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Photoinduced single electron transfer (SET) between the carbonyl excited states and the ground state 

electron donors produce the ketyl anion radicals. 2 If there are both carhonyl group and nucleofugal group in a 

single molecule, SET reduction of such compound may undergo intramolecular SN~ type displacement of 

nucleofuge by ketyl anion part.3 Application of this method to a, B-unsaturated carbonyl compounds 

tethering nucleofuge would lead the carbon-carbon bond formation at the ~qosition.4~ In this context, the 

SET photoreaction of 4methyl4trihalomethyl-2.~cyclohexadienone is interesting. So far no information 

ahout how such dienones behave under the photoinduced SET conditions is available,6 although 

photochemistry of the dienones has been extensively studied by Schuster and coworkers.7 We first studied 

the photomaction of 4-tribromomethyl4methyl-2,5cyclohexadienone 1 in the presence of amines and found 

the unprecedented photo rearrangement giving 4-hromo-lmethyl tropone 2. 

‘R R’ 
hvlamine 

N&iolvent 

1 (R’=F%H) 
0 (R’=Me, R&H) 
8 (R’=R%de) 

2 (R’=hH) 
7a (R ‘=Me, R&H) 
7b (R’=H, l?=h.le) 
9 (R’=RQAe) 

Irradiation of 1 in the presence of amines in various solvents gave 4bromo-5methyltropone 2 in moderate 

to good yields (Table l).n First, we paid attention to the amine structure effect on the reactivity of 1 and found 

that photoreaction with trimethylsilylmethyldiethylamine (TMSA)c is more efficient than those with other 

amines. This observation could not be simply rationalized by the order of electron donating ability of amine 

(see entries l-4). Actually, the yield of 2 and the conversion of 1 for photoreaction with tribenzylamine 

(TBA) is significantly higher than those with hiethylamine (TEA) and 1.4-diazahicyclo[2.2.2]ocume (DABCO) 

whose oxidation potentials are lower than that of TBA. The cation radical of TBA undergoes demon to 

give a stable henzyl radical while the cation radical of DABCO is known to he relatively stable and a poor 

proton donor.10 The cation radical of TMSA is known to undergo desilylatlon as well as deprotonation.~ 
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Table 1. Photoreactions of 4-Tribromomethyl-4-methyl-2,5-cyclohexadleaones (1) wlth 

aminea 

entry amine b)~ox solvent @ET tim&nin co&% (DZ/% 

1 TMSA 0.57 CH2Cl2 41.1 30 58 3 104) 

2 DABCO 0.71 CH2c12 41.1 90 18 7(40) 

3 m 0.89 CH2Cl2 41.1 90 31 19(61) 

4 TBA 1.17 CH2a2 41.1 90 75 65(87) 

5 TMSA 0.57 c6H6 34.5 30 46 3o(W 

6 TMSA 0.57 M&N 46.0 30 80 33(41) 

7 TMSA 0.57 qM&Ne) --- 30 62 420% 

8 0.57 55.5 30 47 36(76) 

*Conditions: 5OOW Xe-Hg lamp (Pyrex); N2; 1 (0.56 mmol), amine (5equiv), solvent (1.5 ml). 

@peak potentials (v vs SCE). @Solvent polarity parameter (w30), kcatlmol): Reichardt, C. Angew. Chem. 

Znf. Ed. Engl. 1965, 4, 29. 4Isolated yields by column chromatography (based on the conversion of 1). 

=)MeCN&O= 14,’ 1. 

Thus, the rea&on efficiency would be governed by the ease of cation release from amine cation mdical~.C as 

well as the electron donating ability of amine. Seamdly, we conducted the photoreactions of 1 wi@ TMSA in 

various solvents and found no pronounced correlation between the reaction efficiency and tbe solvent polarity 

(entries 1, 5,6,7, and 8). However, the presence of protic species in the solution increased the yields of 2 

(entries 6.7 and 8). Neither irradiation without amine (3Omin) nor treatment with TMSA in the dark (60 min) 

caused any conversion of 1 in methylene chloride. In order to know the fate of amine cation radical, we 

decided to search for the amine derived products. We chose TBA since the reaction is clean and the products 

from TBA must be less volatile compared to other aliphatic amines. JMenzyl amine and benzaldehyde were 

obtained in gocd yields by irradiation of 1 and TBA in methylene chloride.ll These products are diagnostic 

compounds for oxidative dealkylation of TBA.* 

In order to determine the generality of the reaction, we conducted the photoreactions of other methyl 

substituted dienon- 6, 8 with TMSA in methylene chloride. Irradiation of 6 and TMSA for 90 min produced 

the tropone in45% mixture of regioisomers (7a:7b = 7822) at 70% conversion of 6. Similarly, the tropone 

9 was isolated in 51% at 66% conversion of 8. 

On the basis of the results described above, we propse the reaction mechanism as shown in Scheme 1. 

The excited state of 1 generated by irradiation is reduced by ground state amine through SET to give the anion 

radical of 1 and the cation radical of amine. l2 The transfer of the cation (proton or TMS+) among the ion 

radical pairs gives the cyclohexsdienyl radical and a-amino radical. Subsequent SBT processes are thought to 

be fast since a-amino radical is known as a strong SET reductant.13 Although the following rearran gement 

process is highly speculative (either stepwise process through 5 or concerted p mcess). a compound such as 4 

may be a reasonable candidate for a precursor of 2. 14 Acid-base reaction among 4 and the excess amine gives 

ammonium while the hydrolysis of the iminium finally gives aldehyde and ammonium of the secondary 

amine.15 The formations of all these compounds were confirmed when photoreactions of 1 and TBA were 

performed. 11 
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In conclusion, we have found that 4tribromomethyl-4methyl-2,lcyclohexadienones were converted to 4- 

bromo-5methyltmpones on inadiation with the amincs. Further study will hopefully provide a chance to 

obtain full understanding on the reaction mechanism and to determine the synthetic utility of this unique 

photoprocess. 
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