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Specific ortho Photocycloaddition of Enol Ethers to 2-Substituted Anisoles: 

Facile Synthesis of BicycloC4.2.0locta-2,7-dienes in Sunlight 
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Summary 

Enol ethers undergo specific ortho photocycloaddition to 

anisoles which have electron withdrawing substituents in the 

2-position to give good yields of bicycloC4.2.01octa-2,7- 

dienes as the photostable products. 

There is current considerable interest in the influence that arene substitu- 

ents have on the regio- and stereo-chemistries of the photocycloaddition 

reactions between benzenoid compounds and ethenes. l-4 Electron donor sub- 

stituents on the arene direct the addition of alkenes 5 and enol ethers 
6 

to 

the 2,6-arene positions (meta cycloaddition) but the favoured reaction of 

these ethenes with benzonitrile involves ortho cycloaddition. 7 The 

competitive influences of electron donor and electron acceptor groups in 

disubstituted arenes has been the subject of recent reports 2,8 and, for 

example, while cyclic alkenes do undergo meta photocycloaddition to the 

cyanoanisoles, the selectivity and efficiency of the reaction is very depend- 

end on the arene isomer. Thus the 3-cyanoanisole adducts are derived solely 

from 2,6-attack whereas those of the I-isomer reflect an approximately 9:ll 

ratio of the 2,6- to the 1,3-cycloaddition and the reaction of the 2-cyano- 

arene is very slow yielding only 5% of the cycloadduct as well as many 

other products. In marked contrast, the corresponding bichromophoric 

systems (1) give no cycloaddition on irradiation despite evident 

favourable conformations from molecular models for both 1,3- and 2,6-addition 

reactions. Instead the 2- and 4-cyanoisomers undergo exclusive ortho (1,2-) 

cycloaddition and the 3-cyanobichromophore is essentially photostable. ' Thus 

the polarity factors which are suggested to direct the orientation of the 

meta cycloaddition process for the intermolecular systems 
l-3 

clearly have 

little influence on the intramolecular system and in the 2- and 4-isomers of 

(1) the polarisation within the arene from the conjugative relationship of 

the cyano and alkoxy groups, is the dominant feature and promotes the 

specific 1,2-cycloaddition. In order to determine if this useful directing 

effect could be induced in intermolecular systems and a similar exclusive 
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reaction be achieved, we have investigated the photoreactions of anisoles 

having an electron withdrawing substituent in the 2-position with polarised 

ethenes. These systems were chosen since the interaction of the addends 

resulting from the polarisation effects within the arene and ethene should be 

well oriented. We now report that irradiation of such arenes in the presence 

of enol ethers leads to a high-yielding specific photoaddition and the form- 

ation of bicycloC4.2.0locta-2,7-dienes as the stable products. 
Irradiation (254 nm) of 2-cyanoanisole (0.3M) in ethyl vinyl ether (neat 

or 2.5M in cyclohexane) led to the rapid development of a yellow colouration 

and at low arene conversion (< l%), a 1:l ratio of two 1:l adduct isomers 

(M+ = 205 m.u.>. Continued irradiation to 30% conversion gave a 15:l ratio 

(respective relative retention times of 1:2 on non polar G.C. columns) and 

at complete consumption of the arene the longer retention time component was 

< 2% of the mixture. The formation of the same two 1:l adduct isomers was 

also readily and cleanly achieved by exposure of solutions of the arene in 

the en01 ether in Pyrex tubes to sunlight: the shorter retention time adduct 

was again greatly favoured on increase in percentage conversion of the arene. 
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The rate of adduct formation was increased approximately two-fold on change 

