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Abstract: The treatment of P-hydroxydithioesters with dimethyl or diethyl acetals in the 
presence of an acid catalyst resulted in the formation of the six-membered endocyclic ketene 
dithioacetals, 4-alkylthio-Ad-1,3-oxathianes, via transacetalization. 

In association with our ongoing interest in the synthesis and reactions of enoi ethers having 

novel dispositions of attached groups,1 we have embarked upon studies of ketene dithioacetals in 

which both of the doubly bonded carbons and one of the sulfur atoms are part of a ring. Such so- 

called endocvclic ketene dithioacem (general stru:ure 1) are rare,’ and little is known about their 
. . 

R 

chemistry. Acyclic and exocyciic ketene dithioacetals (the latter having the double bond disposed 

exocyclic to a ring which encompasses the two sulfur atoms) are well-known, and their synthetic 

value as recipients of nucieophiles or electrophiles has been demonstrated.3 it would seem that the 

extra structural rigidity and stereochemical definition imposed upon a ketene dithioacetal group 

when it is “tied up” in a stereodefined substituted ring (as in 1) will impart unusual reactivity to it and, 

possibly, stereoselectivity in its reactions. 

in 1985, Meyers and Walkup reported, during the course of an unrelated study, an unexpected 

formation of the 4-alkylthio-Ad-1 ,Soxathiane 2 by the intramolecular transketalization of the 8- 

hydroxydithioester 3 under acidic conditions (equation 1). 4 We have examined the intermolecular 

variant of this transformation, namely the transacetalization of acetals by 8-hydroxydithioesters. In 

this missive. we reomat a novel &ss of stereodefined SIX membered endocvcl . _ ic keteng 

roacetals. 4-alkvlthio-Aa-1.9oxathianes. are reagjjy available bv this aeneral svnthetic route. 
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The general form of the reaction and our results for a variety of 4-alkylthio-A4-1,3-oxathianes 

are summarized in the Table. The P-hydroxydithioester starting materials 4 - 9 were readily avail- 

able from the aldol reactions between the lithium enolate derivatives of dithioesters and alde- 

hydes.4,s For initial studies, we examined the reaction between the dithiopentanoate 4 and benzal- 

dehyde dimethyl acetal. As expected, simple stirring of these two reactants in the presence of an 

acid catalyst (d-lo-camphorsulfonic acid, CSA) resulted in the formation of the 4-alkylthio-A4-1,3- 

oxathiane 10 (equation 2 and Table, entry 1). However, a significant amount (40%) of the dehydra- 

tion byproduct, the o&unsaturated dithioester 11, was also obtained. It turns out that such a$-un- 

OH S 

uyc 
SEt + PhCH(OMe), 

4 

= hsEt + +SEt (2) 

25O 
10 11 

saturated dithioester byproducts are always produced during the course of this synthesis of 4-alkyl- 

thio-A‘t-1,3-oxathianes. However, one can keep their formation to a minimum (~10% of the product 

mixture) by avoiding aryl acetals or aryl substituents on the p carbon (what would become Cs of the 

oxathiane ring) [entries 7 and 8, Table] and by using the milder Lewis acid, palladium(ll) chloride, as 

a catalyst for the transacetalization [compare yields for entries 1 and 2, Table]. In systems which 

introduce only alkyl groups into the 4-alkylthio-A4-1,9oxathiane, CSA is a suitable catalyst for the 

transacetalization reaction [compare yields for entries 3 and 4, Table]. 

As indicated in the Table, a wide variety of 4-alkylthio-Ad-1,3-oxathianes can be synthesized by 

this method. The transformations were clean; according to spectroscopic analysis of the crude 

reaction mixtures, only the oxathianes and (usually) small amounts of the corresponding a,p-unsat- 

urated dithioesters were formed.6 The low isolated yields reported for some of the cases indicated 

in the Table are attributed to partial decomposition of the products during chromatography and 

evaporative losses during solvent removal in m. 

