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Abstract: Z-Sulfonyl-substituted homoallylic alcohols 3 underwent highly anti-selective base-
mediated S-endo-trig cyclisation reactions to give 2,5-dialkyl-3-phenylsulfonyl tetrahydrofurans anti-2.
A simple steric model is proposed to account for the high selectivities. Tetrahydrofuran 2g was
efficicntly and stereosclectively sulfenylated at the 3-position to give 6, which was subjected to an
oxidation-syn-climination sequence to give unsaturated cyclic sulfone 7. Treatment of 6 with Lewis
acid in the presence of soft carbon nucleophiles gave the products of rearrangement followed by
trapping.

We have been looking at S-endo-trig cyclisation reactions! for the stereoselective synthesis of 2,5-dialkyl-
3-(phenylsulfonyl) tetrahydrofurans. We reported previously? that treatment of E-sulfonyl-substituted homo-
allylic alcohols 1 with ;-BuOK~-1-BuOH in THF gave 2,5-dialkyl-3-phenylsulfonyl tetrahydrofurans 2 in mostly
good yields but with poor selectivities for the 2,5-syn versus the 2,5-anti isomers. This was attributed to
repulsive steric interactions of similar magnitudes in the two competing reactive conformations (Scheme 1). Ina
search for a more efficient variant of this process, we reasoned that the Z-cyclisation substrates 3 might undergo
more selective cyclisations. Examination of the analogous transition-state models pointed towards the absence
of substantial non-bonded interactions only in the conformation leading to the 2,5-anti disubstituted
tetrahydrofuran (Scheme 2). We report in this Letter the preparation and highly selective S-endo-trig cyclisation
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reactions of Z-sulfonyl-substituted homoallylic alcohols 3. We report also some reactions for the elaboration of
one of the syn-2 products which demonstrate the synthetic utility of the sulfonyl group post-cyclisation.

Our synthetic route to Z-substrates 3 differed from the approach previously used? in terms of the leaving
group involved in the elimination step leading to the vinylic sulfone moiety. Thus, oxidation of the
diastereomeric mixtures of adducts 43 and threo-selective? reduction of the resulting B-ketosulfones with
NaBH,-CeCl3% gave diastercomerically enriched 4. These were tosylated and subjected to E2-type elimination
followed by desilylation to give predominantly Z-sulfones 3, which could be separated from small amounts of
17 by HPLC (Scheme 3, Table 1).
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Reagents and conditions: (i) PDC, 4A molecular sicves, CH2Cl3 (0.1M), 1t, 3 h; (i) NaBH4 (2 eq), CeCl3 (! eq), MeOH (0.4M),
nt, 1 h; (iit) n-BuLi (1 eq), TsCl (1.5 eq). THF (0.2M), 0°C; (iv) NaOEt (2 eq). EIOH (0.1M), rt; (v) HF, MeCN (0.1M), rt.

Table 1. Synthesis of Cyclisation Substrates

Our previous studies? of cyclisation | Enty  R! R2 :::2'3.:'8 :ne:dg ga"':’,%'
reactions of the E-substratcfs 1 had shown . py e 89 pos 1'0:1
that +-BuOH was essential for clean, high-

yiclding tetrahydrofuran formation. With b CHOm oCeHn 84 86 2.5
substratcs having R? bulkier than methyl, [ © Ph +8u 66 65 3
isomerisation to the thermodynamically more | 9 Ph Me 86 51 11
stable allytic sulfones had been observed. !! e H BnOCHCHMe 63 56 4

In the present work, it was found that an

increase of the amount of -butanol from 5 to 10 equivalents reduced the extent of this side-reaction, and these
conditions were subsequently adopted as standard.!2 Exposure to the standard conditions of the Z-substrates
3a, 3b and 312 (R! = Me, R? = i-Pr) possessing substituents on the y-position of the vinylic sulfone
clectrophilic moiety resulted in rapid, high-yielding formation of anti-2a, anti-2b and anti-2f with high
selectivities. Identical transformation of E-isomers 1a and tb gave syn-2a and syn-2b in lower yields, but
with similarly high selectivities. In contrast, reaction of the iso-butyl-substituted vinylic sulfone 3¢ gave mostly
syn-2c, as was the case for the E-isomer lc; the syn-selectivity was higher for the latter transformation. This
slereoconvergence was most pronounced for substrates 1d and 3d; identical mixtures of syn- and anti-2d were
formed on treatment of both isomers with base in the usual way (Scheme 4, Table 2). These results suggest that
Z-vinylic sulfones 3 which are not branched at the y-position undergo competitive isomerisation to 1 prior to
cyclisation; the lower yields of 2 reflect the increased amounts of allylic sulfones formed in these cases. 13