of solvent from cyclohexane to acetonitrile: this effect on increase in 

polarity of the solvent is consistent with both ortho cycloaddition processes 

generally 
10 

and meta cycloaddition of ethyl vinyl ether to anisole. 6 

Vacuum distillation (120-130°C/0.01 mmHg) of the reaction mixture gave a 

92% yield of a 2O:l mixture of the two isomers. The major product 

(m.p. 27-29OC) was freed completely from the minor isomer by flash chromato- 

graphy and was assigned a bicycloC4.2.0locta-2,7-diene structure on the basis 

of spectral data. Further, it appears from these data 
11 

that of the two 

possible diastereoisomers, (2) greatly predominates: this is most surprising 

as there is no obvious reason for the preference of the disrotatory cyclisa- 

tion in the logical precursor (3) which brings the cyano and ethoxy substitu- 

ents into a cis geometry. This photostable adduct was 20% converted to the 

yellow photolabile adduct on heating for 5 mins. at 180°C but prolonged heat- 

ing produced polymeric material: the thermal isomerisation process was 

cleanly reverted photochemically. The minor adduct isomer could be isolated 

from reaction mixtures by preparative g.c. using injection block temperatures 

> 250°C or by flash chromatography of mixtures heated to enrich the propor- 

tion of this isomer. This adduct was assigned the cycle-octatriene structure 

(3) on the basis of spectral characteristics and their comparison with 

reported data. 
9 

It is noteworthy here that the cycle-octatriene (4) has 

recently been proposed as an intermediate in a mechanism to account for the 

interconversion of the exo and endo ortho photocycloadducts of anisole and 

dioxoles. 
3 

-- 
In this case, however, no evidence was reported for the formation 

of the triene and secondary photoproducts analogous to (2) were seemingly not 

observed in the irradiation mixture. 
The above assignments for the structures of the two adduct isomers lead 

to the conclusion that the primary photoproduct must be the bicycloC4.2.01 

octa-2,4-diene (5) but we have been unable to detect this isomer either 

chromatographically or spectroscopically from irradiated solutions of 2- 

cyanoanisole in ethyl vinyl ether and attempts to trap (5) as a Diels-Alder 

product failed. The high lability of (5) may result from steric crowding of 

the cyano and methoxy groups facilitating the ring opening to the triene: 

this isomer was readily detected by absorption spectroscopy in SOlUtiOnS of 

2-cyanoanisole in ethyl vinyl ether after only 5 mins. exposure to a 6-watt 

low pressure mercury arc lamp. This specificity of ortho photocycloaddition 

is observed neither with 4-cyanoanisole 
8 nor with the 3-isomer. In both 

cases ortho cycloaddition is the major if not the sole process but adduct 

isomers which reflect 1,2-reactions with respect to both the methoxy and 

cyano groups are formed. Thus (6) and (7) are the major products from the 

4-isomer and (8) and (9) from 3-cyanoanisole and in both systems the cyan0 

group is the more strongly directing substituent of the ortho photocyclo- 

addition. The only feature common to all three arene-ethyl vinyl ether 

systems is that the addition with respect to the enol ether is 1,2 and 2,1 
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to the bensonitrile and anisole moieties respectively. 
Similar reactions to those described above for 2-cyanoanisole were also 

observed with 2-carbomethoxy- and 2-acetyl-anisoles although in both cases 

formation of the secondary photoproduct from the triene was slower and over- 

all yields were lower as a result of polymer formation. 2,3-Dihydrofuran 

and other alkyl vinyl ethers reacted similarly with the 2-disubstituted 

arenes to give adducts analogous to (2) and (3). Thus despite the steric- 

ally unfavoured approach of the molecules the photoaddition of the 2-substi- 

tuted anisoles occurs exclusively at the 1,2-arene positions and with a 

specific regiochemistry which reflects polarisation of both addends by the 

substituents. For the arene, this polarisation is clearly different from 

that which is considered to control the regio- and stereo-chemistries of 

the meta cycloaddition process 
l-3 

and which has been theoretically substanti- 

ated and deduced to occur in the early stages of the addition. 
12 

The present "one-pot" sequence of reactions to give derivatives of 

bicycloC4.2.01octa-2,7-dienes is very convenient and occurs in good yields 

from readily available starting materials and hence provides an attractive 

direct access to such systems. 

1. 
2. 
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