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Abstract: Simple aryl-substituted carbonyl ylides are genemted by the silicon-bused 134ndnation of 
chlorowuthyl trimethylsilyl(a-aryl)methyl ethers prowtoted by jluoride ion under ndki ond neutral conditions 
which provi& an one-step synthesis of &$&mns and tetmhy&qkmns via J3 + 2J cycloa&tions to octiwued 
muldple z-bondc such as o$-- d alkenes and al&es. 

1.3-Dipolar reagents are important and interesting chemical species from both synthetic and theoretical 

points of view.2 Among them, we have already reported that nonstabilii 1,3-dipoles such as axomethine 

ylides and thiocarbonyl ylides have been prepared by the silicon-based 13-elimination under mild and neutral 

conditions, however, granted, not for carbonyl ylides. 3 Especially the practical efficient methods for the 

generation of carbonyl ylides and their applications to synthesis of tetrahydrofurans and related furans have 

remained still unexplored, due to extremely reactive transient species that have been generated by thermal or 

photochemical ring-cleavage of oxiranes and oxadiaxolidines and carbene additions to carbonyls.4 Recently 

Padwa and his co-workers made considerable progress in the generation and synthetic use of stabilized carbonyl 

ylides by the rhodium (II)-catalyzed reaction of a-diazo ketones with carbonyl compounds.5 however, the 

results have so far been restricted to stabilized a-keto carbonyl ylides and the efficient methods for the generation 

of carbonyl ylides are still unsuccessful. To overcome these limitations, for convenience sake, Linderman and 

his co-worketx have recently described the stepwise synthesis of tetrahydrofurans using both nucleophilic and 

electrophilic carbonyl ylide synthons, but not carbonyl ylides themselves.6 In view of the above background. 

we report herein the novel findings that simple carbonyl ylides are indeed expediently generated by the silicon- 

based 13-elimination under mild and neutral conditions which provide a powerful one-step synthesis of 

dihydrofurans and tetrahydrofumns7 via [3 + 21 q&additions to multiple rt-bonds (Scheme I). 

The starting chlotomethyl nimethylsilyl(a-aryl)methyl ethers 1 were readily prepared by the reaction of 

trimethylsilyl(a-atyl)methanols 28 with formaldehyde in water by passing through hydrochloric acid at 0 Y! in 

reasonable yields.9 

Table I summarized the results of the [3 + 21 cycloaddition of carbonyl ylides 3 generated from the ethers 

1 induced by cesium fluoride to activated alkenes and alkynes 4. IoJl As a general procedure, a solution of a 

dipolarophile 4 (2 mmoles). an ether 1 (1 mmol). and cesium fluoride (1.2 mmol) was stirred in dry acetonitrile 

(5 ml) at room temperature for 7.5 h under a nitrogen atmosphere. Saturated NaHm and ether were added, 
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and then the organic layer was separated and dried over Na2S04. Evaporation of the solvent yielded a crude 

product which was purZ~~~; ylm chromatography on silica gel. 

Among the promoters examined, cesium fluoride exhibited the excellent activity to afford the adduct 5 in 

good yield. For example, the ether la reacts smoothly with dimethyl acetylenedicarboxylate (48) in the presence 

of cesium fluoride (dried under vacuum at 90-110 Y! for 2 h) in acetonitrile to give exclusively 3,4- 

bis(methoxycarbonyl)-2-phenyl-2,5dihydrofuran (5a) in 65% yield (entry 1). With methyl propiolate (Sb), a 

regioisomeric mixture of 3- and 4-methoxycarbonyl-2-phenyl-2,5-dihydmfurans (Sb) (7624) was obtained in 

79% yield (entry 2). To ascertain the mgiochemistry of the CsF-promoted cycloaddition products, the isolated 

adducts 5b and Sb’ were converted to the ccnresponding hydroxymethyl-substituted f’uran derivatives 7g and 

7g’. respectively, by oxidation with N-bromosuccinimide (NBS) followed by reduction with lithium ahninum 

hydride. The NOE between ortho-proton @-Id) and hydroxymethylene protons (Hc), furan ring proton (Ha) in 

7g and 7g’ was observed by the 1H NMR spectroscopy. The ratio of mgioisomers was determined by the peak 

of benxylic protons. 

Reaction of la with dimethyl fumarate (4~) and dimethyl maleate (4d) gave selectively the 

corresponding stereoisomeric mixture l2 of 3.4~rruns- and 3,4-cis-methoxycarbonyl-2-phenyltetrahydrofurans 

(5e) and (5f), respectively, with retention of the stereochemistry in a stereo-controlled mode. Likewise all 

alkenes 4 having electron-withdrawing group(s) examined undergo cycloaddition very efliciently.l3 

Precursors lb and lc of other aryl-substituted carbonyl ylides @-Cl and p-Me) are all suitable reagents 

for this 13 + 21 cycloaddition toward activated n-bonds such as methyl propiolate, and good yields of furan 

derivatives 5 can be obtained (entries 3 and 4). It is worth to note that the reactivities of lb and lc toward 

methyl pmpiolate and the regioselectivity in thii q&addition am ahnost similar to those of unsubstituted la. 

In summary, this work describes a short and efficient generation of aryl-substituted carbonyl ylides, 

which has been achieved by the novel 1,3elimination of chlorometbyl silylmethyl ether&l3 and thus provides a 

straightforward and stereospecific access to dihydro- and tetrshydrofursns which were often found in useful 

biologically active materials. The ethers 1 can be viewed as synthetic reagents to carbonyl ylides 3, storable and 

easy to handle. The usefulness of the present reaction was mostly displayed by a simple way to access to 

carbonyl ylides and their one-pot cycloaddition to dipolarophiles, as well as ready accessibility of the starting 

materials and simple manipulation of the conversion under mild and neutral conditions required for the 
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generation of the ylides. Further related study including the generation of the parent carbonyl ylidet4 is focusing 

on both details of mechanisms of this [3 + 21 cycloaddition promoted by fluoride ion and further synthetic use of 

carbonyl ylides generated by the new method. 
Table I.Rmuiond crmomnethylsiilnx?tbylElha lwithEk2arm~~ B 

entry CUlEZl llkam34 %yiddC 

Id la(Ar=C&) Ak@CSMC 

4a 

2 la 

3 lb(Ar=pClC& 4b 

4 lc(Ar=pMeC&) 4b 

SC + 5c’ (so:2oy 85 

Sd + Sd’ (7525)’ 76 

5f la 
Me F Me2 4c 

6” la 

7 la 

8 la 

la 

65 

79 

81 

65 

81 

43 

a Ccditions: l(1.0 mmol). 4 (2.0 mmol), CSFJ (1.2 mmol) in CHJN (5 mL) at lt for 7.5 h unless okwise 

wted.Fardaails,scefoomotc9mdthcsupplanemruymataial. ‘Amixtmofsmeoisomrs. ‘Isolntcdyidd 

by silica gel cdomatomy. d Cdtim la (1.0 mmol), 4a (4.0 mmol), CSF (2.4 mmol) for I5 h. ‘The ratio 
ofregioisonxrs-byNMR. /155h. ~l%eratioofstem~dnerminedbyNMR *C!ondititns 

la (lAmmol).4d(l.Ommol). ‘Ckmditia la (1.4mmol).4~(1.0mmd).CsF(l5nrmol)for16h. 
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