) ; ;:{ 

I-SjW z: 
65 

6 (R=TIPS) A (4h) lZ$ (63%) lo-anti (37%) 66 
5 3 (R=H) B (2h) ‘I-syn 70 
6 4 (R=Ac) 7sync 

z 
S (R=MOM) ! I:;;) 65 
6 (R=TIPS) B (13h) I;?$$ e 

*AZ LiOO&Bu/THF, rt; B: HsOslNaOH 2.2Nla~one. 45SO’C. bReacliott time in brackets. Wnly epoxide ‘I-syn WBP 
formed. &gttiticattt amount of compotmd 7-9~1 was also isolated. =A complex mixture was formed after 13h and c.a70% of 
the stating matuial was recovued 

The relative configuration of the resulting epoxides was assigned as follows. Compound 9-syn was 

chemically correlated with the known bromccyclohexanediol 1311 (Scheme 2). The opening of 9-syn with 
MgBr2I2 produced compound 11 (68% yield) whose reduction with LiAl& is highly stereoselective 
affording compound 12. The exclusive axial attack of the hydride must be due to the axial arrangement of the 
O-MOM group.lsThe treatment of 12 with aqueous HCI gave 13 14 diastereomerically pure (40% overall 
yield). The stereochemistry of 13 was unambiguosly established from its tH-NMR spectrum. 11 

Chemical correlations of 7-sy~1 with 9-sytr (7-syn reacts with CH2(OMe)2/P205 yielding 9-syrt), S-syrr 
(which evolves into 7-syn by hydrolyses with NaOH/MeOH) and lo-syn (which yields 7-syrr by treatment 
with TBAF/THF) allowed us to establish the syn-stereochemistry of all these epoxides, and indirectly that of 
the compound lo-arrti, which was obtained in the reaction of 6 with LiOOt-Bu. Compound 7-an/i was 

obtained by reaction of lO-a,rti with TBAFflHF at 0°C. 



9-syn 11 [alg=+l16 12 13 [a$ =+69 

Scheme 2 

A comparison of our results with those reported by Jackson et al 6 on acyclic hydroxy sulfones indicates 
a similar or even higher di asmmoselectivity in the formation of the cyclic substrates. Nevertheless, none of the 
explanations suggested by these authors to rationalize the stereoselectivity observed in the epoxidation of the 
free alcohols with LiOOz-Bu (coordination of the lithium atom with the oxygens at substrate and reagent, or 
hydrogen bond formation from the alcohol proton and the tbutylperoxide anio&) are consistent with our 
results. Thus, the fact that the stereoselectivity of the epoxidation of the free alcohol 3 with lithium t- 
butylperoxide was identical to those observed from its derivatives 4 and 5. excludes the hydrogen bond 
formation as determining factor in the stereochemical control. Additionally. the similar restuts obtained in the 
reactions of 3 with LiOOr-Bu/THF and NaOOHlH20 allowed us to exclude the coordination of the lithium 

atom as the major directing influence. 
The stereochemical outcome of the epoxidations of our substrates can be rationalized on the basis of the 

conformational behaviour of the starting cyclic vinyl sulfones. The most stable half-chair conformation must be 
that exhibits the oxygenated function in pseudoaxial arrangement (A), in order to avoid the strong torsional 
strain OR/S@Tol which destabilizes the B conformation (Scheme 3). The nucleophilic attack from the lower 
face in the A conformation must be favoured because it would yield a chair-like T.S., much more stable than 
the twist-like T.S. generated in the attack from the upper face. 15 There is another factor, concerning the 
conformational equilibrium around tire C-S bond, which reinforces this tendency. Thus, thep-tolyl group, the 

bulkiest one around the sulfur atom, would mainly be oriented toward the upper face of the double bond, in 
order to minimize the steric interactions with the oxygenated function at C-l. This disposition prevents the 
approach of the reagent from the upper face and determines the favoured attack syn to the oxygenated function. 
The decrease of the stereoselectivity observed in the epoxidation of O-TIPS derivative 6 can be explained 
considering that this bulky substituent is hindering the attack from the lower face. 

Scheme 3 
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