
Pergamon Tetrahedron Letters, Vol. 38, No. 12, pp. 2095-2098, 1997 
© 1997 Elsevier Science Ltd 

All rights reserved. Printed in Great Britain 
PII: S0040-4039(97)00315-8 0040-4039/97 $17.00 + 0.00 

A Facile Synthesis of Dihydrofurans Utilizing Silver(l)/Celite Promoted 
Oxidative Cycloaddition of 1,3-Dicarbonyl Compounds to Alkenes 

Yong gok Lee* and Byung So Kim 

Department of Industrial Chemistry, College of Engineering 
Yeungnam University 

Kyongsan 712-749, Korea 

Abstract: An efficient synthesis o f  dihydrofurans has been carried out starting from 
1,3-dicarbonyl compounds © 1997 Elsevier Science Ltd. 

The oxidative addition reaction of carbon-centered radicals to alkenes mediated by metal salts 
(Mn m, Ce rv, and Co u) has received considerable attention over the last decade in organic synthesis for 
construction of carbon-carbon bonds.~ The utilization of high valent metal salts in oxidative addition 
reactions has been particularly effective. Among these, manganese(Ill) acetate and cerium(IV) ammonium 
nitrate (CAN) have been used most efficiently, z3 However, their synthetic exploitation has been limited by 
strong acidic reaction conditions and by overoxidations due to substitution of acetate or nitroxy groups. ~ 
Necessity for overcoming these problems has prompted our search for the possibility of using silver(l) 
metals. In related work, Malek 7 has demonstrated the usefulness of Ag(II) oxide for the generation of a 
carbon radical and Saegusa 8 has reported the oxidative dimerization of I~-diketone by using Ag(I) oxide. It 
has been also reported by Fetizon that silver(I) carbonate/Celite is a valuable reagent for the oxidation of 
alcohols to aldehydes and ketones in high yield. 9 

Precedents for a process in which Mn(III) and Ce(IV) mediated oxidative additions of 1,3- 
dicarbonyl compounds to olefins deliver the dihydrofurans come from the work of Corey ~° and Baciocchi. H 
We have been interested in transition metal mediated oxidative radical cyclization of  1,3-dicarbonyl 
compounds with olefins. We report here that Ag(I)/Celite is an efficient and useful reagent for the oxidative 
cycloaddition of 1,3-dicarbonyl compounds to olefins, which allows the synthesis of dihydrofurans in good 
yield. 

Two equivalents of Ag(I)/Celite are used to bring the reaction to completion. The reactions are 
typically carried out by refluxing a solution of a 1,3-dicarbonyl compound with an alkene (5 eq) in an 
anhydrous solvent. Reaction of 1,3-cyclohexanedione 1 with ethyl vinyl ether was attempted utilizing 
several silver(I) reagents. Both silver(I) oxide and silver(I) carbonate provided the desired dihydrofuran 2 in 
good yields, whereas AgOAc, AgNO3, and AgBF4 gave no reaction. Most interestingly, we found that the 
readily available reagents, 50% silver(I) oxide/Celite or 50% silver(I) carbonate/Celite, are more efficient 
than silver(I) oxide or silver(I) carbonate for the production of dihydrofuran 2 as shown in Table 1. More 
importantly, the incorporation of Celite resulted in reduced reaction time and in improved yields. However, 
addition of silica gel resulted in a low yield (31%). 

In an effort to optimize reaction conditions, we surveyed several solvents for the production of 
dihydrofuran 2 with the Ag20/Celite system (Table 1). Nonpolar solvents such as benzene or heptane gave 
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only low yields (15% or 10%) of dihydrofuran 2, presumably due to the insolubility of silver(I) oxide. In 
contrast, when the polar solvent acetonitrile was used, the yield was dramatically increased to 80*/0. 

Next, we investigated the reactions of several 1,3-dicarbonyl compounds to alkenes such as ct- 
methylstyrene, exo olefins, vinyl ether, and vinyl sulfide. The results are summarized in Table 2. In the IH 
NMR spectra, the synthesized dihydrofurans are identified by the chemical shifts associated with a 
methylene group of the dihydrofuran ring. 12 In the case of entries 1-5, only a single product was seen. In 

Table 1. Effect of Silver(I) Metals and Solvents in the Reaction of 1,3-Cyclohexanedione 
with Vinyl ether. 

O O 

 o °Et silyer(I) = OEt 
solvent 

1 2 

silver(I) solvent temp. time(h) yield(%) 

AgNO3 acetonitrile reflux 5 0 
AgOAc acetonitrile reflux 5 0 
AgBF 4 acetonitrile reflux 5 0 
Ag2CO3 acetonitrile reflux 5 70 
Ag2CO3/Celite acetonitrile reflux 3 78 
Ag2CO3/silica gel acetonitrile reflux 2 31 
Ag20 acetonitrile reflux 4 69 
Ag20/Celite acetonitrile reflux 2 80 
Ag20/Celite DMSO 80 °C 1.5 46 
Ag20/Celite DMF 80 °C 1.5 36 
A~O/Celite benzene reflux 4 15 
Ag20/Celite heptane reflux 4 10 

entries 6-9, both the cis and trans products were obtained in good yield. The stereochemicai assignment of 
cis- and trans-isomers was defined by observation of the coupling constants between vicinal protons. 

In spite of the widespread use of a number of metal oxidants, there is no direct precedent for metal 
mediated oxidative cycloaddition of 1,3-dicarbonyl compounds to olefins such as entries 4 and 6-9. In 
particular, application of this reaction led to the synthesis of furanocoumarin 10 and furoquinolinone 11, 
which were known to have anthelmintic, hypnotic, antifungal, and anticoagulant activities. J3 

Although the exact mechanism of the reaction is not clear, this result is best described as in Scheme 
1. The 1,3-dicarbonyl compound 1 is first oxidized by silver(I) metal to generate the ct-oxoalkyl radical 12, 
which then attacks the olefin to give the radical 13. The nucleophilic adduct 13 now undergoes fast 
oxidation by silver(I) to a carbonium ion 14 which cyclizes to the desired dihydrofuran 15. 

In summary, the silver(I)/Celite mediated oxidative addition of 1,3-dicarbonyl compounds to 
olefins such as vinyl ether and vinyl sulfide offers a facile and simple method for the synthesis of substituted 
dihydrofurans. Further mechanistic studies and application of this reaction will be investigated, now in 
progress in our laboratory. 
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Table 2. Synthesis of Dihydrofurans 
Entry 1,3-Dicarbonyl compound Olefin Silver(l]tCelite Product Yield 

O 
o o  

o o  

2 ~ fi-Ph Ag2co~ 91 

o o  

3 "~J~'OEt mg2CO3 
56 

O 

4 ~ O  ~ Ag2CO3 ~ 72 
O 6 

O O P h h ~  
5 ph-~JJ"-ph //"'OEt Ag20 89 

P OEt 
O 7 

O O E t O - ~  
6 ~f[l, .OE t g'7"'OEt Ag2CO3 92 (cis:trans=75:25) f "O f ~OEt 

o 
/ ~ O  ~V/'""SPh (cis:trans=62:38) 

OH 

~ o  '~"'./"OEt (cis:trans=75:25) 

OH 

~ o  '~"'.,""OEt (cis:trans=75:25) 
I 

(c is:trans=47:53) $ 
O 

Ag2CO3 ~ ~ - S P h  86 
/ V ~ O  9 

(cis:trans=49:51)OEt 

@ 0  1 6 6  Ag2CO3 0 
(cis:trans=23:77)OE t 

Ag2CO3 @ O  55 
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