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Abstract: The reactions of the chiral 2-p-tolylsulfinyl cyclohexanols with Ac,0/NaOAc (or (CF,CO),O/Py) at
r.t. yielded the 2-p-tolylsulfenyl-2-cyclohexenyl acetates, which cannot be hydrolyzed into the a-
hydroxyketones. The 1-methyl-2-p-tolylsulfinylcyclohexanols evolved with (CF;CO),O/Py into the 3-methyl-2-
p-tolylsulfenyl-2-cyclohexeny! trifluoroacetates, the latter resulting from a very highly stereoselective hetero-
Claisen rearrangement (e.e.>97%) of the initially formed 1-methyl-2-p-tolylsulfenyl-2-cyclohexenyl
trifluoroacetates.

The stereoselectivities of the 2-p-tolylsulfinylcyclohexanone reductions with DIBAL and
DIBAL/ZnCl,,! as well as their methylation with AIMe,/ZnCl,,2 are mainly controlled by the configuration at the
sulfur atom, in such a way that the same configuration is induced at the hydroxylic carbon when starting from
epimeric at C-2 B-ketosulfoxides. This suggested that the reduction and methylation reactions could be carried
out on the mixture of 2-p-tolylsulfinyl cyclohexanones obtained by sulfinylation of the cyclohexancne,! without
previous separation, in those cases when the subsequent transformation of the obtained hydroxysulfoxides
involved the loss of chirality at C-2. In this sense, the Pummerer reaction could be the chosen method to
synthesize optically pure a-hydroxycyclohexanones.3 In order to check this assumption, we have studied the
evolution of the 2-p-tolylsulfinyl alcohols 2 and 3 (Scheme 1) under the Pummerer reaction conditions, the
results of which we report here.

The reaction of cyclohexanone with (R)-menthy] p-toluenesulfinate in the presence of (i-Pr,N)MgBr
yielded a 75:25 mixture of (S,,Rg) and (Ry,Rg)-2-p-tolylsulfinyl cyclohexanones, 1a+1b;! this reacted with
DIBAL yielding only 2A and 2B (both exhibiting the same (5) configuration at C-1) and with DIBAL/ZnCl,
and Me;Al/ZnCl, affording the mixtures 2C+2D! and 3C+3D2 respectively (all of them with (R) configuration
at C-1, Scheme 1).
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The reactions of the mixtures 2A+2B and 2C+2D with Ac,0/NaOAc yielded the 2-p-tolylsulfenyl-2-
cyclohexenyl acetates, (R)-4 ([a]p=+98.7, c=1.0, CHCh) and (5)-4 ([a}p=-99.1, ¢=0.5, CHCl;) respectively,
instead of the expected hemisulfenylacetal derivatives.4 In a similar way, the treatment of 2A+2B with
trifluorcacetic anhydride and pyridine in CH,;Cl, afforded the trifluoroacetate (5)-5 (Scheme 2). The addition of
different chiral lanthanide shift reagents did not split the signals on the samples of the racemic esters 4 and 5,
precluding the determination of their optical purity. Therefore, we hydrolyzed them into the alcohols (R)-6 and
(5)-6,5 on which we could evaluate an e.e. higher than 97% (only one enantiomer was detected in each case) by
nmr (Eu(tfc)s). This confirms that the stereoselectivity of both DIBAL and DIBAL/ZnCl, reductions is only
controlled by the configuration of the sulfur atom. All the trials to obtain the a-hydroxycyclohexanone from the
hydrolysis of the vinylsulfides (4-6) were unsuccesful 6.
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ere the results obtained when the mixture of methylcarbinols, 3C+3D, was treated to
Pummerer reaction cor ..» pns (Scheme 3).7 The treatment of this mixture with (CF,CO),O/Py in CH,Cl, during
erd r'}l e yielded the trifluoroacetate (-)-78 (85% yield, [a]p=-200, c=1.0, CHCL). When
the (§,,55,Rs)-1-methyl-}-p-tolylsulfinyl cyclohexanol 3B (Scheme 1) was treated with (CRCO),0/Py, the
enantiomer (+)-7 (alp 207 c=1.0, CHCIl;) was isolated in 76% yield. Since the optical purity of these
compounds could not b -r- etermined by the use of nmr Eu(tfc);, as had previously happened with 4 and §, the
hydrolysis of (-)-7 into .|. alcohol (-)-89 (84% yield, [a]lp=-233. ¢=0.9, CHCl,) with NaOH(2N)/MeOH (r.t.,
4 h.) was again nemsary\ The enantiomeric excess of compound (-)-8 is higher than 97% (determined by 200
MHz '"H-nmr).
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Taking into account the behaviour of the secondary B-hydroxysulfoxides (2) under these conditions
(Scheme 2), the formation of the compounds 7 from the tertiary carbinols 3 could be rationalized by assuming
the initial formation of (R) or (.5)-99 (1-methyl-2-p-tolylsulfenyl-2-cyclohexeny! trifluoroacetate) which later
evolved into the optically pure 7. This last transformation must be highly stereoselective and has to involve a
[3,3]-sigmatropic rearrangement (Scheme 4), such as the hetero-Claisen reaction. Nevertheless, the usual
conditions of this kind of rearrangement (metallic salts as catalysts,!o.!1 or very high temperatures!2) strongly
contrast with the mild conditions in which the transformation 9 to 7 takes place (room temperature and absence
of catalyst). The study of the molecular model of the intermediates 9 evidenced strong steric interactions
between the STol group at C-2 and both groups (Me and OCOCF;) at C-1, which could be invoked to explain
the large tendency of 9 to evolve into 7.
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As we can deduce from the proposed stereochemical course of the reaction (Scheme 4) the absolute
configuration of the rearranged allylic ester 7 is the opposite to that of the starting one. Thus, the configuration
of the trifluoroacetate (-)-7, obtained from the ester (R)-9, derived from the mixture 3C+3D) must be (5), just
like the ester (+)-7 (resulting from (5)-9, derived from 3B) has to be (R).

We are now studying the behaviour of other cyclic ketosulfoxides in order to know the scope of these
reactions that allow us to obtain optically pure cyclic allylic alcohols.
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