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PHOTOCYCLOREVERSION-REACTION OF A CAGE MOLECULE AND RELATED CYCLOBUTANES
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Summary: Irradiation of l, %, or % in acetonitrile in the presence of cationic sensitizer Z or
8 afforded the cycloreversion product Q, 5 or Q, respectively. A wide range in quantum vields

were found and these were dependent on the substrates and sensitizers.

Recently, photochemical reactions initiated with visible light excitation2 have attracted
considerable attention in connection with the solar energy storage problem. We now report the
induction of photocycloreversion in a cage moltecule ] as well as cyclobutane derivatives 2 and
3, using cationic sensitizers such as pyrylium salts Zg and ZQ, and trityl salts QQ, QQ, Qg,

and 8d. A1l of these have strong absorption in the visible region (Table 1).
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Table 1 Maximum wave length of VIS-spectra and the reduction potential of sensitizers.

Compound ZQ ZR QQ QQ %g QQ
* max (CHsCN) 354, 404 410, 450 405, 433 482 482 618
E {72 (CH,CN, V vs SCE)  -0.32 -0.51 +0.29 -0.14 -0.15 -0.50

When 2-5 ml of an acetonitrile solution of cage molecule 1 or dimer 2 or 3 in the presence
of a small amount (2-3 mg) of sensitizer was irradiated with a 300-W Xenon lamp (3-74 Corning
glass fi]ter)3 at 25°C, the diene 4 or the olefin 5 or 6, respectively, was produced in high
yield {Table 2). The high quantum yield (greater than unity in some cases) strongly suggests

that the process involves a chain reaction.

Table 2  Photosensitized cycloreversion of cage molecule 1

in the presence of sensitizers Zg, ZQ’ Qg, gg, Qg, and %g.

and dimers 2 and 3
4 4"

Compound (E ?;Z)a Sensitizer Reaction Time Chemical Yield Quantum Yie]db qu(M'1)
1 (+1.40) 7a Smin 100% 45 114
L Lavav

1 7 5min 100% 592

] 7 Smin 100% 76

v ny

1 7b Smin 100% 12 116
v LAV AV

1 8a 5min 100% 9®

n, [avav

] 8b 20min 100% 0.5

v latal)

] 8¢ 120min 61% 0.03

") L

1 8d 9000min 86% small

") iy

2 (+1.30) Ta Smin 100% 16 100
2 7b Smin 100% 10 16
v A vav

2 82 £ £ f

2 8b 60min 100% 0.2

n avav

2 8¢ 120min 1% small 75
v VA

3 (+1.92) 2 20min 96% 0.3 6
3 7b 120min 0% 0

aN LAV

3 8a 120min 0% 0

N [avav

3 8b 120min 0% 0

Y R van

3 8¢ 120min 0% 0

ar Vs SCE in CHyCN b: [substrate] = 1.86x1072M, [sens] = 2.51x10™M

c: [substrate] = 2.24x1072M, [sens] = 2.51x10™%M d: [substrate] = 3.75x1072M, [sens] =
2.51x10™M e: [substrate] = 1.86x107°M, [sens] =3.82x10™M

f: Decolorization of sensitizer disturbed the cycloreversion.
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In order to obtain more insight into the reaction mechanism, the quenching of the fluo-
rescence of the sensitizer by ], 2, 3, and some electron donors was studied (Figure 1). The
fact that qu increased and approached a constant value as the oxidation potential of the
substrate decreased strongly suggests an electron transfer mechanism, since according to the
Rehm-Weller equation,4 the value for electron transfer to a given sensitizer (kq) can be con-
sidered to increase linearly and approach the diffusion rate constant as the oxidation po-
tential of the quencher decreases. The electron transfer mechanism is suggested by experiments
in which the cycloreversion of l was efficiently quenched by tetramethoxybenzene (E??z = +0.81

5

V ovs SCE)S, but not by trimethoxybenzene (E??z = +1.49 V vs SCE).” We thus propose the

electron transfer chain mechanism shown in Scheme 1.6’7
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Figure 1 Relationship between the qu values and
the oxidation potentials of substrates.

As would be expected from eq 5), the quantum yield increases when higher concentrations
of liwere used (Table 2). The electron transfer step,eq 3) appears to occur efficiently as is
indicated by the fluorescence quenching and the free energy difference (-23.9 Kcal/mol) calcu-
lated by the Rehm-Weller equation.4 The following two steps,eq 4) and 5),represent the chain
propagation steps. Because the oxidation potentials of l and Q were nearly the same8 and be-
cause the enthalpy change in the release of strain (eq 4) was estimated (MINDO/3)9 to be exo-
thermic by at least 9 Kcal/mol. Thus owing to the efficient electron transfer from l to the
excited sensitizer in the initiation step and subsequent efficient propagation cycle, the photo-
cycloreversion of 1 proceeded to completion, even when an acetonitrile solution of l containing

the pyrylium salt Zg was exposed to sun-light for 20 min on a fine day.
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These results may be rationalized by an electron transfer mechanism as follows. 1) Com-
pound 7b was not a good sensitizer in comparison with {3, although the substrate 1 or 2 quench-
ed the fluorescence with nearly the same efficiency. This may be due to a more rapid back
electron transfer step (eq 6) for ZQ than for Z%, probably in a solvent cage. The difference
in the reduction potential between {2 and b accords with that the back electron transfer is
more exothermic for ZQ than for {a. 2) Considerably different quantum yields were obtained for
sensitizers 8b and 8¢, although both of them have nearly the same reduction potential. This
may be derived from the difference in oxidation potential between 8b (E ??2 >+ 2.00 V vs SCE)
and 8¢ (E ??2 =+ 1.00 V vs SCE}. This would induce the intramolecular electron transfer from
chloride anion to the excited trityl cation. The subsequent recombination of the resulting
radicals, yielding the ground state of sensitizer results in the deactivation of the excited 8¢
(eq 2).
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