
HETEROCYCLES, Vol. 59, No. 1, 2003, pp. 67-70, Received, 3rd July, 2002

INTERMOLECULAR PHOTOREACTION OF 　　　　

BENZENECARBOTHIOAMIDE WITH ββββ-IONONE#,1

 

Kazuaki Oda,* Rikiji Nakagami, Michiko Haneda, Naozumi Nishizono, and

Minoru Machida*

Faculty of Pharmaceutical Sciences, Health Sciences University of Hokkaido,

Ishikari-Tobetsu, Hokkaido 061-0293, Japan.

E-mail: k-oda@hoku-iryo-u.ac.jp

Abstract - Irradiation of benzenecarbothioamide with β-ionone in benzene

gives 1,5,6,7,8,8a-hexahydroquinoline derivative in moderate yield.

In a previous paper, we reported that arenecarbothioamides undergo the Paterno-Büchi type

reaction with diene conjugated carbonyl compounds to give 2-arylpyridines, 2,6-diarylpyridines,

and benzofused pyridines.2 As an extension of this photoreaction, irradiation of

arenecarbothioamide with β-ionone, diene conjugated carbonyl compound, was performed.

Although intramolecular photoreaction of β-ionone has been extensively studied,3 few reports

have dealt with the intermolecular photoreaction of β-ionone.

In the photoreaction of benzenecarbothioamide (1) with β-ionone (2a) in benzene, 1,5,6,7,8,8a-

hexahydroquinoline derivative (3) was obtained in 26 % yield as sole product.4 Furthermore,

photoreaction  of 1 with 4-cyclohex-1-enylbut-3-en-2-one (2b),  β-ionone analog (no possessing       

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

# This paper is dedicated to Emeritus Professor Yuichi Kanaoka, Hokkaido University, on the

occasion of the 75th birthday.



three methyl substituents), was performed under similar conditions. An unexpected tetracyclic

indole derivative (4) was obtained in 34 % yield.5

Structure of 1,5,6,7,8,8a-hexahydroquinoline derivative (3) was assigned on the basis of the

spectral data and elemental analysis. MS spectrum of 3 showed the molecular ion peak at M+　295,

which suggested a molecule generated by loss of hydrogen sulfide from the adduct of 1 and 2a. In

the IR spectrum of 3, the absorptions of an NH and a carbonyl group appeared at 3240 and 1680

cm-1, respectively. Further, 1H-NMR, 1H-1H COSY, 13C-NMR, DEPT, and 1H-13C COSY

experiments suggested the presence of the partial structures as illustrated in Figure 1. The entire

structure of 3 was determined by the analysis of the HMBC (1H detected heteronuclear multiple

bond connectivity) correlation.

As shown in Scheme 1, the reaction (1 + 2a → 3) seems to proceed in several steps involving

initial thietane (5a) formation between the thiocarbonyl and α,β-double bond of 2a, leading to the

key intermediate penta-2,4-dienylideneamine derivative (6), which subsequently cyclizes to the

1,5,6,7,8,8a-hexahydroquinoline derivative (3) by 6π-electrocyclization. Such a 6π-electro-

cyclization reaction was already observed in the intramolecular photocyclization of β-ionone

(Scheme 1).3

In the case of 4-cyclohex-1-enylbut-3-en-2-one (2b), the reaction seems to proceed via

phenylbutadiene intermediate (7)6 which arises from the initially formed thietane (5b), leading to



tetracyclic indole derivative (4).

As for the formation of 3, the C-S bond formation in the first step occurred at β-position of

carbonyl group in 2a, whereas for 4 the formation occurred at α-position in 2b (no possessing

three methyl substituents). Further, the fission of the resulting thietane ring was affected by the

mode of thietane formation (head to head or head to tail orientation), leading to conjugated diene

intermediates of two types (6 and 7). Thus, the difference of a reacting site in α,β-double bond

seems to reflect the steric and/or electrical requirements of α,β-unsaturated carbonyl compounds.

However, no clear evidence is available at this time to be capable of an explanation for the

difference.

This result shows an example of the remarkable difference in the photochemical behavior between

β-ionone (2a) and 4-cyclohex-1-enylbut-3-en-2-one (2b). In addition, this reaction seems to be

first example of photochemical 6π-electrocyclization reaction of aliphatic diene conjugated imine

such as penta-2,4-dienylideneamine derivative (6).7 A detailed study on further synthetic

application and the reaction pathway of this reaction is in progress.

ACKNOWLEDGEMENTS  

This work was supported in part by Grant-in-Aid for High Technology Research Programs from

the Ministry of Education, Culture, Sports, Science and Technology in Japan. We are grateful to

Center for Instrumental Analysis, Hokkaido University for measurement of HRMS spectrum and

elemental analysis

REFERENCES

1. Photochemistry of the Nitrogen-Thiocarbonyl Systems. Part 38. Part 37: K. Oda, H. Tsujita,

and M. Machida, Heterocycles, 2002, 57, 1587.

2. K. Oda, R. Nakagami, N. Nishizono, and M. Machida, Chem. Commun., 1999, 2371.

3. G. Büchi and N. C. Yang, J. Am. Chem. Soc., 1957, 79, 2318; R. P. Gandhi, S. Kumar, R. C.

Aryan, and M. P. S. Ishar, Synth. Commun.,  1989, 19, 1759; M. P. S. Ishar, R. Singh, K.

 Kumar, G. Singh, D. Velmurugan, A. S. Pandi, S. S. S. Raj, and H. K. Fun, J. Org. Chem.,

2002, 67, 2234 and references cited therein.

4. Irradiation of thioamide (1) with β-ionone (2a).

A mixture of 1 (0.69 g, 5 mmol) and 2a (2.88 g, 15 mmol) in benzene (200 mL) was irradiated

for 20 h with a 1 kW high pressure mercury lamp through a Pyrex filter under N2. After

removal of the solvent in vacuo, the residue was chromatographed over a silica gel column

(hexane–ethyl acetate, 3 : 1; v/v). Photoproduct (3) was obtained in 26 % yield as sole product.
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