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Ab&w& y-Hctcmsubatilutcd vinylthionium ions rcgioselectively and diituwscJectivcJy allyho en01 
eilyl ethers. Intmmokcutu aptpn of l vinylthiinium ion is used 88 I key s&p of a -1 pmtumul8tion 

Seq=- 

We have recently reported1 methodology for generation of carbon-substituted vinylthlonium ions ss 

uaeEul allylating agents for en01 silyl ethers, using tin tatrachloride ionisation of substituted 1,3- and 3,3- 

bls(phenylthIo)propenes. We would now like to communicate our results on extension of this methodology to 

vinylthionium ions bearing alkoxy or phenylthio groups as y-substituents, and to illustrate an application of the 

methodology to a pentammlation aquence. Scheme 1. 

Scheme 1 

Disconnection sequences illustrated in Scheme 1 revealed 1,3,3&is(phenylthio)propene (1) and 3,3- 

dimethoxy-l-phenylthiopropene (2) to be desirable targets for the aforementioned vinylthionium ions. 

Compound (1) was prepared in a three step synthesis from acrolein in 40% overall yield via the following 

sequence: conjugate addition of thiophenol in the presence. of triethylamine; Nchloroauccinimide (NCS) 

chlorination a- to the sulfide accompanied by elimination to the vinyl sulfide on stirring at O’C overnight; 

thioacetaliaation using thiophenol and PzOs2 in CH2C12. It was isolated aa a pure (B)-iaomer which was stable 

at room temperature indefinitely. By comparison, preparation of (2). via direct acetalisation of 3- 

phenylthioprop2cnal or a-chlon’nation, acetalisation followed by dehydrochlorination of 3- 

phenylthlopropanal, proved unsuccessful. Therefore, the methyl analogue (3) was prepared instead and in 

92% yield as a 7:3 E:Z mixture via Peterson olefination3 of pyruvaldehyde dimethyl acetal. Scheme 2. 
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PM 9d’ (3) l&Z = 7:3 

(i) PhSH I NE% / CCI, / 0-C to RT 

(ii) NCS / CCI, / O’C to RT 

(iii) PhSH(Zeq) I P201 I CH$Zl, / 0-C 

(iv) PbSCH(Li)TMS I THF / O’C to RT 

Scheme 2 

The results of Lewis acid (SKI, or Tic&) catalysed reaction of (1) and (3) with the enol silyl ethers of 

acetophenone (4), cyclohexanone (5) and pentan-3-one (6) (as a 3:l Z:B mixture) are shown in Table 1 across 

the page. Several points deserve mentioning. Reaction of (1) independently with (4) and (S) gave the 

expected products (7) and (8) using three equivalents of SnC14 at -78°C in CH$&. The use of excess Lewis 

acid had no detrimental effect on the reaction outcome in contrast to the case with 1,3- and 3,3- 

bis(phenylthio)propenes reported earlier’, in which excess Lewis acid resulted in consumption of the y-adducts 

(vinyl sulfides). Compound (8) was obtained as a (2:l) mixture of diastereomers’, and (E)-vinyl sulfides were 

obtained exclusively as with the Pummerer methodology. Attempts to hydrolyse the vinyl sulfides (7) and (8) 

to the corresponding a&unsaturated aldehydes were unsuccessful. This methodology constitutes an 

electrophilic alternative to the carbanionic versions of Corey5 and Cohen6 for introduction of the useful 1,3- 

bis(phenylthio)propenyl fragment. 

Reaction of (3) revealed a number of interesting features. Firstly, the reactions all occurred 

completely regioselectively at the oxygen-bearing carbon (y-terminus, Scheme 1) with no evidence of any a- 

attack. The increase in E:Z ratio in all three cases lends support to the involvement of a ‘free’ vinylthionium 

ion which, in view of the regioselectivity, should be viewed more like a y-substituted vinyloxocarbenium ion. 

TiCl, was used in all three cases as the Lewis acid in view of the Mukaiyama reaction7. An interesting feature 

of the reaction of (3) was that complete conversions could be achieved with less than a stoichiometric amount 

of Lewis acid when reactions of this type usually require a full equivalent of Lewis acid. In this regard, 

product (9) could be obtained exclusively in 74% yield with only 0.1 equivalents TiCI,. In this case, higher 

concentrations of Lewis acid promoted elimination to the diene (10) which became the sole product above 2.5 

equivalents TiCI,. Similarly, the other products (11) and (12) could be obtained in high yield (0.5 eq.TiCld 

but these showed a reluctance to eliminate even with excess Lewis acid. Since neither TMSCI nor Ti(OPr), 

promoted the reaction, it is likely that TiCl, is truly catalytic here, being regenerated from TMSCI and 

TiCl,OMe. Compound (11) was obtained as a single diastereomer (E:Z:9:1) while (12) was isolated as a 3:l 

diastereomeric mixture (EZ = 8515) whose ratio was independent of the ratio of E/Z isomers used in the 

starting enol silyl ether of pentanone (6). Since simple acetals have been shown to react with enol silyl ethers 

using either TMSOTfs or TiCI, to give predominantly erythro (syn) diastereomers via acyclic transition 

states, it is likely that the major diastereomers in these reactions are the erythro forms. Table 1. 
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Table 1 

En01 Silyk Ether AC&al I Pmduct Yield%/a1b 

\ 4 
OMe 
I 

(4) 

z I, 

(6) 
(E):(z) = 1:3 

SPh 73 /(E) / 2:l 

Ph+SPh 

09 

+SPh 

(12) 

a is (E):(Z) ratio 
b is diastereomeric ratio 
c: Diene ,h, ~lo) also obtained-see text 

67/(E) /- 

74/5:1/- = 

82 / 9:1/ 1oO:O 

77 / 85:15 / 3:l 

Application of the methodology to a pentannulationrs sequence was accomplished using a conjugate 

addition-trapping strategyrr. Scheme 3. Addition of the anion of 1,3-bis(phenylthio)propene to 

cyclohexenones at -lOO’C in THF Eollowed by enolate quenching with chlorotrimethylsilane gave the 

intermediate enol silyl ether which could not be purified. However, replacement of the THF with CH&& 

followed by intramolecular cyclisation via the vinylthionium ion using S&l, at -20-C as before afforded cis- 

3-phenylthio-3,3a, 5,6,7,7a-hexahydro-4~~inden-4-one in 21% overall yield, isolated almost exclusively (> 

85:15) as a single diastereomer as determined by rH and 1% NMR. Its relative configuration was established 



as (3R*, 3aR*, 7aS*) by comparing the coupling constants J m mm and JH3.+,,. with those from computer _ 
modelling using the modelling programme ALCHEMY9 The ring junction stereochemistry was assigned cis 

on the basis of an NOE experiment. Hence, this annulation complements existing strategies using bifunctional 
reagent@. 

PhS WSPh (Q-o-@), \ 

c, 

\ 
SPh 

SPh 

(i) n-Buli I TX-IF /-1OO’C 

(ii) 0 (iv) 

(iii) TMSCt / to RT 

(iv) sna, (2eq) I c%az I -2ov 

21% overall 

Scheme 3 H 

In conclusion, these examples illustrate further apptication of substituted vinylthionium ions in synthesis. 
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