Trimethylsilyl derivatives asfinal nucleophilesin the tandem sequence of an Ar SCl—
initiated Adg reaction resulting in the synthesis of polyfunctional compounds

Anthony Hayford,2 Mark Lovdahl 2 Margarita|. Lazareva,®® Yury K. Kryschenko,2¢ Tiffany Johnson,2
Alexander D. Dilman,® Irina P. Smoliakova,? Ron Caple*@ and William A. Smit*P¢

& Chemistry Department, University of Minnesota-Duluth, 10 University Drive, Duluth, MN 55812, USA. Fax: +1 218 726 7394
bN. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 117913 Moscow, Russian Federation.

Fax: +7 095 135 5328; e-mail: smit@macal ester.edu

“Higher Chemical College, Russian Academy of Sciences, 125819 Moscow, Russian Federation. Fax: +7 095 135 8860
4 Chemistry Department, University of North Dakota, P.O. Box 9024, Grand Forks, ND 58202, USA. Fax: +1 701 777 2331
€ Chemistry Department, Macalester College, 1600 Grand Avenue, S. Paul, MN 55105, USA. Fax: +1 612 696 6432

The use of alyl silanesand silyl vinyl ethersin the final step of aLewis acid-mediated sequence involving reaction of ArSCl, two
vinyl ether units and a C-nucleophile has been studied, thereby allowing introduction of functional groups into the

four-component adduct.

Stepwise electrophilic addition reactions, in particular those
where the cationoid intermediate (episulfonium ion, ESI)
formed by the addition of aryl sulfenyl chloride to a double
bond reacts with various C-nucleophiles to yield polyfunctional
compounds, have been studied for some time by our group.!
C-Nucleophiles included p-donors like aromatic and
heteroaromatic compounds,?> trimethylsilyl vinyl ethers?
alylsilanes* and akyl vinyl ethers® The last case was of
special interest to us, since the ES| 3 formed by interaction of
ArSCI with vinyl ether-1 (VE-I) (see Scheme 1) reacts with a
second vinyl ether (VE-11) to form another electrophilic
intermediate, presumably the five-membered cyclic
thiophanium ion 4 (TPI). Formation of TPl suggested an
interesting synthetic opportunity of its utilisation as electrophile
in the reactions with various carbon nucleophiles. Earlier® we
described the reactions of TPl intermediates with
organomagnesium reagents as one-pot, four-component
coupling with the formation of two new C-C bonds
(Scheme 1, path iv). It is necessary to note that the usage of
Grignard reagents as final nucleophiles limits the nature of the
substituents R in the product to alkyl, alkenyl and aryl groups.

Thus, in order to broaden the list of functional groups
introduced to a molecule, it was desirable to involve
well-known p-donors like trimethylsilyl vinyl ethers,
alylsilanes, as well as trimethylsilyl ketene acetals’ in the final
step of the reaction seguence. A preliminary study of this
guestion showed that no significant reaction takes place at low
(=78 to —20 °C) temperatures, while room temperature causes
rapid decomposition of the reaction components resulting in a
complex mixture of products which, however, contained trace
amounts of the desired compounds.®

However, careful monitoring of the reaction in the
temperature interval —20 to 20°C showed that the TPI
intermediate 4 formed by the reaction of 2 equiv. of the methyl
vinyl ether 1 with p-TolSCl in CH,Cl, at —78 °C is reasonably
stable up to a temperature of 0°C. The reaction of 4 with
alyltrimethylsilane (path v) at this temperature proceeds slowly
but eventually leads to the complete conversion of 4 into the
product 5a in the course of 5h, with aratio 1: 1.2 of the two
expected diastereoisomers. 2-(Trimethylsilyloxy)propene and
2-(trimethylsilyloxy)furan also react with 4 under these
conditions to yield products 6a and 7a, thus showing the
possibility for carbonyl and lactone group introduction into a
target molecule (paths vi and vii). In general, the products
formed in the reaction are a mixture of all possible
diastereoisomers.

The reaction of ArSCl with 2 equiv. of methyl vinyl ether
and then with allyltrimethylsilane was chosen as a model for a
preliminary study of the possible effects of factors such as the
nature of the Lewis acid® and aryl group on the stereochemistry
of the reaction. The change of the Lewis acid in some cases
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Scheme 1 Reagents and conditions: i, ArSCl, CH,Cl,, =78 °C; ii, TiCl,;
iii, 1 (VE-II); iv, RMgX,® —78°C; v, allyltrimethylsilane, 0 °C, 5h; vi,
2-(trimethylsilyloxy)propene, 0°C, 2 h; vii, 2-(trimethylsilyloxy)furan,
0°C,8h.

(SnCl,, ZnBr,) showed little or no effect on the
diastereoisomeric ratio of the products (Scheme 1), while other
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Lewis acids (AgSbFg, BF;-OEt,, ZnCl,-OEt,, TMSOTTf) turned
out to be rather inefficient in promoting reaction of the TPI
with allylsilane, even at room temperature. When the Ar group
was changed from p-Tol to p-CIC¢H, and 2,4,6-Me;CgH, only
aslight increase in the formation of one of the diastereoisomers
was observed. Our previous observations® showed that when
2,3-dihydropyran was used as VE-I and RMgX as a nucleophile,
the diastereoselectivity was very high (>95%). But in our
case the sequence p-TolSCl, 2,3-dihydropyran (VE-I), TiCl,,
methyl vinyl ether 1 (VE-II), alyltrimethylsilane, in CH,CI,
(=78 °C, 5 h) again resulted in a mixture of diastereoisomeric
trans-2-(2-methoxypent-4-enyl)-3-(p-tolylthio)tetrahydropyrans
8in no better than a1 : 1.5 ratio and 82% yield.

Our current experiments include application of a wider
selection of components in the sequence (VE-I, VE-II, Nug), as
well as a search for other parameters (Lewis acid, solvent)
which can enhance the stereoselectivity of novel C—C bond
formation.
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