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It has been rhom that the exocyolic diem sysfms of P-vinylfbran (l), substituted 

P-~inylfurans (2), and 2-~lbenzofursw (3) participate in oyalosddition with maleio 

anbydride to give the tetrahydrobemof'urau and tetrahydrodibenso~diosrbo~lic aoid 

a&y&ides respeotively. 

We nor report thatdimet~laoetylene dicarbozylate (ADE)reaots readily with 

P-vlnylfursn and 2-(&meel)bemofum , giving rise to a variety of %dducten. In 

contrast to maleic mhydride, ADE does not reaot exolusively with the exocyclio dime system 

of P-*1furatl. In fact at roam temperature a lrl mixture of the diesters (I) (4) cad (II) 

is obtained (overall yield lO$). 
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The etruoturee of the die&era (I) and (II) follow fran their epeotroeoopio properties. 

Dimethyl benzofkrar&54ioaxboxylate (II) sublimed st 5o"/0.5pnr to foaP oolourleee cry&ala, 

m.p. 64-66Of A ,“” 225 w (log6 4.55), 255 sh (3.74), 302 (3.57); nmr (fl 60 I[~PB, CC14), 

T 2.17, 2.38 (da, 2, J - 8.5 HZ, protom 6,7), 2.23, 2.97 (CM, 2, J - 2.4 Hz, protow 2,3) 

aad 5.99, 6.06 (28, 6, B[e protona). betby 3,6-epoqr-3-vinyl-3,6-dihyophththalate (I) 

oould only be isolated ae a mixture rith (II) but the spectroscopic properties oould be 

assessed by subtraction; nmr'Z 2.77 (dd, 1, J = 2.0, 5.0 Ha, protQI 5), 2.89 (a, 1, J = 5.0 Hz, 

protcm 4), 3.57 (q, 1, 11 11.0, 17.0 H4, proton 7)r 4.29 (a, 1, L = 2 HZ, protap 6), 4.41, 

4.53 @a, 2, J - 11.0, 17.0 Ez, protaPre 8,8’) and 6.18, 6.22 (28, 6, (Ye protons). 

The formation of the arcmstio, dimetl@ benzofuraw4,54icarboxylate (II) probably 

results fran the faoile autoxidation of the initially formed dibydrobenzofkran (III). The 

reduced selectitity in the site of cyoloadditioll to 2-vinylfuran in the above reaction lnay be 

the result of an equilibration, which is not observedwithmaleic anbydride due to the low 

aolubility of the adduot forred. Wkenthe reactionwaa carried out at80' (refluxtng 

benzene) no (I), but the benzofurau (II) and a bie-adduct (IV) were isolated. IV w.za 

obtained aa a yellow oil, A f"" 229 EP (log 6 4.36), 256 eh (3.93), 300 (3.60), 345 (3.13) 

and 356 (3.00); nmr’r 2.20, 2.95 (M, 2, J - 2.4 E5, proton8 2,3), 2.31 (s, 1, olefinic 

proton), 5.15-5.52 (m, 1, methine proton), 6.00, 6.06 (28, 6, (Ile protaae),6.30 

(s, 6, OYe protcw) and 6.50-7.40 (m, 2, nethylene protow). 

The fonuation of (IV) can readily be rationalised by considering a second mole of ARE 

to add to the 7,8- double bond of the intermediate adduot (III) lrJl 811 indirect substitutive 

addition, the driving foroe being the aranatisati~ of the furan ring. Several aualegow 

substitutive additions with ADE have been observed previously (5,6). 

In the benzofuran series, the cycloaddition of bDE to 2-(&metholyPinyl)benzofuran (V) 

was investigated aa a possible route to polyfunctional 3+netho&ibenzofurans. !Fhe latter 

oanpcunda are of interest becauee of their olose struatural relationship with the lichen 

metabolitee strepeilin (7a), didymic aoid (7b) and related oanpouudt~. 

