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Abstract Tosy! cyanide is activated by titanium(IV) chloride to generate a tolylsulfinyl chloride
equivalent, which readily stereo- and regio-specifically adds to certain alkenes to provide B-
chlorosulfoxides. These chlorides rapidly hydrolyse on silica gel to provide B-hydroxysulfoxides
in stereocontrolied manner. © 1999 Elsevier Science Ltd. All rights reserved.

Tosyl cyanide 1 is a reactive heterodienophile in Diels-Alder reactions and has been used, for example,
the construction of pyridine and hydropyridine analogues.' During the course of recent mechanistic studies on
the cycloaddition chemistry of tosyl cyanide 1 with cyclopentadiene,” we had reason to investigate Lewis-acid
catalysis of this cycloaddition. Unexpectedly, under certain Lewis-acid conditions, low yields, after hydrolysis,
of P-lactam 2 were obtained resulting from [2+2}-addition, instead of the y-lactam 3 from [4+2]-addition

(Equation 1).® While [2+2]-addition is well known for chlorosulfonyl isocyanate* it is unknown for tosyl
cyanide 1. This result prompted us to examine the behaviour of 1 with unconjugated olefins.
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In preliminary studies, a range of simple alkenes did not react with tosyl cyanide 1 under either thermal
conditions or in the presence of several Lewis-acids. However, a marked exception was with titanium(IV)
chloride and in this communication we report the potentially useful sulfinylated products that are then obtained.

We have thus discovered that various simple mono- and di-substituted alkenes 4 react with tosy! cyanide

1 and stoichiometric titanium(VI) chloride to provide hydrolytically unstable B-chlorosulfoxides 5 (Scheme 1,

Table 1). These B-chlorosulfoxides §, upon silica gel chromatography, provided the corresponding trans--
hydroxysulfoxides 6 (Scheme 1, Table 1) as single diastereoisomers (n.m.r.).* In the case of styrene and
vinyl acetate, the reactions displayed complete regiocontrol, providing solely B-chloro and B-hydroxy adducts

Sa and 5b, and 6a and 6b respectively.
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Table 1. :
Entry Alkene 4 Time (i) Conversion to 5 (%)  Isolated yiclds of 6 (%)
1 Cyclopentene 8 96 95
2 Cyclohexene 12 72 98
3 4-Methyl-cyclohexene 24 65 89
4 Cyclooctene 24 46 76
5 Styrene 24 45 94
6 Oct-1-ene 24 67 78
7 Vinyl acetate 24 59 35

Degree of conversion determined by 'H nmr. "For typical procedure, see ref. 3.

Acetylation of the B-hydroxysulfoxide adducts derived from cyclopentene and cyclohexene provided

evidence for the stereochemistry of these products (Equation 2) being as shown (the sulfoxide
stereochemistry is undefined, though appears as a single diastereoisomer by n.m.r.) and retaining the original

o-chlorosulfoxide stereochemistry.’
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Both the regiospecificity® (shown by adducts 5a and b, and 6a and b) and the stereospecificity (shown
by acetates 7), point to a simple mechanistic explanation whereby the reaction of titanium(IV) chloride with
tosyl cyanide results in the formation of a new reagent, that is (formally) a tolylsulfinyl electrophile equivalent
(possibly a trichloro titanium(IV) isocyanate complex’), as shown in Scheme 2. Attack of this species on the
alkenes 4 and trapping of the ‘incipient carbenium ion equivalent with chloride ion, can give adducts 5.
Subsequent exposure to silica gel results in double Sy2 hydrolysis via anchimeric assistance from the sulfoxide
function, which would then provide trans-hydroxy products 6. This is supported by isolation of the rrans-
acetates 7. A possible explanation for these events is shown in Scheme 2. Interestingly, overall the product
has four-valent sulfur, while that of tosyl cyanide is six-valent. This is also a feature of the cycloaddition
chemistry and may be a characteristic feature of the reactivity of tosyl cyanide.
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1+ TiCly—— TolSOCl + OCNTiClam=== [TolSO" + OCNTiICl']

Scheme 2. , 4
H20 (Silica gel) a [ r°
6 <~—————— 5.4 0CNTICl
Double SN2 X
hydrolysis 3H0 & "Tol
TiO; + 3HCI + CO, + NH;

Consistent with the above mechanism are the few reports of the Lewis-acid catalysed addition of (aryl)
sulfiny! halides to alkenes.® Significantly, in all those procedures, the generation of an air-sensitive sulfinyl
chloride was required. It appears from the results presented here, that in situ generation of an aryl sulfinyl .
chloride equivalent, by the activation of tosyl cyanide with titanium(IV) chloride, is a convenient alternative to

existing methods. Subsequent addition to alkenes allows clean conversion to f-chloro and -

hydroxysulfoxides. It is also worth noting that this reaction can generate up to three new chiral centres
(including the sulfoxide centre) and perhaps could be adapted to an asymmetric process with judicious choice of
asymmetric catalyst. Endeavours along this line of approach are underway.
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Quenching of the TsSCN/TiCl Jalkene reaction with water results in effervescencent formation of CO,,
which supports the idea of formation of a titanium(IV) isocyanate complex.
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