
The l_+Jse of brans-&$Diviny! $i$oxides as precursors to 
Carbonyl Ylides 

Whe-Natn Chou and James FL White* 

Department of Chcmisuy, Box 19065, The University of Texas at Arlington, Arlington, Texas 76019 

Key Words: vans-2,3-divinyl epoxides; czvbonyl ylides; [3+2J cycloadditions: synthesis of furans: synthesis of 4,5-dihydrooxepins 

Abs&ucr: ~r~~~-2,3-Riy~~y! qpoxides have been found to be good substrates for tix gcncratinn nfra~bo!ly! ylides in 
CC14 at 145 ‘T. These ylides, LO a Iimited extent, undergo isomcrizkon to ois-2,3-divinyl epoxides, leading to the 
isolation of 4,Sdihydrooxepins. Of greater potential uscfulncss is tbc finding that these ylides can be efficiently trapped 
in an intermolecular sense by a dipolarophile, leading to dihydrofumns. 

Whereas trans-i,2-divinylcyclopropanes oftentimes provide the products from their formal [3,3] 

sigmatropic rearrangements, 1,4_cycloheptadienes, in synthetically useful yields, 1 the Cope rearrangements of 

2.,3-divinyl epoxides cleanly provide the corresponding 4,Sdihydrooxepins in good yield only when the 

~fereo~herni~try of the cpoxlde is cis. Thermal rearrangements of tmns-2,3-divinyi epoxides have lieen 

reported? but generally lead to a mixture of products. For example, although the rearrangement of epoxide la 

at 230 T was originally reported to give only 4,Sdihydrooxepin (2a),2b ’ it was later determined that heating la 

at 178-288 “% resulted in a XL90 mixture of 2a and dihydrol’uran =?s.zC T?K hiradical from homolgtic scissir:,n 

of the carbon-carbon bond of the epoxide was proposed as an intermediate in this reaction, but later work with 

other trans-2,3-divinyl epoxides, 2d-g particularly the rearrangement of epoxide lc to give dihydrofuran 3c as 

only the cis isomer,~~- 2d e provided convincing evidrncr that the tm~: intermediate is a carbonyl yli& In the case 

of epoxides 4a-b,2h-i the aldehydic group would be expected to stabilize by resonance the anionic portion of the 

carbonyl ylide, and thereby lower the temperature necessary to effect rearrangement.3 In fact, heating 4a at 160 

T gave the product from formal [3,3] sigmatropic rearrangement, oxepin Sa, albeit in only 11% yield, while the 

more substituted derivative 4b decomposed upon heating at 130 “C. Herein we report our omwn investigation of 

the use of truns-divinyl epoxides as carbonyl ylide precursors. 
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The rruns-epoxides were prepared from the enynols 6a-b by a modification of our earlier procedure.= 

LiAl& reduction gave predominantly the trans-allylic alcohols, which were converted in two steps to the 

epoxycarbonyl compounds 7a-h. Wadsworth-Homer-Emmons olcfination then gave the @-unsaturated esters 

and nitriles I and 9 as separable mixtures of the E and 2 isomers. 4 In order to test the uscfulncss of these trans- 

epoxides as precursors to 4,5dihydrooxepins, the methyl esters Sax and 9ax were each heated in CC4 and 

found to rearrange stereospecifically to the 4,5-dihyrooxepins 12ax and 13ax, respectively.5 This result is 

consistent with the stereospecific but par”~ial conversion of [he Iruns-epoxide KJ the ci?; isomer through a earbony! 

ylide intermediate that maintains the stereochemical integrity of the olefinic geometry. 

“i( iELi& J+O ~~~~Ms~y +msp 
TMS y: Y=CN2 8ax, ay, a2 9ax, ay 
68-b 7:i=b z: Y-CQ$l #by, bz 9hy, hz 

lOax-llax 12ax: Y=C02Me, Z=H 

t 

13ax: Y=H, Z=C02Me 
8ax: Y=COzMe, Z=H 
9ax: Y=H, Z=CO,Me 
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Although not a synthetically useful result from the viewpoint of preparing 4,5-dihydrooxepins, these 

results encouraged us to investigate the potentlsi utlllty of using the trrrn.?=epoxides as sources of ca&onyl ylides 