The Wittig reaction of P-formylbenzofuran (8) with methoxymethylenetriphenylpho~phorane 

(9) gave an equimolar mixture of gin and m 2-(B-met~l)benzofiran (VA, VB 

respectively; overall yield, 50$). The en01 ethers (VA, W) could be sepa;rated by 

pre-tive TIC on silica gel. Both were obtained aa yellow oile which could be readily 
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&i.fferentiatedbytheirn.m.r. spectra, inperticuler, &the 00uplingc0mti3?lta Of the 

olefinio protare &7 (VA), 7.2 Iis; 1 (W), 12.5 Hs). 

Q--J= 
VA 

CDs0,. 
VB 

~-2-(t3-HethcayrW l)benscfwen(VB)nndementamcoth cyulcaddltimrithA.lBin 

bcilingtolnene to give amixture of three main a&hots. 

The predadnaut proauct (36) was not the expected addmt (VI), but dimethyl 

2,3-dlhydm-3-metho&ibenzofuran-l,2-dicarboxylate (VII), a rearrange a adauct. Be &eater 

(VII) was obtained ss a viecoua yellow oil; h, , Bt20 246 nc~ (log t 4.25), 271 (3.73), 278 (3.71)r 

284 (3.59), and 322 (3.65); nmr -r 2.50-2.85 (m, 4, -tic pm-), 2.88 (a, 1, J - 3.6 a, 

olefinic proton), 5.35 (q, 1, L = 3.6, 5.4 Hz, proton 3), 6.05, 6.22, 6.71 (3% 9, CUe Wotms) 

and 6.85 (a, I, 2 - 5.4 He, proton 2). 

VIII , R=OMe 

IX, R=H XI 

X 9 R= Cope 

(VII) was slowly cxidised cm standing in air to &ethyl 3-plethcqd.ibens;ol,2- 

dicsrwlate (VIII), which sublimed at 100°/O.~ to form pale mellow needles, m.p. 104_106’; 
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A ,"" 218 q (log 6 4.531, 252 (4.44), 304 eh (3.991, ad 322 (4.02);nnrr 1.83-2.80 

(m, 5, aromatic protons) and 6.00, 6.04, 6.14 (38, 9, me protons). Go a preparative soaLe 

it was more oouvenieut to oxidise the dihydro-ocupouud (VII) with g-brcmosuooiuimide in 

boiIingoarboutetraohIoride. 

'Ihe major bymduot (20$ yield) isolated frou the reaotion of ADB with (VB) was 

dimetbyl dibeusofursn-l,P-diomboxylate (IX), fonned either by 1,4-elimination of methenol 

from the intemaediate adduot (VI) or by 1,2-elimiuaticu fraa the rearranged adduot (VII) with 

oouocaitaut armatisation. The diester (II) sublimed at 1000/0.5 mm to form pale yellow 

orgstal.s, n.p. 121-123°1 A z 215 nyl (log t 4.55), 237 (4.53), 247 (4.52), 290 (4.06), 

3IN sh (4.03) aud 310 sh (3.81); nmr r 1.85-2.70 ( m, 6, aromatic prottms), 5.87, 6.05 

(28, 6, (Ye protous). 

A minor byproduct (fi) of the oyoloadditiou was identified as trimethyl dibeneofuren- 

1,2,3-trioar~late (x). This triester orystsllised frcm carbon tetraohloride ae pale 

yellow needles, r.p. 147-149'; X z/EtOH 21411~ (log6 4.39), 245 (4.41), 272 sh (3.95) and 

303 (4.18; umr t 1.85-2.80 (m, 5, srcemtio protons) and 5.98, 6.06, 6.10 (3e, 9, Me protous). 

This oawpound is probably formed by oyoloadditicu of a second mole of ADE to the diem system 

of (VII) giving the iutexmediate bis-edduot (XI), which subsequeutly undergoes a thermal 

retro Diels-Aider reaction to give the observed aromatio product. This reactiou could be 

duplicated by treating (VII) with exoess ADB in boiling toluene. 
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