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PHOTOINDUCED REACTIONS. LXIV.1)
REACTION OF a,a'~DIALKYLSTILBENES WITH SINGLET OXYGEN:
"ENE" REACTION AND CLEAVAGE TO CARBONYL FRAGMENTS

Isao SAITO and Teruo MATSUURA
Department of Synthetic Chemistry, Faculty of Engineering, Kyoto University
Sakyo-ku, Kyoto 606

Photosensitized oxygenation (a system generating singlet oxygen) of a,a'-dialkyl-
stilbenes gave exclusively an allylic hydroperoxide, the "ene"reaction product,
whereas the introduction of methoxy groups into their para positions causes a
competition between "ene" reaction and cleavage to carbonyl fragments. In the

latter case, a solvent dependence on the competition was observed.

It is well known that singlet oxygen adds to olefins having an allylic hydrogen to give allylic
hydroperoxidesz) ["ene" reaction; eq. (1)], and that it reacts with electron-rich olefins such as
vinyl ethers to undergo cleavage to carbonyl fragments through an dioxetane intermediate which was

detected in some cases[eq. (2)].3'5) However, relatively few attention has been made to the reaction
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of singlet oxygen with electron-rich olefins having allylic hydrogen which usually result in the

5)

predominant formation of carbonyl fragments.
Since stilbene is known to undergo cleavage to carbonyl fragments by singlet oxygen,sa’e) we

selected substituted stilbenes in order to know the influence of «,a'-dialkyl substituents (intro-

ducing allylic hydrogen) and of p-methoxy groups (electron-donating ability) on singlet oxygen

reaction.
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Rose bengal-sensitized photooxygenation of cis- Ql) and trans- (2a) a,c'-dimethylstilbenes in
P

methanol at room temperature under irradiating with a tungsten-bromine lamp yielded a hydroperoxide

7) but no acetophenone (5a) was detected in both case.8) On the other

39 in almost quantitative yield, 1

hand, photooxygenation of trans-p,p'-dimethoxy-a,a'-dimethylstilbene (2b) in methanol under similar

conditions gave a hydroperoxide ;B,(BO%) and p-methoxyacetophenone (5b; 7%), but in acetone gave only
-1~

%g,(QS%). Hydroperoxides §3_and %9_were reduced by sodium borohydride to give allylic alcohols :ELand

)

. 9
QB; respectively.
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Dye-sensitized photooxygenation of the dimethyl ether g/of stilbestrol was carried out in several

solvent systems. The products were found to be a hydroperoxideﬂz?o)

and p-methoxypropiophenone (8).
As shown in Table, the product ratio was affected more or less by solvent. In particular, the cleavage

reaction was predominant in the methlylene blue-methyiene chloride system.
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Table*
solvent sensitizer 7 Product (%) 8
Z -vd
MeOH rose bengal 10 13
Acetone rose bengal 54
MeOH-Pyridine rose bengal 73
(50 : 1)
CH,CT, methylene blue 5 60

* The reactions were carried out at room temperature. Yields of products were
determined by NMR analysis.

In order to check whether or notlg/is formed through a dioxetane which may be a rearranged product
of hydroperoxide4132b)’g/was photooxygenated in CH3OD under similar conditions. No deuterium incorpo-
ration was observed in p-methoxypropiophencne 8 obtained. Furthermore,fzj on refluxing in methanol or
methylene chloride, gave a complex mixture of products from which only a trace of‘élwas detected.

These facts indicate that_zzmay not be the precursor oflg/in this reaction.

There have been two reports on the solvent dependence on a competition between "ene" reaction and

cleavage to carbonyl fragments in the singlet oxygen reaction of electron-rich olefins having allylic

5¢) white di-

hydrogen: in nonpoiar solvent 1,2-diphenylcyclobutene undergoes predominantly cleavage,

hydropyran does "ene" reaction.]l) Our result with 6 is consistent with that with 1,2-diphenylcyclobutene.
Eed

The solvent dependence should await further examination.

Since it is known that reactivities of olefins toward singiet oxygen are correlated to their

nm~ionization potentia]s]z) which are parallel to their V ;éi' with tetracyanoethy]ene,]3) the v ;&E’
values of the stilbene derivatives were determined in methylene chloride: v ;éi' 515 nm (%i)’ 570 nm {39)

and 568 nm (g). The result indicates that both the "ene" and cleavage reactions occurs with Towering
of the rm-ionization potential of the substrate, whereas only "ene" reaction is observed with gg‘having

a higher m-ionization potential.
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