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Abstract: Benzocyclobutenols 1 undergo electron-transfer induced electrocycloreversion to generate o-
quinodimethane intermediates E-4 and Z-4, which then tautomerize to benzophenones 2. Evidence for
the intermediates is provided by the frapping experiments and the laser flash photolysis experiments.
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Thermally induced electrocycloreversion of cyclobutenes and benzocyclobutenes is well known and
numerous examples have been rt:portc:d.I’2 On the other hand, the number of examples for the corresponding
reactions of cation radicals is very limited although there has been growing interest in the cation radical
reactions.>—7 Photoinduced electron transfer (PET) is a powerful means whereby such reactions can be
investigated. Indeed, photoexcitation of electron donor-acceptor (EDA) complexes and ET photosensitization
have been employed to probe the reactivity of cyclobutenes and benzocyclobutenes in the cation radical
manifold.” We have investigated the PET reactions of benzocyclobutenols 1la—¢ and found that their
cycloreversion can be promoted by PET.

1,2,4,5-Tetracyanobenzene (TCNB) forms the EDA complexes with 1a and 1b in dichloromethane.
Although their CT-absorption maxima were obscured by the absorption of TCNB tailing up to ca. 340 nm, their
absorption bands had sizable intensities in the wavelength region from 340 to 410 nm, sufficient to carry out
photoexcitation. The photolyses were performed by irradiation (A > 350 nm) using a 2 kW xenon lamp. The
results are summarized in Table 1. [rradiation of a solution of la and TCNB in dichloromethane for 1 h
afforded 2-methylbenzophenone 2a (13%) and compound 3a (25%) with recovery of 1a in 62% yicld (Table 1,
Run 1). Similar photoreaction with 1b resulted in the formation of 2,4,6-trimethylbenzophenone 2b (46%) and
3b (36%) (Run 4). Products 2 were identified by spectral comparison with the authentic samples and the
structure of 3 was determined by the spectral data.®

Photosensitization using 2,6,9,10-tetracyanoanthracene (TeCA) was also found to be effective for the
isomerization of 1 to 2. Benzocyclobutenols 1a—c are relatively good electron donors to quench the
fluorescence of TeCA.® The quenching rate constants were determined to be 9.6 x 109, 1.4 x 10%0, and 6.7 x
109 M1 s in dichloromethane, respectively. The TeCA-sensitized photolyses were also performed in nitrogen-
saturated dichloromethane solution by irradiation using a 2 kW xenon lamp (A > 400 nm). Photoreaction of 1a
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Table 1. Photoinduced electron transfer reactions of 1

Run Substrate  Acceptor Additive Irrad. time  Products (%) Recovery (%)
1 la TCNB  None 1h 2a (13), 3a (25) 62
2 la TCNB  MA (0.06mmol) 1h 2a (7), 6a (10) 83
3 la TCNB  MA (0.6mmol)  3h 2a (11), 6a (22) 55
4 1b TCNB  None 1h 2b (46), 3b (36) 0
5 1b TCNB  MA (0.06 mmol) 1h 2b (12), 6b (10) 57
6 1b TCNB MA (0.6mmol) 1h 2b (13), 6b(16) 43
7 la TeCA None 20 min 2a (99) 0
8 la TeCA  MA (0.1 mmol) 20 min 2a (33), 6a (67) 0
9 1a TeCA MA(1.Ommol) 20min  2a(32), 6a(62) 0

10 1b TeCA  None 20 min 2b (99) 0

11 1b TeCA MA (0.1 mmol) 20 min 2b (40), 6b (43) 0

12 1b TeCA  MA (1.0 mmol) 20 min 2b (47), 6b (34) 0

13 1c TeCA  None 30 min 2¢ (58) 27

14 1c TeCA MA (1.0 mmol) 30 min 2¢ (59) 9

The photolyses were performed by using a 2 kW xenon lamp. For the CT-irradiations, solutions of
1 (0.15 mmol) and TCNB (0.075 mmol) in dichloromethane (3 mi) were used. For the phorosensi-
tizations, solutions of 1 (0.10 mmol) and TeCA (0.002 mmol) in dichloromethane (5 ml) were used.
Yields are based on 'H-NMR (200 MHz) analyses.
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and 1b under the above conditions afforded benzophenone 2a and 2b almost quantitatively (Run 7, 10).
Similar photosensitized reactions of 1¢ also resulted in the isomerization to give 2c in 58% yield with 27%
recovery of 1c¢ (Run 13). Photosensitization using 9,10-dicyanoanthracene was also found to be effective for
conversion of 1 to 2. However, the efficiency, particularly in the case of 1a, was much lower compared to the
TeCA-sensitization. 9-Cyanoanthracene or 9-phenylanthracene did not sensitize the reaction.

