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Ru(bpy)32+ SENSITIZED PHOTOOXIDATION REACTION OF cis -STILBENES 

NOVEL PRODUCTS FORMATION 
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Ru(bpy)3 2+ sensitized photooxidation of cis -stilbenes in acetonitrile gave 

novel [ 2+6] cycloadducts. Product distribution changed remarkably depending 

on sensitizers.

Recently, there have been an increasing number of reports on the reactions of 1O2 with vinyl 

aromatic compounds, 1-4 which may be categorized into two cases. The first of these involves [ 2+2] 

cycloaddition and the second type is [ 2+4] cycloaddition between singlet oxygen and olefin moieties. 

In the above reactions, product distribution is greatly affected by sensitizer, solvent, and tem-

perature. However, factors determining the aspect of the reaction have still to be unraveled. We 

now report Ru(bpy)3 2+ sensitized photooxidation reactions of cis -stilbenes(1), where novel [ 2+6] 

cycloadducts can be isolated. Ru(bpy)32+ is well known as a stable triplet sensitizer5 though there 

have been only a few reports where it is applied to sensitized photooxidation reactions.6

A solution of 1 (10-1M) and Ru(bpy)3 2+ (10-4 M) in 140m1 of 

acetonitrile was irradiated with a 400-W high pressure mercury

arc through a filter solution  (λirrad＞410nm) 7 in oxygen

streams. The reaction vessel was kept below 10℃,and the

conversion of 1 was always kept no more than 30% to prevent

secondary reactions and photolyses of the primary products. 

The products were separated and purified by column and 

thin-layer chromatography. 

Irradiation of la gave an epoxy- 1, 4-endoperoxide(2a) 

(pale yellow oil), cis -stilbene oxide(3a), and a [ 2+61 cyclo-

adduct(4a) (colorless granules, mp. 96.0-96.7℃) as major products.8,9

The structures were further confirmed by 13 C-NMR spectroscopy. It showed that they had no

carbonyl carbon atom and that 4a had a symmetrical ring structure. Treatment of 4a (3.4×105M)

with the excess of triphenylphosphine at 25℃ in CHCl3 gave 0.8 equivalent of triphenylphosphine

oxide. 10

Table 1 summarizes the effect of substituent R1 on product distribution. Selectivities of benz-

aldehydes(5) are generally low though an electron-donating methoxy group increases the percent-

age of [ 2+2] cycloaddition. Our results make remarkable contrast to those by Rio and Berthelot, 

using methylene blue(MB) as sensitizer.11 Quite recently, Foote and his coworkers assert that 

benzaldehyde(5a) is formed via trans-stilbene radical cation in its MB sensitized photooxidation



382Chemistry Letters, 1 9 8 2

Table 1. Ru(bpy)32+ sensitized photooxidation of lin acetonitrile

reaction. 12 In our systems, however, such an electron-transfer process as induced from I to the 

sensitizer can be excluded because la-e quenches Ru(bpy),2+ phosphorescence at nearly the same

rate(kq<_10 7M-1s-1) in acetonitrile, much smaller than the diffusion controlled rate limit (kdiff=
.

1.8×10 10M-1s-1, in MeCN at 15℃). Stereospecific formation of 3 further confirms this speculation.

As Table 1 shows, only 3 was obtained and no trans-isomer was detected by 'H-NMR, while the non-

stereospecific epoxidation reaction in 9,10-dicyanoanthracene sensitized photooxidation of la could 

be explained in terms of isomerization of la radical cation into trans-isomer.13 1H-NMR data suggest 

that epoxide protons of 2 and diepoxide(7) are cis to each other.14 As to [ 2+4] cycloaddition 

products, 2 is formed in la , lc , and ld, and that two types of [ 2+4] cycloaddition products were 

obtained. There could be two secondary paths for 1, 4-endoperoxide(9), which is a possible interme-

diate to yield 2 and 6. One proceeds further in a [ 2+4] fashion, 

and the other, to epoxidation. Formation of 2 and 3 is of interest, 

considering the facts that sterically hindered olefins are 

epoxidated in their oxidation reactions by 1O2 15-17 But the 

ruling factors determining the reaction mode of 9 and the 

mechanism of epoxidation remain to be seen. The selectivity 

of 4 increased as substituent Rl gets more electron-withdrawing. 

