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Abstract—A highly efficient synthesis of a phenanthridine alkaloid, trispheridine 
(1) has been achieved in a 74% overall yield in a four-step sequence. The key 

step is the construction of a tetrahydrophenanthridine based on a microwave 
-assisted thermal electrocyclic reaction of an aza 6π-electron system including 

the benzene double bond. 

 
 
The development of a more convenient and efficient synthetic route to phenanthridine and 

benzo[c]phenanthridine alkaloids is still being continued due to the broad range of potent 
pharmacological activities.1 On the other hand, it has been well known that microwave (MW) irradiation 
provides unique chemical processes with special attributes such as enhanced reaction rates, higher yields, 

greater selectivity and ease of manipulation.2 We are currently developing the synthesis of a fused 
pyridine ring by means of the thermal electrocyclic reaction of an aza 6π-electron system incorporating 

one double bond of the aromatic or heteroaromatic moiety.3 We here describe a highly efficient and 

convenient synthetic route to phenanthridine alkaloid, trispheridine (1), which has been found in a 
member of the Amaryllidaceae plant family,4,5 via a construction of a tetrahydrophenanthridine (2) based 
on a MW assisted thermal electrocyclic reaction of an aza 6π-electron system (3)3f, derived from a 

disconnection at N-2 and C-3 of the isoquinoline part, as depicted in a retro-synthetic analysis (Scheme 
1). 
                                           
†This paper is dedicated to the memory of Dr. Kenji Koga, Emeritus Professor of Tokyo University.
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For the synthesis of a key compound, tetrahydrophenanthridine (2), a 4,5-methylenedioxy-2- 
cyclohexenylbenzaldoxime methyl ether (3) as a precursor of 2 was prepared as follows (Scheme 2). 

Suzuki-Miyaura reaction of a readily available 2-bromopiperonal (4) with cyclohexenylboronic acid 
pinacol ester (5)6 was carried out in the presence of PdCl2(PPh3)2 and NaOMe in MeOH at 70 oC for 1 h 
to give cyclohexenylbenzaldehyde (6) (81% yield).7 In addition, this reaction was also attempted with 

MW irradiation for 5 min to produce the cyclohexenylbenzaldehyde (6) in a 99% yield. The effect of 
MW irradiation was reflected in the yield and the reaction rate.2e Subsequent treatment of the aldehyde 
(4) with NH2OMe afforded oxime ether (3) (97% yield) with a 6π-electron system. Oxime ether (3) was 

subjected to the thermal electrocyclic reaction at 180oC in 1,2-dichlorobenzene under both the MW 
assisted and conventional conditions. As shown in Table 1 run 3a and 4a with MW irradiation for 50-60 
min provided excellent yields of 2 (86 and 90%, respectively). In contrast, although the yields of (2) with 

the conventional conditions (run 1b to run 4b) were gradually increased, the substrate 3 (14%) in run 4b 
still remained unchanged. In run 5b for 70 min, the substrate (3) disappeared and the yield reached 85%. 
Thus, it was found that the yield and the reaction rate of this type of thermal electrocyclic reaction were 

promoted by the MW irradiation. 
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In the final stage, heating of tetrahydrophenanthridine (2) with 10% Pd-C in diphenyl ether in the 

presence of diethyl fumarate8 provided trispheridine (1) (86% yield). The physical and spectral data of 
synthetic trispheridine (1)9 were identical with those of natural and synthetic product4,5 in all respects. 
In conclusion, a new total synthesis of trispheridine (1) has been established in a 74% overall yield in a 

four-step sequence. It was demonstrated that the MW irradiation of the thermal electrocyclic reaction of 
this aza 6π-electron system provided a highly efficient procedure, which is applicable to other fused 

pyridine ring systems. 
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