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Abstract : Dihydrothieno[2,3-b]-benzothiopyran-4-ones arc easily obtained by an intermolecular 
radical addition to an unactivated olefin using an S-o-fluomphenacyl xanthate followed by a novel, 
base induced domino cyclisation. © 1999 Elsevier Science Ltd. All rights reserved. 

As part of our ongoing study of the radical and non radical chemistry of xanthates, 1 we considered the 

possibility of rapidly constructing the pharmacologically interesting 2 but hitherto not readily accessible2, 3 

tetrahydro-l-benzothiepine system. Our three-step approach, outlined in Scheme 1, hinged on a) 

intermolecular radical addition from 2,4-difluorophenacyl xanthate 1 onto an olefin 2; b) aminolysis of the 

xanthate group in the adduct, 3; and, finally, base induced ring closure. In the event, this sequence could be 

implemented quite easily as shown by the efficient obtention of compounds 4a,b. However, when we 

attempted to carry out the xanthate cleavage and ring closure directly by refluxing the radical adduct 3a in a 

suspension of potassium carbonate in a 1:9 mixture of methanol (or t-butanol) / acetonitrile, the reaction took 

another course leading to the nicely crystalline tricyclic derivative 5a in nearly quantitative yield. 
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This initially surprising finding can be rationalised by the simplified mechanistic picture displayed in 

Scheme 2. Under the modified conditions, enolate formation is faster than cleavage of the xanthate group, 

and the Claisen-like shift of the thiocarbonyl moiety is then followed by nucleophilic aromatic substitution 

and loss of ethanol to provide the observed product. 
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Thieno[2,3-b]-benzothiopyran-4-ones have hardly been described in the literature. Two early patent 

applications, 4 mentioning their synthesis and use in the preparartion of drugs for treating psychotic 

disturbances, were followed by a brief study by Majumdar and his co-workers 5 and by a report on the 

benzo-fused series. 6 In contrast to these previous approaches which lack scope and flexibility, our 

serendipitous route to this class of heterocyclic system is short, efficient, and fairly general. This is 

demonstrated by the examples collected in Figure 1 below. 
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2,3,5 ~ / . - - S  ~ R  ~ Et 
a: R = -(CH2)sCH3 2 F F R 
b: R = -NHBoc 
c: R = -(CH2)sCH2OAc 3a (82%) $a (92%) 
d: R = -PO(OFth 3b (78%) Sb (59%) 
e: R = -C(CO2Ft)2NHAc 3c (85%) 5c (90%) 
f: R = -OFt 3d (81%) $d (61%) 
g: R = -SiMe 3 3e (76%) 5e (90%) 
h: R = -CF2PO(OEt) 2 3f (62%) 5f (70%) 
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Figure 1 

The large variety of substituents that can be introduced in the side-chain results from the power of the 

first radical addition step which tolerates many functional groups. Adduct 3h was previously used in a 

synthesis of a thionucleoside analogue 7 but, under the present conditions, it leads to the corresponding 

benzothiopyran 5h in 60% yield. A typical experimental procedure and spectroscopic data for compounds 

3a, 4a, and Sa are given in reference 8. 
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We noticed with some examples ($b, $d, Sf-h) that, under the standard conditions, the yield was 

lower than usual due to the formation of variable amounts (6-11%) of two other side-products which, in 

most cases, could not be separated from each other by chromatography. NMR and GC-MS indicated in each 

instance an equimolar amount of the corresponding benzothiepine 4 derivative and an unexpected xanthate of 

structure 6. These structures were eventually confirmed in the case of 3g where these two minor side 

products (respectively 4g and 6g) could be obtained reasonably pure by flash chromatography. 

The origin of these two derivatives may be explained by the reaction manifold in Scheme 3. 

Intermediate 7, en route to 5, can apparently also open to the thiolate 8 which undergoes an intermolecular 

transfer of an ethoxythiocarbonyl group from the starting material to give 6 and another thiolate 9. The latter 

can now only evolve into the benzothiepine structure 4. Thus, each time a molecule of 6 is produced, it 

causes the formation of a molecule of 4; whence an equimolar mixture of the 4 and 6 observed in each case. 

The importance of these unwanted side reactions can be reduced by simply decreasing the concentration of 

the starting xanthate 3 in the medium. Indeed, portion-wise addition (one third added every 30 rain.) of a 

solution of 3b in a acetonitrile / t-butanol to the refluxing suspension of potassium carbonate in the same 

solvent mixture resulted in a significant improvement in the yield (from 59% to 75%) and a decrease in the 

amount of side products 4b and 6b (from 11% to 5%). 
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In summary, we have uncovered an unusual route to a little known class of heterocyclic compounds. 

This accidental finding also highlights the versatility of the radical xanthate transfer which not only allows the 

intermolecular formation of a new carbon-carbon bonds but also leads to adducts which, in this case, can be 

used to prepare either benzothiazepines or dihydrothieno[2,3-b]-benzothiopyran-4-ones, depending on the 

experimental conditions. Moreover, in the examples we have studied, the presence of the p-fluorine opens 

the way to the introduction of  a large variety of substituents (amines, aryloxy, sulfides, etc..) by 

implementing a second, intermolecular nucleophilic aromatic substitution. 9 Finally, the possibility of 

replacing the fluorine by other leaving groups is being examined, as this will also increase the scope of the 

process. 
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