These results suggest that the electrocycloreversion of 1 can be promoted by PET. It is conceivable that
cation radicals 1°* in photogenerated ion pairs [1°*, Acc*™] undergo ring opening to give E-4"* and Z-4"* and
then back electron transfer from the acceptor anion radicals (Acc™™) occurs to generate o-quinodimethanes E-4
and Z-4 as precursors to 2. Such intermediates of E and Z configurations are often referred to as “photoenols”
since they can be generated by photolysis of 2-methylphenyl ketone derivatives.!0 While Z-isomers rapidly
isomerize back to the starting ketones, the corresponding tautomerization of E-isomers is much slower and thus
they are long-lived. In this respect, the most likely pathway for the formation of compound 3 is to involve the
[4 + 2] cycloaddition reaction of E-4 with TCNB leading to adducts 5, which is then followed by loss of HCN.

In order to gain insight into the intermediacy of 4, trapping experiments with maleic anhydride (MA) were
examined. Thus, photoimradiation of the 1a— and 1b—TCNB systems in the presence of MA resulted in MA
adducts 6a and 6b instead of 3a and 3b with concomitant formation of 2a and 2b (Run 2, 3, 5, 6). Adducts
6a and 6b could be converted to acid lactones 7all and 7b in refluxing toluene, which establishes their
stereochemistry as cis with respect to the hydroxy and the carbonyl groups. Photosensitization of 1a and 1b
with TeCA in the presence of MA also led to the formation of 6a and 6b with concomitant formation of 2a and
2b (Run 8, 9, 11, 12). In the case of 1¢, no formation of the MA adduct was observed, but ketone 2¢ was
obtained in 59% yield. We presume that this is due to the lower reactivity of E-4¢ toward dienophiles owing to
the expected steric effects of the two extra methyl groups on the exo methyiene.

A preliminary laser flash photolysis experiment with the 1a—TCNB system in dichloromethane provided
additional insight into the reaction mechanism. Pulsed laser excitation (Nd: YAG, 355 nm) of the CT band of
the 1a—TCNB complex generated a transient species absorbing at Amax 395 nm, whose decay profile was
biphasic with fast first-order process (k = 1.2 x 107 s1) followed by much slower first-order process (k = ca.
10% 571).12 ‘We assign the shorter lived transients as being due to Z-4a and the longer lived species to E-4a.
The rate constant of the short-lived species is comparable with the reported value of 2.0 x 107 s’ for Z-4a in
cyclohexane.!3 The decay rate of the long-lived species became faster with increased concentration of the added
MA, which is consistent with the results of the trapping experiment and supports the assignment. The rate
constant (kadd) for the addition of MA to E-4a was evaluated to be 2.2 x 108 M1 s'1 at 25 °C from a plot of the
decay rates vs. the concentration of the added MA. No other transients ascribable to ion pairs or free ions could
be detected in the flash photolysis experiment, suggesting that cation radical 1a’* in a photogenerated ion pair
[La®*, TCNB"~] undergoes fast ring opening followed by back electron transfer before the ionic dissociation.

Judging by the kadd value and assuming a similar rate constant for E-4b, the addition of 0.02 M of MA is
sufficient to trap E-4a and E-4b completely. Indeed, the stereochemistry of 6a and 6b indicates that MA
undergoes endo addition exclusively with the resulting E-4a and E-4b. While no formation of the MA adduct
with Z-4a or Z-4b was observed in the trapping experiments, it is evident that the tautomerization of Z-4a and
Z-4b to the corresponding benzophenones is too fast to be intercepted by MA. If the kaid value of Z-4a is
assumed to be in the order of 106 M1 s°1, an impractically high concentration of MA is required to trap Z-4a in
competition with its tautomerization with k = 1.2 x 107 s’l. Additional work is in progress for further

understanding of the electrocycloreversion of benzocyclobutenols by PET.
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