Table 2 shows the change in the site-selectivity of 1 toward
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the active oxygen species. Replacement of R by electron-withdrawing group in Fig. 1 diminishes

the electron density of carbon atom Ca, and relatively, 

that of Cb increases. Thus, [ 2+6] cycloaddition comes 

to predominate over [ 2+2] cycloaddition. The product 

distribution in the case of 1c offers the clear data for 

the preferable orientation in [ 2+4] cycloaddition. An 

electron-donating methyl group would make the electron 

densities of Ca and Cb' larger than those of Ca' and 

Cb, respectively. In fact, selectivity ratio (2cb+6cb)/(6ca) 

is 1.6, and it reflects that [ 2+4] cycloaddition at Ca-Cb' 

predominates actually. 18 As described above, the magnitude 

of electron density on the carbon atom controls the site-

reactivity toward the active oxygen species.

Table 2. The site-reactivity of 1 in the system of Ru(bpy)3 2+*-O2

Substrate [ 2+2] Cycloaddition [ 2+4] Cycloaddition [ 2+6] Cycloaddition Epoxidation

Solvent=MeCN 

The site-reactivity was given as a ratio of %(X)/%[2+4] Cycloaddition). 3 and 7db

were counted as epoxidated products.

The sensitized photooxidation of la is affected by combination of sensitizer and solvent. Thus, 

product distribution drastically changes, using tetraphenylporphin(TPP) or MB as sensitizer in 

CHC13 under otherwise the same conditions. When TPP was used, the reaction was more complex,

and only 6a was isolated in 7% yield. Formation of 5a was not detected by 1H-NMR, while in MB

sensitized photooxidation, the reaction was very clean and 5a was obtained in 29% yield as the

sole product. In ZnTPP sensitization, the photooxidation proceeded too slow to detect products. 

Strikingly, no 4a was obtained in any case, but the elucidation of such sensitizer and solvent 

effect on product distribution awaits further investigation. 19 

The relative rates for Ru(bpy)3 2+ sensitized photooxidation reactions of various olefins were 

also measured to probe the active oxygen species in the system. The results were as follows: 2,3-

dimethyl-2-butene(krel=-100) ,trans-anethole(2. 7), α-methylstyrene(1.5), indene( 1.3) , β-methyl-

styrene(1.0), la(0.78), 1,1-diphenylethylene(0.69), styrene(0.38), ethyl cinnamate(0.027).

Interestingly, the relative disappearance rate of 1 decreased in the order of 1b>1c>1a>1d>1e. These

facts suggest the presence of an electrophilic active oxygen species.

Dabco(5.0×10-2M) quenched the formation of all the photooxygenated products derived from la

and the product distribution did not vary at all in the presence of 2,6-di-t-butyl-4-methylphenol

(5.0×10-2M) . An oxidation reaction of 1a(2.3×10-2M) was carried out in acetonitrile with equimolar
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amounts of KO2 and 18-crown-6-ether, but the starting material was recovered quantitatively. 

Therefore, the involvement of O2 can be excluded under the above reaction conditions. Moreover, 

the controlled experiments established that all of Ru(bpy)32+, light, and oxygen were indispensable 

for product formation. All of these results support that 1O2 is the active oxygen species in our 

systems. 

In conclusion, we have shown that novel [ 2+6] cycloadducts were obtained in the Ru(bpy)32+ 

sensitized photooxidation reaction of 1, but that they were not obtained when TPP or MB was used 

as sensitizer. Different aspects of sensitized photooxidation reactions of 1 should be further 

unraveled.
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