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Summary : ‘Push-pulZ ’ carbonyl y2id.s derived thermally or photochemicaZZy 

from oxiranes 114-16) undergo stereospecific, but uncharacter- 

istically non-regioseZective, cycloadditions with unsymmetriea2. 

electron-deficient dipolarophiles. 

There is considerable synthetic interest in natural liqnans which 

display effective anticancer activity-i Intermediates of type (1) occupy a 

pivotal position in a number of synthetic strategies since they can lead on 

to bisbenzocyclooctadienes (2) e.g. steqanone,' to aryltetralins (3), e.g. 

podophyllotoxin relatives,3 or to bisbenzyllactones (4) e.g. burseran.4 

We were attracted by the use of carbonyl ylids (S), derived from readily 

available stilbene oxides, to obtain 2,5-bisaryl tetrahydrofurans (6) with 

complete stereo-control at C-3 and C-4 which could provide the desired 

intermediates, e.g. (7) through benzylic hydrogenolysis, or the selectively 

functionalised (8), via fragmentation. Such dipolar cycloadditions are well 

known for stilbene oxide itself, using either heat or light to generate the 

ylid. In the present work we found that electron transfer sensitised 
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photoreactions were often efficient; thus e.g. irradiation of trans- 

stilbene oxide with 2-butenolide in the presence of 1,4_dicyanonaphthalene 

afforded only the endo bicyclic lactone (9) in essentially quantitative 

yield. We have effected related reactions5 with 4,4'-dimethoxystilbene oxide. 

However although symmetrical carbonyl ylids do have synthetic utility, we 

wished to employ unsymmetrical ylids i.e. (5), Ar' # Ar', with unsymmetrical 

dipolarophiles to open a fully general way to tetrahydrofurans (6): it is 

clearly necessary that, to be of synthetic value, such reactions be 

regiospecific. We thus set out to investigate some cycloadditions of this 

type. 

Highly polarised ylids of type (10) ('push-pull' ylids6) are readily 

generated from the corresponding oxiranes; in an extreme case, one such ylid 

has been isolated as a solid.7 Further, all the cases known to us8 of 

intermolecular cycloaddition of carbonyl ylids to unsymmetric dienophiles 

are highly regioselective, and in agreement we observed that on trapping 

ylid (10) with ethyl acrylate gave only the adduct (11). Such regioselectivity 

has been rationalised in terms of control by the HOMO (dipole)-LUMO 

(dipolarophile) interaction (see 12).' We therefore expected that related 

highly polarised ylids (13) would undergo regioselective cycloadditions. 

It was envisaged that a directive nitro group could be readily transformed, 

for lignan synthesis, into phenolic hydroxyl. 

(9) (IO) 

(12) 

tiN 

(13) 

To test this supposition the epoxides (14-16) were prepared by 

epoxidation of the corresponding E-olefins, which were accessible through 

conventional Knoevenagel condensations. We were pleased to find that ylids 

could be generated from (14-16) both thermally and photochemically. Thus 

heating (15) with maleic anhydride afforded adduct (17) selectively (658), 

while irradiation of (14) (low pressure mercury lamp) in the presence of 

maleic anhydride afforded adduct (18) (68%). The stereochemistry of (17) 

and (18) was inferred from n.m.r. comparisons with reference compounds and 
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can be seen to arise through the addition of an exo-exo ylid in the endo ~_. 

sense (with respect to aryl groups). The adduct (19) from (15) and 

dimethylacetylene dicarboxylate, smoothly eliminated hydrogen cyanide on 

treatment with triethylamine to give an expeditious synthesis of the 

2,5-bisarylfuran (20), while adduct (21), from (15) and dimethylfumarate, 

readily fragmented to enol (22), in the desired sense. 

