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Diels-Alder dimerization of 2,4-cyclohexadienones gives compounds of struc- 

ture 1 which, 
= 

upon UV-irradiation (h>300 run), isomer&e to cage compounds 2 in 

excellent yields. 192 This intramolecular cyclization is of analytical value 

because the C2 symmetry of the photoproducts 1 confirms both the 

ration and the structural orientation of the Diels-Alder dimers !. When the 

photoreaction is monitored W-spectroscopically, the expected decrease of 

absorption is observed in all cases. 3 

We have now studied the photochemical intramolecular cyclization of the 

Spiro-oxirane-substituted Diels-Alder dimers &14 in order to confirm their 

structures. Thus, irradiation of .& (hmx 312 nm; & 350; 1 g in 65 ml ethanol; 

la"; Ryrex immersion well 

125 W; N2) for 2 hrs gave 

similar fashion of dimers 

Table 1). The structures 

apparatus; high-pressure mercury lamp, Philips HPX 

the cage compound it in 70 % yield. Irradiation in 

22-2 gave the corresponding cage compounds $:-Id (see 

of all new compounds are supported by elemental ana- 

253 
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lyses and spectroscopic data (W; IR; NMR; MS). 

By comparison with the earlier reported formation of 5, the yields of 2 

were fair or moderate. Monitoring the progress of the photochemical reaction 

of dimers 2 by UV-spectroscopy revealed, quite unexpectedly, a rapid increase 

of absorption around 310 nm. This indicated the formation of by-products 

which, conceivably due to their strong UV absorption, impaired the conversion 

of 2 into 4. Extraction with base of the reaction mixture from the irradia- 

tion of & led to the isolation of traces of 4,5-dimethylsalicylaldehyde (A&) 

and, in 5 % yield, the novel asymmetric cage compound 2 (mp 2200). It was 

easily shown that 5, derived from ig by photochemical isomerization of one oxi- 

Table 1. Spiro-epoxy-substituted Cage Compounds 4 

4 R1 R2 R3 R4 mp % yield 

a H CH CH H 
= 3 3 

294-300 70 

5 H CH H 3 cH3 229-233 58 

g H 0 s H CH 3 242-244 20' 

d benzyl H H H 204-206 35 

6 rane group. The structure of 2 is based on the,following NMR-spectroscopic 

data. In CDC13 (6, ppm): 1.05,.5,6H; l.O6,s,3H; 1.18,s,3H; 1.55,s,lH; 2.72,s, 

2H; 2.81,~,1~; 2.95,d,J,, 6.5 cps,lH; 3.27,d,JAB 6.5 cps,lH; 7.45,s,lH; 11.5, 

broad e,lH. The W maximum of a 2.5 x 10 
-5 molar solution of 2 in ethanol at 

310 nm has an t-value of 18,000 i.e. the molar absorption of 2 is about 50 

times stronger than that of & and more than 100 times stronger than that of 

its precursor 4a. 
== 

The concentration dependence of the position of the W- 

maximum (Fig IA) indicates that 2 at a concentration of 2 x -5 
lo- mole/liter 

in ethanol is about 90 % ionized. 
. 

The acidic properties of 2 finally facilitated its convenient preparation 

by the following experimental design. A chloroform solution of 2a (-6 g/300 -= 

ml) was irradiated in the presence of a layer of 4 N NaOH (50 ml) placed above 

the light-exposed region. Agitating the solutions gently by a slow stream of 

N2' 
introduced through a sintered glass disk at the bottom of the photoreactor, 

continuously removed the strongly W absorbing secondary photoproduct 2 and 
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accumulated the q-enolate in the alkaline layer. The free enol 5 was then' 

readily obtained in 50 % yield by acidification with dilute liZSOB. 

This experiment turned out to be essential for the preparation of 2 in 

reasonable yields. In the absence of base, prolonged irradiation of Ja resul- 
-= 

ted in the isomerization of the remaining oxirane group in 2. Thus, irradiation 

of ja (300 mg) in ethanol (100 ml) for 24 hrs gave the new cage compound 2 (mp -= 

233-235O; 40 % yield) which, because of its C2 symmetry, exhibits an NMR spect- 

rum of striking simplicity. [In CDC13 (6, ppm): .qq,s,lW; 2.18,~,211; 2.69,s, 

2H; 7.33,s,w; “12, b.road s,2H.] Like 2, compound 6 exhibits a UV maximum = 

whose position is concentration dependent (Fig. 1 B). 

, 

I 

Fig. 1 UV-spectra showing enol-enolate equilibria of 2 (A) and 5 (B) 

As for the traces of 4 5-dimethylsalicylaldehyde fi obtained by irradiation 

of 3a, we found EI 

cage compound g 

it to be formed by photochemical fragmentation of 6. Presumably, = 

upon irradiation undergoes intramolecular proton transfer [see 

Scheme 1) resulting in the cleavage of a cyclobutane ring to give a Diels-Alder 

dimer 2 which, for thermodynamic reasons, dissociates to give if. The non-pho- 

tochemical conversion of g into Cd, accomplished by treatment with trifluoro- 

acetic acid at 6o”, lends support to this mechanism. 
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Scheme 1 

In summary, we conclude that Spiro-epoxy-substituted 2,4-cyclohexadienone 

Diels-Alder dimers 2, represent a novel heterochromophoric system which under- 

goes the photoisomerieations 3-& 5 + 6*+11 with a high degree of selectivity. 
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