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Abstract: The title reagent, (+)-(S)-1, was prepared from (+)-(S).-a-diethoxy- 

phosphorylethyl p-to1y1 sulfoxide 7. by phenylselenylation-deselenylation 

procedure. Its reactivity was demonstrated by diastereoselective Michael addition 

of ethanethiol giving rise to 3, tandem Michael addition/intramolecular Horner- 

-Wittig reaction with 2-formyl pyrrole leading to the corresponding pyrrolizine 

sulfoxide 5 and cycloaddition with cyclopentadiene affording the diastereomeric 

adducts 6. The steric course of the Diels-Alder reaction is briefly discussed. 

Chiral oulfoxides have found a wide application as powerful ehiral auxiliaries in 

asymmetric synthesis and as chiral synthons.L Recently, chiral vinyl sulfoxides have 

been used as dienophiles in asymmetric Diels-Alder reactions.' However, because of a 

very Low reactivity of simple vinyl sulfoxides in Diels-Alder reactions, it was neces- 

sary to activate the carbon-carbon double bond by introduction of an additional ele- 

ctron-withdrawing group. Usually, the alkoxycarbonyl group is used for such a purpose.' 

In this paper we would like to report the synthesis of (+)-(S)-a-diethoxy- 

phosphorylvinyl p-tolyl sulfoxide (1) and exemplify its reactivity as a new type of 

chiral Michael acceptor and dienophile.4 In contrast to other n- or p-substituted vinyl 

sulfoxides reported in the literature, the phosphoryl moiety in 1 functions not only as 

a double bond activating substituent but also allows the Homer-Wittig reaction to be 

carried out following the Michael addition. Moreover, the phosphoryl group, like the 

sulfinyl one, may be chiral thus allowing double asymmetric induction in the Michael and 

Diels-Alder reactions to be studied. 
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A two-step synthesis of the chiral sulfoxide 1 is shown in Scheme 1. The first step 

involves selenylation of (+)-(S,)-a-diethylphosphorylethyl p-tolyl sulfoxide 2 (a 

mixture of two diastereomers)' with phenylselenenyl bromide to give the corresponding 

PhSe-substituted sulfoxide 3 which, after subsequent oxidativs benzeneselenenic acid 

elimination, affords the desired sulfoxide 1 which is obtained rn a pure form by column 

chromatography. 

Preliminary experiments revealed that the chiral vinyl sulfoxide 1 undergoes 

nucleophilic addition easily. For example, the renctiOI1 of 1 with ethanethiol in the 

presence of triethylamine gave the adduct 4 ae a 2:1 mixture of diaszereomers. 
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The synthetic utility of 1 as a key reagent for the construction of mono- or 

condensed hetero- or carbocycles containing the chiral vinyl sulfoxide moiety is 

illustrated by the synthesis of tolyl 3H-pyrrolizine-2-sulfoxide 5' resulting from the 

tandem Michael addition/intramolecular Homer-Wittig reaction of 1 with the sodium salt 

of 2-formyl pyrrofe. Of interest is that the chiral vinyl sulfoxide moiety in 5 may be 

used for further asymmetric reactions or converted into the carbonyl group. 

As expected, the presence of the phosphoryl group in 1 considerably enhanced its 

dienophilic reactivity and cycloaddition with cyclopentadiene was found to occur easily. 

The results obtained are collected in Table 1. The ratio of the diastereomeric 

Table 1 Diels-Alder reaction of 1 with cyclopentadiene 

Reaction conditions 
Entry 

Sulfoxide (%) Sulfide (%) 

Catalyst Solvent Temp. Time a b c d ex0-? endo-P 

1. CH2C12 r.t 10d. 9.8 54.4 30.1 5.7 84.5 15.5 

2 H20/Ms2C0 r.t. 2d. 13.2 53.6 27.5 5.7 85.3 14 7 

3. ZnCl2 CH2C12 -200 24h 25.5 74.5 - - 74.5 25.5 

4. BF3'0Et2 CH2C12 -20" Ih 46.4 10 7 24.5 18.4 31.5 68.5 

cycloadducts 6 was determined by 

and 25.4 ppm)'/ 

31P NMH spectroscopy and the two diastereomers (sP=25.6 

obtained in the ZnC12-catalyzed reaction (entry 3) were separated by 

column chromatography (hexane: acetone, 15:l). The endo/exo configuration (with respect 
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to P) of 6 was assigned utilizing the Quin's criterion' i.e. the presence (endo) or 

absence (exe) of the coupling constant between P and C(7) in I% NMR spectra. 

Additionally, the endofexo ratio in all experiments was confirmed by reduction of the 

cycloadducts 6 to the corresponding sulfides 7. Thermal elimination of p-toluenesulfenic 

acid from 6 was also carried out and gave the chiral phosphonate 8. 
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An inspection of the results in Table 1 reveals that the non-catalyzed reaction 

(entry 1) performed in methylene chloride is very slow. Although the preponderance of 

exe-selectivity for the phosphoryl group is observed, the n-facial selectivity is rather 

moderate. An increase of the solvent polarity (entry 2) accelerates cycloaddition which 

may suggest a non-synchronous transition state with the advanced o-bond formation at the 

b-carbon atom in 1. The addition of zinc chloride (entry 3) substantially increases the 

dienophilic reactivity of 1 and also improves n-facial selectivity. In this case the 

reaction occurs also with the predominant exo-selectivity for the P(O)-group and only 

two diaetereomers are formed (31P NMR assay). On the contrary, the presence of a strong 

Lewis acid such as BFs'OEt> (entry 4) considerably decreases stereoselectivity and 

favoures the endo phosphonate moiety approach. 

The above preliminary observations on the steric course of the Diels-Alder reaction 

investigated may reasonably be explained in terms of steric factors and conformational 

changes induced by Lewis acids. Thus, zinc chloride as a chelating agent links together 

both polar phosphoryl and sulfinyl groups in 1 what results in a rigid s-trans 

conformation of the complexed dienophile.' On the other hand, since one molecule of 

boron trifluoride can coordinate only one polar group, the s-cis conformation of 1 is 

more favoured for steric reasons. Therefore, a high diastereoselectivity in the 

ZnC!l~-catalyzed reaction is observed, whereas in uncatalyzed reaction and in the 

presence of BFg the ratio of the diastereomeric 6 reflects population of both 

conformers. 
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