Me@C COzMe 

(20) 

MeO,C COTMe 

02Ncz&.o.p:) so2Nc+pc) 
COzMe Me&C C02Me 

(21) 3,4-walls (22) 

However on heating (110') the epoxide (15) with ethyl acrylate, a 

mixture (75%) of adducts (23) and (24) (approximately equal proportions) was 

obtained. Similar reactions were observed with (14) and (16) and ethyl 

acrylate. The isomeric esters (23) and (24) were characterised by 'H.n.m.r.; 

(23) showed a 3-H, 4-H,, 5H system (63.98 , 2.56, 2.75, and 5.34.respectively 

J 3,b 7.6, J, Ir, 8.5, J5,+ 9.7, and J, +, 6.4 Hz), 

displayed a ;-H *, 4-H, 5-H assembly (i2.85, 

while the regioisomer (24) 

3.04, 3.80, and 5.60 respectively 

J 3 Lt 7.6, J3,,r, 8.4, and J 
$15 

8.5 Hz). Similarly (16) and ethyl propiolate 

pr&ided (25) (30%) and (26) (36%), distinguished by the observation of 

significant noes (> 5%) between 4-H and 5-H. Isomers (23) and (24) did not 

equilibrate on separate heating. Thus it appears that the carbonyl ylids 

derived from (14)-(16) react non-regiospecifically with electron-deficient 

olefins. Such behaviour has been observed before only in intramolecular 

reactions where other factors may intervene." It appears likely that in 

our efforts to induce highly polarised ylids, the dipole frontier orbital 

energies have been lowered so that the HOMO (dipole) is no longer the 

controlling feature, but is balanced by LUMO (dipole)-HOMO (dipolarophile) 

interaction, of opposite direction. Alternatively, the dipole HOMO may not 

be as biased as expected. This can only be resolved by MO calculations. 
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(23) (24) (25) 

We also prepared the oxiran (27) in which the nitro-group was replaced 

by methylenedioxy, but we were unable to generate and trap (with electron- 

deficient olefins) an ylid from this compound, either thermally or photo- 

chemically; it may be that the frontier orbitals in this case are too 

elevated in energy for viability. 

References 

1. W.D. Macrae and G.H.N. Towers, Phytochemistry, 1984, 2, 1207; D.A. Whiting, J-Nat. 
Products, 1985, 191; 1987, in press. 

2. S.M. Kupchan, R.W. Britton, M.F. Ziegler, C.J. Gilmore, R.J. Restivo, and R.F. Bryan, 
J.Amer.Chem.Soc., 1973, 95, 1335. 

3. E.S. Newlands, Dev.Oncol., 1983, 210. 

4. J.R. Cole, E. Bianchi, and E.R. Trumbull, J.Pharm.Sci., 1969, 2, 175; E.R. Trumbull and 
J.R. Cole, J.Pharm.Sci., 1969, 2, 176. 

5. P. Clawson, P.M. Lunn, and D.A. Whiting, J.Chem.Soc., Chem.Commun., 1984, 134. 

6. K.N. Houk, N.G. Rondan, C. Santiago, C.J. Gallo, R.W. Candour, and G.N. Griffin, 
J.Amer.Chem.Soc., 1980, 102, 1504. 

7. E.P. Janulis Jr. and A.J. Arduenqo III, J.Amer.Chem.Soc., 1983, 105, 3563. 

8. Inter alia R. Huisgen, Angew.Chem.Int.Edn., 1977, 16, 572; G.A. Lee, J.Org.Chem., 1978, 
43, 4256; A. Dahmen, H. Hamberger, R. Huisgen, and V. Harkowski, J.Chem.Soc., Chem. 
Commun., 1971, 1192; A. Robert, J.J. Pommeret, and A. Foucaud, Tetrahedron Lett., 
1971, 231; A. Robert, J.J. Pommeret, E. Marchand, and A. Foucaud, Tetrahedron, 1973, 
29, 463; I.J. Lev, K. Ishikawa, N.S. Bhacca, and G.W. Griffin, J.Org.Chem., 1976, 5, 
2654; J. Kagan and B.E. Firth, J.Org.Chem., 1974, 39, 3145; J. Kagan, J.T. Przybytek, 
B.E. Firth, and S.P. Singh, Tetrahedron Lett., 1972, 5133; R. Huisgen and S. Sustmann, 
Heterocycles, 1976, 2, 141. 

9. K.N. Houk, J. Sims, C.R. Watts, and L.J. Luskus, J.Amer.Chem.Soc., 1973, E, 7301. 

10. J. Brokatzky and W. Eberbach, Tetrahedron Lett., 1980, 4909; J. Brokatzky-Geiger and 
W. Fberbach, Tetrahedron Lett., 1982, 4665; 1984, 1137; Chem.Ber., 1984, 117, 2157. 

(Received in UK 30 April 1987) 


