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The fomation of ally1 C-glycosides is well established. For example, in the synthesis of palytoxin,2 

Kishi, et aL. utilized the reaction of ally1 trimethylsilane, 1. with 2,3,4,6-tetra-O-benzyl-Dglucose. 2, to give 

the a-allyl-C-glycoside, 3, in an anomeric ratio of l&l. This type of reaction was reported by a number of 

researchers.3 

Scheme 1 
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The reactions of olefins with glycals are also well documented sources of C-glycosides. For example, 

Herscovici, et al., treated diacetyl L-rhamnal, 4. with 3-methyl-3-buten-l-01.5. to obtain the C-glycoside, 6.4 

As similarly stated above, related reactions have found utility in many publications.~ 

Scheme 2 

Whiie these examples illustrate precedence for the reaction of pyranose lactols with activated olefim and 

the reaction of pyranose glycals with unactivated olefms. there appears to be little or no precedence for the 

reaction of pyranose lactols, or derivatives thereof, with anactivated olefins.6 We now report that 1-O-acetyl- 

bcnzyl protected pyranose sugars form C-glycosides with unactivated olefm in the presence of Lewis acids. 

As shown in Scheme 3, the reaction of l-0-ace@-2.3.4-tri-O-benzyl-L-fucose, 7, with isobutylene. 9. 

and an excess of trimethylsilyl triflate gave the fused ring C-glycoside, 11.7 The reaction proceeded in >70% 
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yield in both methylene chloride and acetonitrile. Additionally, BF3.0Et2 could also be used. The proposed 

mechanism involves initial elimination of the acetate to form the oxonium ion, 8. This species then undergoes a 

Prins-type8 reaction with the olefm to give the tertiary carbocation. 10. Spontaneous cyclization with loss of a 

benzyl cation gives the product. 

Scheme 3 

Exploring the generality of this reaction, we studied 1-0-acetyl-tetra-0-benzyl-D-glucose, 12, l-O- 

acetyl-tetra-O-benzyl-D-galactose, 13, and I-O-acetyl-tetra-O-benzyl-D-mannose, 14. In all three cases, 

BFs.OEtZ was found to he too weak a Lewis acid to effect this reaction. However, the reactions of these 

compounds with himethylsiil triflate and isobutylene are summarized in Table 1. An additional example with 

L-fucose and methylene cyclohexane is also included therein. In all cases, the fused ring products were formed 

in yields ranging from 70-8096 and were easily purified by silica gel chromatography. 

Scheme 4 
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When comparing the data presented in Table 1, the anomalous results observed in the Dmannose case 

(Entry C) can be explained as shown in Scheme 4. The initial a-C-glycosidation gives the tertiary carbocation, 

16. This preference places the newly formed bond trans to the Z-benzyloxy group. The high strain associated 

with a 6-5 truns-fused ring system disfavors attack by the oxygen of the neighboring group allowing the triflate 

anion to add to the tertiaty carbocation giving 17 (yield unoptimized). The fact that the major isolated product 

was compound 17 lends support to the premise that the initial C-glycosidation is non-reversible and 

stereoselective. If any of the 8 anomer had formed, irreversible cyclization would be expected in the usual 

fashion as exemplified in the case of other pyranoses. Furthermote, if the glycosidation was an equilibrium 

process, we would expect that the bicychc system would become the major product. 
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In a typical experiment, I-0-acetyl-2,3.4-tri-O-benzyl-L-fucose (7. 10.24 g, 21.51 mmoles) was 

dissolved in methylene chloride (100 mL) and cooled to -10’ C under argon utilizing an ice-salt bath.9 
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Isobutylene (50 mL) was condensed at -78” C and poured into the above solution. B&O& was added10 and 

the reaction was maintained at -10” C for 30 minutes and quencha with saturated aqueous sodium bicarbonate 

solution (40 mL). After warming to room temperature over 1 hour, the layers were separated and the aqueous 

phase was washed with methylene chloride (50 mL). The combined organic phases were dried over magnesium 

sulfate, filtered and concentrated to dryness. Purification of the residue on silica gel (15% ethyl acetatiexane) 

gave the desired product (11.5.84 g, 71%) as a colorless oil.1 

In conclusion, we have demonstrated the feasibility of utilizing C-glycoside technology to form highly 

functionalized cis-fused tetrahydrofuran-tetydropyran ring systems in high yields. The structures present in 

nature containing this type of subunit include the halichrondrins.12 the herbicidins.13 and octosyl acid.14 The 

synthetic approaches utilized to target these classes of compounds generally utilize aldol reactions and related 

chemistry. Two other methods for the formation of the structures contained herein have been described. The 

fist, reported by Cabaret, et al.. involves the oxidative cyclization of a-C-ally1 glycosides.t5 The second. 

reported by De Mesmaeker. et aC., involves a radical cyclization from 2-O-ally1 selenoglycosides.t6 It is our 

hope that our new and generally applicable method for the formation of &-fused tetrahydrofuran- 

tetrahydropyran ring systems will fiid utility within the general realm of synthetic organic chemistry. 
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