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Abstract. The thermal conversion of the (Z)-epoxyhexenynes 3a/3b into three --. pairs of isomeric vinylfuran derivatives is explained on the basis of a multi- 
step mechanism with butenynyl carbonyl ylides, 
as intermediates. 

cycloallenes and vinyl carbenes 

Among the numerous known furan syntheses the thermally induced conversion 

of epoxyhexenynes into 2-vinylfurans represents a useful and versatile new 

route (type I-11). 
2 

In connection with investigations on the application of 

such furan systems for preparative purposes, derivatives of II were needed 

which bear a terminal ketone functionality at the vinyl unit (group A in II). 
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In this communication we report on our findings with two carbonyl com- 

pounds, 3a and 2, which have been prepared by aldol condensation of (Z)- - 
pentenynal (1) and subsequent regio- and stereoselective epoxidation of 2 3 

with hydrogen peroxide in alkaline solution. 4 

Under short-time thermolysis conditions 
2 

at 350 OC/lO s both derivatives 

were converted to products in 70 -80% yield. However, careful analysis of the 

reaction mixture revealed that in addition to the expected 2-vinylfurans 

(E/Z)+ two further pairs of isomers have been formed in each case, namely 

the aldehydes (E/Z)-2 and (E/Z)+ (see Table 1). 

The structural proof for the compounds i- 

sive 
1 

5 has been carried out by exten- 

H-NMR investigations (Table 2) in combination with 13 C-NMR data of 

(E/E)-5b and 6b (Table 3). - - 
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Table 1. Thermolysis Products of 3a and 3b a) 
- 

1 
4 (E/Z). 2 (E/Z) 5 (E/Z) 

3a 62 (11:l) 28 (2 :3) 10 (1: 2) - 
3b 49 (15 :l) 15 (3 :2) 36 (1 :l) - 

a) Relative yields in %. Total yield 70 -80% 

The unexpected results of the thermal reactions are explained on the basis 

of the following mechanistic considerations (as illustrated in the Scheme): 

1,3-dipolar cycloreversion of z,b leads to the conjugated carbonyl ylides 2. 

which react by 1,7-electrocyclization affording the highly strained seven- 

membered cycloallenes 8. 
5 

Although the formation of the furans 2 and 2 might 

take place by simple recombination of the subsequently formed bis-oxapenta- 

dienyl radicals 10 (between the positions 5/l or 5/9, respectively) the car- - 
benes 11 represent other possible precursors. Depending on which oxygen par- - 
ticipates in the oxadienyl-carbene cyclization 6 (i.e. the former r i n g 

or carbonyl oxygen) either 4 or 2 are produced, the ratio being de- 

termined by the favored conformation of 11. In view of this alternative the - 
question arises if diradicals like 10 are involved at all in the reaction - 
process, because not only a direct transition 8 411 is conceivable but also 

a route via the Oxa-Cope products 2 
7 
which then undergo the well known 

cyclopropene-vinylcarbene rearrangement 8 leading to the bis-oxabutadienyl 

carbenes lla,b. 

Convincing evidence for the intermediacy of structures like 2 and 11 has 

been obtained by the occurence of furans 5 as the third thermolysis products. 

The specific substitution pattern can be satisfactoryly explained by assuming 

(i.) cyclization of 11 to the cyclopropenes - 12, (ii) reopening of 12 with 

formation of the isomeric vinylcarbenes 13 which (iii) finally undergo 6e- - 
ring closure affording the furans 2. 
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Summary. The results with a,& support the general mechanistic concept pro- 

posed earlier for the transformation of epoxyhexenynes into vinylfurans. 2 

However, with regard to the deactivation pathway of the intermediate hetero- 

cycloallenes the involvement of carbene spezies, instead of or in competition 

to diradicals, has to be considered in the above examples. 9 

Table 2. 1 Ii-NMR Data of (E/Z)-4a,b, -- Sa,b and &,b 

Lvalues (CDC13, 250 MHz) JR,H (HZ) 

2-H ~-H(R) 4-H 5-H(R) l'-H(R) 2'-H CHO COCH3KOPh 3,4 495 1',2' 

(EL% 1.7 16.0 - (2.17) 6.35 7.41 7.34 6.57 - 2.32 

(Z)-4a (2.10) 6.31 1.39 6.46 5.93 - 2.31 1.7 12.5 - 

w-z (2.16) 6.34 7.41 7.69 7.40 - 8.0-7.4 - 1.7 15.0 - 

(Z)-S (2.18) 6.28 7.34 6.76 5.92 - 8.1-7.2 - 1.7 12.0 - 

(E)-5a* 6.73 6.14 (2.39) (2.35) 6.48 10.01 - 3.4 - - - 
- 

tz)-&* - 6.63 6.14 (2.41) (2.19) 5.82 10.43 - 3.4 - 

(E)-E* 6.77 6.88 (7.5-7.2) (2.45) 6.64 10.12 - 3.5 - - - 

(Z)-5b* 6.77 6.79 (7-S-7.2) (2.25) 5.91 10.61 - 3.5 - - - 
- 

(E)-&* 7.31 - 6.68 (2.05) (2.35) 6.48 10.09 - 

(Z)-6a* - 6.58 (2.07) (2.20) 5.84 10.38 - 

(E)-z* 

7.36, 

7.78 - 7.08 (7.5-7.2) (2.48) 6.58 10.14 - 

(Z)-6b* 7.84 - 6.98 (7.5-7.2) (2.29) 5.95 10.43 - - 
. 

J2',cHO = 8.0, J~',cH~ = ' "=. 



2688 

Table 3. l3 C-NMR Data of (E/Z)-5b and s (Lvalues, CDC13, 100 MHz) - 

c-2 c-3 c-4 c-5 C-l' C-2' cno CH S-Ph o-Ph m-Ph p-Ph 

(EL& ' 115.6 107.9 156.5 143.7 122.0 190.6 13.3 l 124.3 128.8 128.6 

(Z)-5& l 117.1 107.2 154.2 143.6 127.7 193.5 22.1 l 124.4 128.8 128.5 

(El-6b 140.9 l 111.7 154.3 143.8 122.8 190.8 13.5 131.3 125.8 129.0 127.7 - 
(Z)-6b 141.0 l 113.4 153.8 142.6 127.6 193.5 22.2 131.2 125.9 129.0 127.8 

l Signals not identified. 
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