Table 2. Cyclisation Reactions of 3 and 1

PhSO, R! PhS0z PhSO, R' | Substrate Yield of 2 _Ratio of syn-:anti-2
A ’O < \(\f 3a 83 1:10
R2 | OH R2 o” R | R2 OH 1a 67 10:1
anti-2 3b 87 1:10
3 + 1 10 69 10:1
PhSO, 3c 53 211
Z—) Reagents and conditians: 1c 47 4:1
- - (i) t-BuOK (1 eq), +-BuOH ad 57 2:1
Scheme 4 R2*"No7 ™A' (10 cq), THF (0.032M), 14 pt 21
syn-2 25°C, 5-30 min. at o 18
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Cyclisation of substrate 3e was carried out to probe the effect on cyclisation stereochemistry of a
stereocentre positioned exo- with respect to the incipient heterocycle. The precursor 4e was made via a
modified sequence in which the conjugate adduct of thiophenol and acrolein was reduced to the primary alcohol,
protected as the TBDMS ether, and oxidised to the sulfone prior to lithiation and addition to 3-benzyloxy-2-
methylpropanal. Exposure of 3e to the standard cyclisation conditions gave a 1:1 mixture of the two possible
diastereomers of 2e (Scheme 5). Notably, reaction of the E-isomer le gave the alkenyltetrahydrofuran §,
presumably by elimination of benzyloxide ion to form the sulfonyldiene prior to cyclisation.
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Some derivatisation reactions of tetrahydrofuran 2g2 were examined in order to utilise the diverse
reactivity of the phenylsulfonyl group for further transformations. Low-temperature deprotonation followed by
addition of co-solvent and diphenyldisulfide and low-temperature proton quench resulted in highly selective
formation of the crystalline tetrahydrofuran 6 in which the phenylsulfenyl moiety was oriented syn with respect
to the 2-methyl group (Figure).!4 Exposure of 6 to peracid gave directly the unsaturated cyclic sulfone 7
together with a small amount of the disulfone 8 (Scheme 6). We presume that the unusually low temperature at
which the syn-elimination took place stems from relief of steric crowding in the putative intermediate sulfoxide.
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then AcOH-THEF (1 eq); (ii) CH3CO3H (10 eq), CH;CO;H-H20, CH;Cla, 1t, 12 h structure of 6
Scheme 6 Figure

We have investigated also some Lewis acid-mediated reactions of sulfone 6. We reasoned that treatment
of 6 with oxaphilic reagents would give a thionium ion, and that this would react with soft carbon
nucleophiles.!5 Addition of aluminium trichloride to a mixture of 6 and acetophenonc TBDMS enol ether gave
in low yield ketone 10. However, the analogous reaction using allyltrimethylsilane as the nucleophilic trap gave
in high yield the thioether 9.16 We propose a mechanistic pathway in which the inductively destabilised
thionium ion A formed initially undergoes a {1,2]-hydride shift to give the anchimerically stabilised isomeric
structure B.17 Subsequent nucleophilic attack occurs anti- with respect to the neighbouring thioether group
(Scheme 7).
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In summary, base-mediated S-endo-trig cyclisation reactions of Z-sulfonyl-substituted homoallylic
alcohols possessing y-substituents on the vinylic sulfone moiety give anti-2,5-disubstituted tetrahydrofurans
with excellent selectivities. The reaction of a substrate possessing a stereocentre at the y-position was
completely unselective. With less highly substituted substrates, isomerisation followed by syn-selective
cyclisation is a significantly competitive process. We are currently seeking to apply the anti-selective cyclisation
reaction to the synthesis of a fragment of the acyltetronic acid-containing ionophore tetronasin, and we are
exploring altemnative nucleophilic traps in the thionjum—-oxonium ion rearrangement reaction of 6. The results of
these studies will be reported in due course.
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