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PHOTO-INDUCED CYCLODIMERIZATION OF ELECTRON-RICH AROMATIC OLEFINS
IN THE PRESENCE OF TRANSITION METAL COMPLEXES
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Irradiation of an acetonitrile solution of phenyl vinyl ether in the
presence of various metal complexes[Fe(IIIl) and Mn(II) complexes] gave two
cyclodimers. Similar irradiation of 1,l1-dimethylindene and 1,1-diphenyl-
ethylene afforded the corresponding cyclodimers. In these photodimeri-
zation, the metal complexes with ligands such as 2,2'-bipyridine and 1,-
l10-phenanthroline served as catalysts for electron-transfer reaction.

N-Heteroaromatic olefins such as N-vinylcarbazole and its derivatives are known to
undergo cyclodimerization via their cation radicals produced by oxidation with metal ions
in the dark.l) 2)
However, such a reaction of electron-rich aromatic olefins has little been reported.3)

This reaction can be achieved photochemically by use of Cu(Il) ion.

We now wish to report the photo-induced cyclodimerization of electron-rich aromatic
olefins such as phenyl vinyl ether(l), 1,l-dimethylindene(3), and 1,1-diphenylethylene
(5) in the presence of transition metal complexes. In this photoreaction, the metal
complexes serve as catalysts for electron-transfer reaction.

Irradiation of an acetonitrile solution containing 1 and FeI[[(bpy)3(ClO4)3 through
Pyrex with a 300W high-pressure mercury arc for 40 h under argon gave (2+2) cyclodimers,
2a and 2b, approximately in a 1:1 ratio.4) Similarly, irradiation of 3 or 5 in the
presence of FeIlI(bpy)3 afforded cyclodimers, 4 and 6, respectively.3’5) These products
were isolated by a column chromatography on silica gel.

Relative yields of the dimers 2a-b obtained by the use of various metal complexes
were determined by GLC analyses. The results are shown in Table 1. The metal complexes
with neutral, electron-accepting ligands such as 2,2'-bipyridine (bpy) and 1,10-
phenanthroline (phen) are effective, but those with anionic, electron-donating ligands
such as acetylacetonato(acac) and tetraphenylporphinato (TPP) were ineffective as catalysts.

A pale green solution of FeIII(bpy)3 complex was gradually reduced to a wine red
solution of Fen(bpy)3complex in the dark after 1 was added to the former. Fig. 1
shows the change in absorption spectrum of the reaction mixture during this dark reaction:
the Fe(II) complex was reduced to the Fe(II) complex, exhibiting an isosbestic point at
600 nm. In the dark, however, cyclodimerization of‘i’ scarcely occurred. In
addition, the photo-induced dimerization of‘&/in the presence of FeI]I(bpy)3 was
efficiently quenched by the addition of 1,4-dimethoxybenzene which has a lower oxidation
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Table 1. Relative yields in the metal-complex-catalyzed photocyclodimerization of la)
2etal @ Metal @ Metal @
omplex rel Complex rel Complex rel
(bpy)3(ClO4)3 1.0 mn ™ (bpy) 5 (c10,), 0.65 re™ (acac) , 0
(bpy)3(C104)3 0.07°) (phen) 5 (C10,),  2.37 FeCl, <0.01%)
(bpy) (C104)2 0.08 I[[(acaxc)3 < 0.01 Fe (NO,) 5 <0.01
Fe (phen)3(ClO4)3 1.30 (TPP)Cl <0.01

a) An acetonitrile solution(5 ml) containing 1(5 x 10-4 mol) and metal complex (5 x 10-6

mol) was irradiated. b) 1n the dark. c) A Complex mixture was obtained.3:6)

These results can be explained in terms of the mechanism shown in Scheme 1. The
mechanism involves one electron-transfer from 1 to FeIE(bpy)3, leading to the cation
radical of‘i(Dt) and Fen(bpy)3 in the dark(step 1). The cation radical adds to another
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Scheme 1 [D]: Electron-rich aromatic olefin °
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1 to produce the dimer cation radical(DE)(step 2).

Finally, the electron-transfer from photo-excited (nm)
H(bpy)3 to Dg results in the formation of cyclo-

butanes, gg:p(step 3). Since the dimerization in the

Fig. 1. Spectral change of an
acetonitrile solution(4 ml)

dark is less effective than the photodimerization in containing FeDI(bpy)3(5 x10-4
the presence of Fe (bpy)3, the cha12b€rocess(step4) M) and’£(1 % 10-2 M) .
proposed by Farid for 1 is unlikely.

It should be noted here that the dimerization of 1 can little be achieved by
oxidation with Fe(II) chloride or nitrate in the dark and even photochemically. 6) For

the photodimerization of electron-rich aromatic olefins, the presence of high-valent
metal complexes with electron-withdrawing ligands and photons are essential: the metal
complexes serve as a sensitizer for electron-transfer reaction although their detailed
function is different from that of organic acceptors such as aromatic nitriles.4)
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