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Summary: Cyclizationu of 1-methoxyearbonyl-2.oxa-5-hexenyl (and rclared) radical intermediates, 
generated from phcnylthio precursors. proceed in good yields and mainly lead to substituted 2. 
retrahydrof”ranc;irboxylic esten. 

In recent years the cationic species I and 2. characterized by the prcscnce of n srnhilizing (csrbamate 

nitrogen and ether oxygen. respectively) and a destubilizing (methoxycxhonyl) subvtituent directly bonded 

to the pnsirive carbon, have proven to be useful synthetic inrermedimes. which readily cycli?e to mainly 

six~membrred aza and oxacyclic carhoxytic CSICTS. ‘-* The corresponding radical species 3 and 4, on the 

contrary, are stabilized by both the heteroatcm and the rstcr substituent. It has been suggested, that the 

presence of b”Ih an electron~dcnating and an electmn-withdrawing scbstituent has a synergistic effect on 

radical stability, the so-called cnpro-darive effect.3 One may thus wonder whether 3 and 4 are reactive 

enough to cyclize ““to an onactivated nlkene. We have recently shown Ihat 3 indeed cyclizes surprisingly 

smoothly ro mainly proline derivatives, acd thus nicely complemenrs the cationic variant.4 In this paper we 

show that 4 cyclizes to mainly 2-tetrahydrofuranc;b”x~tic esters, albeit somewhilr less readily than ring 

rl”s”rc uf 3. 
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‘The general reaction seque~~xe is show” in eq 1. Treatment of the unsaturated alcohols 5 with 2.chloro- 

2.(phenylthio)acetic acid ethyl ester h5 in rhe presence of zinc acetatr dihydrare in retluxing benzene with 

a Dean Stark trap gave the desired radical precursors 7-17 in ahoot 75% yield in most cases (see Table)P 

The starting alcohols 5 were commercially available cxccpt for those leading to 1O,7 12,’ and 13.9 Radical 

cyclizntions were carried cut by dropwise addition of a co. 0.1 M solution of tri-n-bctyltin hydride (1.5 

eqciv) and 2 .2’~az”bisis”butymnitrite (AIHN; catalytic amount) in benzene to a refluxing ca. 0.07 M 

solution of 7-17 in benzene under a nitrogen atmosplrerc over a period of 6 h. The results of seven l- 

mrthoxycarbonyl-2.ox~-S-hexenyl radicals (from 7-131, one corresponding S-hexynyl radical (from 14), and 

three corresponding 6-heptenyl radicals (from 15.17) are detailed in the Table. Most products could be 

obtained pure by using flash chromarogw.phy.ttl Preparative gas chromatography1 ’ wic( required for the 
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separation of the cyclizarion products from precursors II and 14. This cisltrans isomers of 18, 19, and 20 

could not be separated. lo some cases uncyclixd re,duction products (Z-33) were isolntcd. 

5 6 7 - 17 16. 27 

All radical cyclization products were unknown in the literature. The structural and stereochemical 

assignments were mainly based on lH and 13C NMR analyses. The IH NMR signals of the mefhine 

hydrogens adjacent to the ester function were most diagnostic, and are given in the Table. The c&2,3- 
substituted tetrahydrofurancarhoxylates always showed a lower field absorhtion (ca. 4.4-4.6) for this 

hydrogen (see 1X-20, 23), than the rran.-compounds &a. 4.0-4.3). Except for 23, the ciu-compounds had 

larger vicinal coupling constants than the Vans-systems. These findings were in agreement with results for 

the 3-vinyl aoalogue,2 and the corresponding pyrrolidine syste~ns.~ The stereochemistry of 23 and 26 was 

further established by using NOE difference measurements. The vicinal coupling constants of the csrer 

methine hydrogens in the tetrahydropyran systems 22, 25, and 27 provided good evidence for their 

stereochemistry. The methyl esters corresponding IO 22 were known compounds.12 The ring fusion 

srereochemisary in 25 was based on literature ar~alogy.~.~~ 

The results in the Table indicate that cyclhation of 2.oxu-5-hexenyl radicals 4 (from precursors 7-13) 

proceed in preparatively useful yields. Howcvcr, compmison wirh previous results on cyclizatians of the 

nitrogen annlogue 34 shows some differences. Firstly, cyclizations of the ether systems SCCII~ ro be less 

facile than cyclization of the carbamates. This is illustrated hy the formation of 28% of uncyclircd reduction 

product 28 from 7, while under comparable conditions the ,malogour carhamate gives only cyclization? 

Similiuly, precursor 17 gives no cyclization rx all, whereas the nitrogen analogue provides 29% cyclizatiun 

product in addition to 54% uncyclized product. Secondly, 4 shows a greater preference for 5.exe cyclization 

than 3. We have found earlier that the parent 3 (R = H) gives a 2/l ratio of exe vs. endo cyclization. The 

radical from 7 on the other hand gives exclusively exe cyclization. Geometric factors, i.e. the bond angle of 

ax ether oxygen (cu. 1 IO”) vs a carbamare nitrogen (ca. 120”) might he responsible for this difference.14 

Thirdly, there is linle preference for the formaion of either fauns- UI ciu-2.3.disubstituted tetmhydrofurnns. 

This is in between the results for l-substituted 5.henenyl radical cyclizatinn,‘5 which give mainly the cis- 

products, and the nitrogen analogues 3.4 producing mosrly the rmns-products. A large 2,3-cis-selectivity in 

tetrahydrofuran formation has been ohserved in w ionic reaction prweeding via 2.’ 

The 2-oxa-S-hexyoyl radical cyclization from 14 proceeds in excellent yield. On the contrary, the Z-oxa- 

6-hrptenyl radical cyclizes only if a reactive olefin is available as in 16. Remarkably, the product is formed 

RS a single isomer 27 with all sobsriruents in an equatorial orientation. Precursors 15 and 17 only led to 

uncyclized reduction products 32 wd 33, respectively. 
The preparation of oxygen heterocycles by way of radical cyclization is a topic of high current 

interest 16 . . m pxt~uld~ m the synrhcsis of Inctones. 
dkoxy16”-c 

l7 Such cyclizations have been performed via a- 

as well as a-ester’7e-g radical inrermediates. We have now shown that the direct attachment 

of both these functional groups to the radical carbon still allows synthetically useful ring closure reaCtiOns. 
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Obvious applications of the products are the reduction to carhobydrate analogues and the onidative 

decarbonylation to lactones.‘S 
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