in [3+2] cycloadditions. The generation of such ylides from epoxidrs substituted with aromatic or electron- 

withdrawing substituents has precedence, 6a but most of the synthetic applications of such 1,3-dipoles have 

made use of carbonyl ylides generated by the intpanloleculnr ;~ddi!ion of n rnrbenoicl spccigs to the oxygen atom 

of a nearby C=O bond.eb When tmns-2,3-divinyl epoxide 8az was heated in the presence of one equivalent of 

the dipolarophile dimethyl acetylenedicarboxylate (14) (145 “C, 40 h, CC&), 2,Sdihydrofuran 1%~ was 

isolated in 30% yield along with a 9% yield of the product from fomlnl Cope rearrangement of 8az, the sis- 

oxepin 12~. This result indicated that the carbonyl ylide had a sufficient lifetime to IX competitively trapped 
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intermolecularly prior to its consumption either by kound mtatinn and ring closure to the cis-epoxide, of by 

intervention by some other alternative process. The use of two equivalents of the dipolarophile led to an increase 

in the yield of the [3+2] cycloadduct and a commensurate decrease in the yield of oxepin 12az. These latter 

cxv!,ndit.icsn$ were adopted as our standard conditions for a preliminary examination of the potential use of this 

reaction for preparing 2,kiihydrofurans. The reaction uf the methyl ester with the E configuration @ax) 

resulted in a lower yield compared to the ethyl ester 8az, but the methyl ester with the 2 configuration (9ax) 

gave a comparable yield to the ethyl ester with the E geometry. The higher yield under comparable conditions 

for the Z isorncr c_~dr the E isnmer was aisn &served in the o&r pairs of substrates that were fested. In the case 

of the esters 8bz and 9bz, this difference is in p‘art a reflection of the greater reactivity under these reaction 

conditions of the ester with the Z stereochemistry (9bz), as a significant amount of the (E)-a&unsaturated ester 

Xhz was wcav~A from its reaction. For the n.p-unsaturated nitriles, not only does having the Z configuration 

raise the yield, but the methyl substituent on the beta carbon of the n&unsaturated nitrile also seemed to aid the 

[3+2] cycloaddition. It should also be noted that in all of these cycloadditions, the stereochemical integrity of 

both double bonds of the divinyl epoxide were maintained throughout the course of the reaction.7 

Table. Reaction of trans.2,3-Divinyl Epoxides with Dimethyl Acetylenedicarboxylate (14) 

~M~~~~~,4~~~ ~~~~,~M~~ ?J--$$ 
2 2 2 COzMe 

8 9 15 16 

Entrv Subsrm R Y Product Yield{%\ Contaminant (a/,) 

11 8az H COzEt ljaz 30 12az (9) 

2 8az H C02Et 15az 43 12az (6) 

3 8ax H C02Me Sax 25 12ax (2) 

4 9ax H COaMe 163x 41 13:1x (9) 

5 Xbz Me C&Et 1.5bz 2x 8bz (28) 

6 9bz Me COzEt 16bz 41 9bz (trace) 

7 Xay II CN l%y 24 

8 8by Me CN 15by 40 

9 9ay H CN 16ay 39 

10 9hv .__~ _&I -2 

IOnly one equivalent oPdimethy1 acetylencdicl~boxylate was used in this experiment. 

These cycloadditions appear to be of a general nature, as, for example, heating epoxide 8az under the 

standard conditions wilh the substitution nf two equivalents of N-phenymaleimide as the dipolarophile led to a 

40% yield of the corresponding [3+2] adduct, along with a 6% yield of oxepin 12az. The cc&unsaturated 

functionality may be important to the success of the generation of the carbonyl ylide, as, for example, heating the 



methyl ketone 7b under our adopted standard conditions led to an 80% recovery of the ketone and no discernible 

product from a [3+2] cycloaddition. This method for generating carbonyl ylides for the purpose of doing ]3+2] 

~y~l~~~d~ti~ns ~os~plir~en~s the use of ~~~nyl yhdes generared from ~~beno~d add~t~~I1 to an ~dja~nt carhonyl 

oxygen, and leads to richly functionalized furan derivatives. Studies to optimize the cycloaddition reactions and 

to make use of the cyGIoadducts are in progress and will be reported in due course. 
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