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Most monocyclic troponoids are known to undergo the photochemical rearrangement to bicycloa 

[3,2,0] hepta-3,6-dien-2-one derivatives (l), while tropone and 2-chlorotropone afford the 

dimeric products (2), and such photochemical products usually revert to original troponoids 

upon heating at high temperatures. However, we have found that the irradiation products (B) 

obtained from some of 2,5-disubstituted troponoids (A), unlike in the cases of 2,3- or 

2,4_disubstituted troponoids, reverted in the dark back to original troponoids (A) even at 

lower than room temperature (3). A brief account of these interesting photochemical and 

thermal reactions are presented herein (4). 

(A) (B) (C> 

Cyclohexane solution of 5-phenyltropolone (I,A: X=OH, Y=Ph), set in a quartz Dewer vessel 

with transparent windows in three directions, was irradiated using a 500 W high pressure 

mercury arc lamp or a 500 W xenon lamp fitted with a cut-off filter. Fxposure for 2 minutes to 

ultraviolet light of longer wavelengths than 290 nm at 16.5" resulted in a rapid decrease of 

the intensity of its absorption maxima, which gradually recovered in the dark to reach the same 

intensity with the original one as shown in Fig. 1. 
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Fig. 1. Change of W spectra of I 

IR spectra showed that the photoproduct (II, B: X=OH, Y=Ph) has a strong absorption at 

1718 cm -' (cyclopentenone) and no band due to tropolone ring. Solution of the photoproduct can 

be kept at -45" without any change for a sufficiently long time, and concentrated solutions, 

which are necessary to measure NMF spectra, can be irradiated using specially designed quartz 

vessel which permit the solution to descend continuously in a thin film, thus preventing 

over-irradiation. NMR spectrum in CDC13 at -45' exhibited four doublets at7:=2.19(Hq), 

2.93@6), 3.45(H7) and 3.77(H3) with J34=6.3 and J67 =3.4 Hz, in addition to the signal due to 

a phenyl group. Comparison of these spectra with the irradiation products of tropolone methyl 

ethers (5). left no doubt for the structure B (X=OH, Y=Ph) for II. The reverse thermal 

reaction (11-I) described above can also be traced by IR or NMR spectra in which the 

absorptions due to II gradually decreased while those due to I increased. The change of the 

carbonyl region in IR spectrum of II is presented in Fig. 2. 

The rate of this reaction, that is, the stability of II depends remarkably on the solvent 

used; the higher the polarity of the solvents, the smaller the rate constants. Activation 

energy of the reaction is 17, 17 and 21, kcal/mol in n-hexane, carbon tetrachloride and 

acetonitrile, respectively. Although oxygen and moisture have no effect on the rate, pH in 

aqueous solution shows a pronounced effect; the reaction may be so fast in the presence of 

caustic alkali that the photoisomerization (I-11) can not virtually be observed. 

These isomerization reactions have been extended to various 2,5_dlsubstituted troponoids 

(6) in order to investigate the substituent effect of the reactions. It was deduced by 

comparison of their WV and IR spectra, the isomerization of the most other troponoids examined 

occurs in a similar manner as in the case of I. All the compounds, which show the easy reverse 
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Fig. 2. Change of IR spectra (&co region) of I 

isomerization (HA), are shown in the Table 1 in order of the easiness of the reaction. 

Table 1. Easiness of the reverse reaction (HA) 

- - -r 

Compounds (A) X Y M.P. 
-- 

Z-Methylamino-5-cyano- NHCH3 CN 199" 
tropone 

2-Amino-5-cyanotropone 
NH2 

CN 

2-Methylamino-5-carboxy- 
tropone 

NHCH3 COOH 297O 

2-Methylamino-5-methoxy- 176" 
carbonyltropone 

NHCH3 COOCH3 

2-Amino-5-phenyltropone 
bH2 'gH5 

5-Formyltropolone OH CHO 

5-Phenyltropolone OH 
'gH5 

5-Cyanotropolone OH CN 

5-Carboxytropolone OH COOH 

5-Methoxycarbonyltropolone OH COOCH3 

*Temperature at which 50% of photoisomers in methanol were disappeared 
during 2 minutes. The other compounds were measured in n-hexane. 

Temp. 

-750* 

-5oo* 

-44"* 

-330* 

R.T. 

F.T. 

R.T. 

R.T. 

P.T. 

F.T. 

Tropolone and 2-aminotropones having the electron-withdrawal groups such as CN, COOH, 

COOCH3, CHO and phenyl group at 5-position easily undergo the reverse reaction (m), the 

order of the easiness being roughly CN>COOH> COOMe) Phenyl. Aminotropones, especially 

2-methylaminotropones react faster than the corresponding tropolones, and most of the 

methylaminotropone derivatives (shown in Table 1) appears at a glance to be resistant to the 

photoisomerization at room temperature. No reverse isomerization was detected for tropolone 
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with nitro, nitroso, arylazo or styryl group at 5-position at -80" to room temperature. 

Although Z-methylamino-5-methoxycarbonyltroponimine (C: X=NCH3), m.p. 85", and 2- 

methylamino-5-methoxycarbonyltropothione (C: X=S), m.p. US', undergo photochemical reactions, 

reverse thermal reactions were not observed at room temperature. On the other hand, 2-methoxy- 

and 2-dimethylamino-5-cyanotropones behave considerably differently upon irradiation both at 

room temperature and lower temperatures. 

Further studies related to these reactions are in progress and details will be published 

elsewhere in near future. 
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