It should be noted that every 4-alkylthio-Ad-1,3-oxathiane that we synthesized was produced 

as a single diastereomer according to HPLC and NMR analyses of the reaction mixtures from the 

transacetalization reactions. Based on a puckering of the otherwise planar ring at the oxygen atom 

to produce pseudoaxial/pseudoequatorial dispositions at carbons 2 and 6 of the ring --- a 

conformation which is indicated to be the lowest energy one by an AM1 calculation for the 

unsubstituted Ad-1,3-oxathiane7 --- it seems reasonable that the single diastereomers formed are 

the & isomers, which would have the groups attached to Cp and Cs in a diequatorial arrangement. 

Attempts to verify this assignment by measuring nuclear Overhauser effects between hydrogens on 

C2, Cs, and on groups attached t0 Cp and Cs were inCOnClUSiVe. Future StrtXtUral studies are 

necessary to rigorously prove the assigned stereochemistry. 
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OH S catalytic R4 

1 0-camphorsulfonic 1 
acid (CSA) & S3 

SRl + R4CH(OMe)s 

fi2 (or diethyl 
(racemic) 

4-9 (racemic) acetal) 
or PdCI, 

Entry RI RP Rt 

10,12-19 

R4 P- 4-Alkyl- Catalyst, Yield of 
Hydroxy thio-A4- Timea Oxa- 

IX&J.& 4-Alkylthio-Aa-1,3-Oxathianes from p-Hydroxydithloesters. 

Dithio- 
ester 

C6H5 4 

C6H5 4 

CHsCHs 4 

CHsCHa 4 

PhCH2 4 

CHs=CH 4 

CHsCHs 5 

CsH5 6 

CHsCH2 7 

10 CHsCHs CHs=CH(CHs)s (CHs)&H CHsCHs 8 

11 CHsCH;! CH3 CHsCH2 CHsCHa 9 

1,3-Oxa- thianeb 
thiane 

10 CSA, 1 day 4O%C 

10 PdCls, 4 hr. 66% 

12 PdCls, 2 days 65% 

12 CSA, 2 days 70% 

13 PdCls, 4 days 32%d 

14 PdCla, 1 day 67% 

15 CSA, 3 days 47%d 

16 PdCls, 1 hr. 37%d 

17 CSA, 3 days 60% 

18 CSA, 5 days 50% 

19 CSA, 2 days 55% 

1 CHsCHs CH3 

2 CHsCH2 CH3 

3 CHsCHa CH3 

4 CHsCHa CH3 

5 CHsCH2 CH3 

6 CHsCHs CH3 

7 CHsCHs CH3 

8 CHsCHs H 

SCHs=CHCHa (J-J3 

aln all cases, the reaction involved stirring 0.025 M solutions of the P-hydroxydithioester in the 
presence of 5-70 mole % of the catalyst in dry CHsCla under a CaCla drying tube, at 250 C. The 
indicated times represent the time required for a complete disappearance of the starting material to 
be observed, according to TLC analysis. bYield of oxathiane after purification by silica gel chroma- 
tography (230-400 mesh; hexanes eluent). C40% of the a&unsaturated dithioester 11 was also 
isolated. $20% of the a&unsaturated dithioester was formed during the reaction. 

Besides the single example reported by Meyers,” the Ad-1 ,Soxathiane ring system has been 

sparsely reported: as a bicyclic 2-imido-4-carboxamide form in some steroidal rhodanine 

derivatives,6 as a 6-0~0 form in one of several products from the reaction of two cyclopropenones 

with sulfur,9 and as a bicyclic 2-carboxamide-6-amido form from the cycloaddition-rearrangement 

reactions of nitroso compounds and 2H-pyran-2-thiones.10 Thus the 

first c 



We conclude that a novel class of heterocycles, 4-alkylthio-Ad-1 ,Soxathianes, are readily 

available via a facile transacetalization reaction. Research exploring the reactivity of these novel 

endocyclic ketene dithioacetals is currently underway. For example, we have found that these 

compounds undergo selective monooxidation to exocyclic sulfoxide derivatives. These and other 

investigations of the chemistry of the title heterocycles will be reported in due time.’ 1 
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