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FLASH-THERMOLYSIS OF METHYLENEPHTALIDE AND 3-METHYLENE-Z-COUMARANONE 
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Summa ry . The synthesis and flash-thermolysls of methylenephtallde 

Z-coumaranone 2 are reported. At high temperatures ( 2 1000°C) - 

1 and 3-methylene- - 
these two lsomertc 

lactones do not extrude CO2 but give rise to new clean thermal rearrangements. 

Methylenebenzocyclopropene 1s a very Interesting simple molecule but, to 

our knowledge, no dertvatlve of this compound has been described so far. Simple mole- 

cular orbital calculations tndtca te that methylenebenzocyclopropene should be more 

stable and less polymerlsable than methylenecyclopropene (1). However, due to the 

high stratn energy associated with the ring system, methylenebenzocyclopropene must 

he a very reactive species and flash thermolysts appears to be a good techntque 

for the preparation of such a molecule (2). We wish to report the new thermal rearran- 

gements observed during an approach to methylenebenzocyclopropene by flash thermoly- 

SIS (3) of methylenephtaltde 1 and 3-methylene-2-coumaranone 2 (4). - 
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Flash thermolysls (5) of methylenephtalide 1 (6) was cart-led out at different - 
temperatures ; the starting material was entirely recovered up to 900°C. At higher 

temperatures a new unique compound was formed but the degree of converston was 

still low (~50% at 1lOO’C). The new product appeared from 11s spectra to be 1,3-lndane- 
1 

dlone 3 and this was conftrmed by direct comparrson (IR, H NMR, Mass) with an authen- 

tic sample. A plausible mechanism for the rearrangement 1 - - 3 1s given tn sche- 

me 1. 
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Scheme 1 

In contrast to the thermolysls of phtallde where the benzyl-oxygen cleavage 

1s the main process (7), the acyl-oxygen rupture, glvlng a blradlcal stabilised by 

allyllc resonance, IS the only pathway observed here. Recomblnatlon of the biradical 

leads to 3 without any decarbonylatlon. Related photochemlcal rearrangements have 

been reported, but generally the Inverse reaction (1,3-dlone _j_ alkylldene lactone) 

1s observed (8). The generality of this thermal rearrangement of methylene butenolides 

was shown by the thermolysis of protoanemonln 4 (9) leading mainly to cyclopentene-1,3- 

dlone. 
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The formation of propyne can be explained by two successive decarbonyla- 

tions : the first one affords cyclobutenone which IS thermally opened into vinylketene 

(10) ; then, under the reactlon conditions, vinylketene undergoes the second deca rbony- 

lation, giving rise to vlnylcarbene easily rearranged to propyne (11). 

3-Methylene-2-coumaranone 2, an Isomer of methylenephtalide) gives entirely 

different thermolysis products and Its synthesis and thermal behaviour are reported 

below. At least two unsuccessful1 attempts to synthesize the methylene lactone 2 from - 

2-coumaranone have been described in the lltterature (12), the dlfflcultles arising 

from the InabilIty of the authors to substitute the 3-position of 2-coumaranone via 

the enolate : even deuterlatlon could not be achieved (12b). We found that the use 

of Lithium-diisopropylarnide at -1OOC allows the formatlon of the llthlum enolate of 

2-coumaranone ,whlch undergoes methylatlon with methyllodlde In the presence of HMPA ; 

however in these conditions dlalkylatlon preponderates over monoalkylation (ratio 

8 : 2) and the compound 2 was thus prepared following scheme 2. - 



3599 

1)LDA =o 
2) ICH3 

1) LDA 

2) $SeBr m 54 
0 =o H202 

iFH2 

’ or, 0 =o 
0 0 

2 _ 

Scheme 2 

The lactone 2, stable for a few days In solution, polymerlses quickly in 

the pure state and was purlfled and kept as its adducts 5 (two Isomers) with cyclopen- - 

tadlene. Flash thermolysls at 700°C of the adducts 5 regenerates cyclopentadlene and - 

the lactone 2 which, at 900°C. _ decarbonylates to give a new product ldentlfled to 

benzofuran 6 by comparison with an authentic sample. The conversion 2 + 6 IS quan- - 

titative at 1000°C. 

s 6 - 

The formatlon of benzofuran 6 from the lactone 2 IS ratlonallzed in scheme - - 

3. 
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Scheme 3 
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Rupture of the acyl-oxygen bond followed by loss of CO gives, as In the 

case of 2-coumaranone (7), the blradlcal Z,a mesomerlc form of the allenyl ketone 8 (13 ) 

Under the thermolysis conditions there IS no recombination of the blracllcal 7 but rather - 
a p.51 hydrogen shift leading to 2-hydroxyphenylacetylene 2,whlch equlllbrates with 

the methylenecarbene 10 (14). - The formation of benzofuran arises from the trapplng 

of the carbene function of 10 by insertion Into the o-hydroxy group. - A support for 

this scheme was given by the total conversion of 2-hydroxyphenylacetylene Into benzo- 

furan when heated at 8OO’C. 
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