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Abstract: The meta photocycloadditions ,of benzonitrile and anisole to 1,3-dioxol-2-one both 

yield two major products. In both cases the adducts are those which would be expected if some 

form of polar species were to develop along the reaction pathway. The absence of e$o adducts 

in the case of benzonitrile and 1,3-dioxol-2-one is discussed. 

In the past twenty years many articles have been published about the meta photocycloaddi- 

tion of arenes to alkenes and several different mechanisms have been proposed for this 

reaction."2 One which fits all the experimental evidence was first suggested by Bryce-Smith, 

Gilbert and co-workers2 in 1980 as one of several possibilities: 

1 * R R3 3( RI RL * 
This implies the existence of a discrete zwitterionic intermediate. Although we have not 

been able to trap such an intermediate and have therefore no evidence for the existence of 

this species, the results of the irradiations of benzonitrile3, a,a,a-trifluorotoluene3 and 

anisole4'5 * in the presence of cyclopentene do provide a strong indication for the development 

of some degree of charge separation along the reaction pathway. Electron withdrawing substi- 

tuents (CN and CF3) are consistently found at carbon atoms 2 and 4 in the adduct, whereas the 

methoxy group - being able to stabilize a positive charge - is to be found at carbon atom 1. 

The photoaddition of benzonitrile to cyclopentene is, however, unusual in that there is a 

rather large difference between the ionization potentials of the reactants (10.03 and 9.02 

eV, respectively6). In agreement with Bryce-Smith and Gilbert's "ionization potential rule117 

ortho addition is the preferred mode and the meta adducts are minor products. We therefore 

decided to investigate the photoaddition of benzonitrile to 1,3-dioxol-2-one (I.P. = 10.08 

eV) 
6 
which could be expected to give a high percentage of meta adducts. 

Not only does 1,3-dioxol-2-one have a much higher ionization potential than cyclopentene, 

it also has hetero atoms in the ring and a large dipole moment (3.57 D) 8 in the opposite 

direction to that of cyclopentene (0.19 D)8. 

Benzene has also been reported to add to 1,3-dioxol-2-one', yielding two adducts, one with 

endo, the other with exo configuration, in a ratio of 5 : 1. 
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We hoped 

provide us 

that a study of the reactions of anisole and benzonitrile with this alkene would 

with further information about the charge distribution along the reaction pathway. 

The aromatic compounds were irradiated at 254 nm (Rayonet Photochemical Reactor RPR 200 

fitted with eight lamps) in methanol in the presence of the alkene. The concentrations used 

were 1 M arene and 3.5 M alkene. The solvent was removed, polymers were removed by means of 

silica gel chromatography (25 % ethyl acetate in hexane) and the products were separated by 

means of HPLC (17 % EtOAc in n-hexane; 60 atm.; 17 ml/min.). The products were identified by 

means of ID and 2D NMR spectroscopy at 300 MHz (Bruker WM 300 spectrometer) in CDC13. 

The product ratios were determined by means of NMR spectroscopy of the crude mixture at low 

conversion (2 - 5 %) (Merry-go-round, H. Mangels, Bornheim/Roisdorf, Germany; Hanau TNN 15/32 

low pressure mercury lamp). As expected, the photoaddition of benzonitrile to 1,3-dioxol-2- 

one yields only meta adducts. In the case of anisole (I.P. = 8.54 eV)6 some 30 % of the 

reaction products were o&ho adducts as determined by NMR. 

The following meta adducts were formed (product ratios in parentheses): 

a_. R =OCH, 

b.R=CN 
la (65) 

G2) - 

3b (45) 
The proton chemical shifts and the proton-proton coupling constants of products a, a, 2, 

3b and 4b are presented in Tables I and 2. - - 
Adduct 4b is photolabile and cannot be detected at higher - conversions. The ezo adduct 2a is - 

Lb(55) - 

also photolabile and the endolexo ratio slowly increases with the time of irradiation. This 

agrees with Heine and Hartmann's observation of an endolexo ratio of 5 : 1 at 70 % conversion 

for benzene and 1,3-dioxol-2-one.' 
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naturally result in a preference for the endo configuration. Although the directing and 
12 

stabilizing effect of the methoxy group is certainly no less than that of the cyano group , 

the preference for formation of the endo adduct is less pronounced in the case of anisole. 

The methoxy group of the electron rich anisole stabilizes the positive charge that develops 

during the addition and the negative charge may flow in the direction of the electron 

deficient alkene. This would result in a less strong preference for the endo configuration 

than in the case of benzonitrile. 

In the light of these results it is important to review the results of the irradiation of 

benzene and anisole in the presence of 1,3-dioxole. 
13,14,15 

In this alkene the oxygen atoms 

are comparatively electron rich and the endolexo ratios are 18 : 82 for benzene and 25 : 75 

for anisole (the latter ratio was determined at high conversion; at low conversion the per- 

centage of ezo adduct will be even higher), showing a preference for the exe configuration 

supposedly due to electronic repulsion. 

The reaction pathway that we therefore propose is one proceeding via a species with a 

certain amount of charge separation in which the degree of polarization can be accentuated 

by the substituents on the aromatic ring. 

We are presently investigating the effect of solvent polarity on the reaction rate. 

Acknowledgement 

The authors would like to express their gratitude to Dr. 3. Mattay, Rheinisch-Westfslische 

Technische Hochschule, Aachen, Germany, for the kind gift of 1,3-dioxol-2-one. 

This research was supported in part by the Netherlands Foundation for Chemical Research 

(SON) with financial aid from the Netherlands Organization for the Advancement of Pure 

Research (ZWO). 

References 

1. 
2. 

3. 
4. 
5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 

14. 
15. 

A. Gilbert, Pure App2. Chem. 52, 2669 (1980) 
D. Bryce-Smith, B. Foulger, J. Forrester, A. Gilbert, B.H. Orger and H.M. Tyrrell, 
J. Chem. Sot., Perkin I 55 (1980) 
E.M. Osselton and J. Cornelisse, Tetrahedron Letters, in press 
R. Srinivasan, V.Y. Merritt and G. Subrahmanyam, Tetrahedron Letters 27 15 (1974) 
A.W.H. Jans, J.J. van Dijk-Knepper and J. Cornelisse, Rec2. Trav. Chim. Pays-Bas 101, 
275 (1982) 
R.D. Levin and S.G. Lias, Ionization Potential and Appearance Potential Measurements, 
1971-1981, National Bureau of Standards, Washington, D.C., U.S.A. (1982) 
D. Bryce-Smith, A. Gilbert, B.H. Orger and H.M. Tyrrell, J. Chem. Sot., Chem. Commun. 
334 (1974) 
A.L. McClellan, Tables o$ Experimental DipoZe Moments, Volume 2, Rahara Enterprises, 
El Cerrito, California, U.S.A. (1974) 
H.-G. Heine and W. Hartmann, Angew. Chem. 87, 708 (1975) 
J. Mattay, personal communication 
D. Canet, C. Goulon-Ginet and J.P. Marchal, J. Magn. Reson. 2, 537 (1976) 
C. Gardner Swain and E.C. Lupton, Jr., J. Am. Chem. Sot. 90, 4328 (1968) 
A.W.H. Jans, B. van Arkel, J.J. van Dijk-Knepper, H. Mioch and J. Cornelisse, 
Tetrahedron, in press 
J. Mattay, H. Leismann and H.-D. Scharf, Mol. Photo&em. 2, 119 (1979) 
J. Mattay, J. Runsink, H. Leismann and H.-D. Scharf, Tetrahedron Letters 23, 4919 (1982) 

(Received in UK 2 January 1985) 


