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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 6m-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.' 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.” We are currently developing the synthesis of a fused
pyridine ring by means of the thermal electrocyclic reaction of an aza 6m-electron system incorporating
one double bond of the aromatic or heteroaromatic moiety.” 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,*” via a construction of a tetrahydrophenanthridine (2) based
on a MW assisted thermal electrocyclic reaction of an aza 6m-electron system (3)*, 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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Scheme 1

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)° was carried out in the presence of PdCL,(PPh,), and NaOMe in MeOH at 70 °C for 1 h
to give cyclohexenylbenzaldehyde (6) (81% yield).” 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.* Subsequent treatment of the aldehyde
(4) with NH,0OMe afforded oxime ether (3) (97% yield) with a 6m-electron system. Oxime ether (3) was
subjected to the thermal electrocyclic reaction at 180°C 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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Table 1. Thermal electrocyclic ring-closure® from 3 to 2

run time (min)  with MW? : yield (%) run time (min)  without MW : yield (%)°
1a 10 43 (53)V 1b 10 37 (60)D
2a 40 83 (7)Y 2b 40 47 (34)9
3a 50 86 3b 50 53 27)9
4a 60 90 4b 60 73 (14)9
5a 70 88 5b 70 85

6a 80 88 6b 80 84

a) heated at 180°C b) 2450 MHz c) isolated yield d) recovered starting material 3

In the final stage, heating of tetrahydrophenanthridine (2) with 10% Pd-C in diphenyl ether in the
presence of diethyl fumarate® provided trispheridine (1) (86% yield). The physical and spectral data of
synthetic trispheridine (1)” were identical with those of natural and synthetic product*”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 6m-electron system provided a highly efficient procedure, which is applicable to other fused

pyridine ring systems.

ACKNOWLEDGEMENT
This work was supported in part by Grants-in Aid for Scientific Research (C) from the Ministry of

Education, Culture, Sports, Science and Technology of Japan.

REFERENCES AND NOTES

1 (a) W. G. Wildman, The Alkaloids, ed. by R. H. F. Manske, Academic Press, 1968, Vol. 11, pp.
307-405. (b) B. R. T. Keene and P. Tissington, Advances in Heterocyclic Chemistry, ed. by A. R.
Katritzky and A. 1. Boulton, Academic Press, 1971, Vol. 13, pp. 316-413. (b) C. Fuganti, The
Alkaloids, ed. by R. H. F. Manske, Academic Press, 1975, Vol. 15, pp. 83-164. (c) S. F. Martin, The
Alkaloids, ed. by A. Brossi, 1987, Vol. 30, pp. 251-376. (d) V. Simanek, The Alkaloids, ed. by A.
Brossi, Academic Press, New York, 1985, Vol. 26, pp. 185-240. (e) M. Suffness and G. A. Cordell,
The Alkaloids, ed. by A. Brossi, Academic Press, New York, 1985, Vol. 25, pp. 178-212. (f) O.
Hoshino, The Alkaloids, ed. by A. Brossi, Academic press, New York, 1998, Vol. 51, pp. 323-424.
(g) T. Ishikawa, Med. Res. Rev., 2001, 21, 61. (h) T. Harayama, Heterocycles, 2005, 65, 697.

2 (a) M. Larhed, C. Moberg, and A. Hallberg, Acc. Chem. Res., 2002, 35, 717. (b) S. K. Das, Synlett,
2004, 915. (¢) J. A. Farand, 1. Demissova, and L. Barriault, Heterocycles, 2004, 62, 735. (d) Y. Xu



20

HETEROCYCLES, Vol. 66, 2005

and Q.-X. Guo, Heterocycles, 2004, 63, 903. (e) K. C. Oliver, Angew. Chem., Int. Ed., 2004, 43, 6250.
(f) J. Westman, Microwave Assisted Organic Synthesis, ed. by J. P. Tierney and P. Lidstrom, CRC
Press, USA & Canada, 2005, Chap. 5, pp. 102-132 and related references cited therein.

(a) S. Hibino and Sugino E., Advances in Nitrogen Heterocycles, ed. by C. J. Moody, JAI Press,
Greenwich, CT, 1995, Vol. 5, pp. 205-227. (b) E. Sugino and S. Hibino, Heterocycles, 1999, 50, 543.
(c) T. Choshi, Yakugaku Zasshi, 2001, 121, 487. (d) T. Kumemura, T. Choshi, A. Hirata, M. Sera, Y.
Takahashi, J. Nobuhiro and S. Hibino, Heterocycles, 2003, 61, 13. (e) N. Kuwabara, H. Hayashi, N.
Hiramatsu, T. Choshi, T. Kumemura, J. Nobuhiro, and S. Hibino, Tetrahedron, 2004, 60, 2943. (f) T.
Kumemura, T. Choshi, A. Hirata, M. Sera, Y. Takahashi, J. Nobuhiro, and S. Hibino, Chem. Pharm.
Bull., 2005, 53, 393.

For isolation: (a) A. D. Vdovin, Kh. A. Kadyrov, M. R. Yugudaev, Kh. B. Allayarov, and A. K.
Nistryan, Khim. Prir. Soedin., 1981, 356. (b) F. M. Dabire and D. A. Murav’eva, Khim. Prir. Soedin.,
1982, 264 (¢) S. Ghosal, K. S. Saini, S. Razdan, and Y. Kumar, J. Chem. Res. (S), 1985, 100. (d) A.
A. Ali, H. M. El Sayed, O. M. Abdallah, and W. Steglich, Phytochemistry, 1986, 25, 2399. (e) R.
Suau, A. I. Gomez, and R. Rico, Phytochemistry, 1990, 29, 1710. (f) F. Vildomat, M. Selles, C.
Codina, and J. Bastida, Planta Med., 1997, 63, 583.

For synthesis: (a) H. Kondo and S. Uyeo, Ber., 1935, 68, 1756. (b) F. Warren and W. G. Wright, J.
Chem. Soc., 1958, 4696. (¢) S. V. Kessar, D. Pal, and M. Singh, Tetrahedron, 1973, 29, 177. (d) S. V.
Kessar, Y. P. Gupta, P. Balakrishnan, K. K. Sawal T. Mohammad, and M. Dutt, J. Org. Chem., 1988,
53, 1708. (e) S. Prabhakar, A. M. Lobo, and R. Tavares, J. Chem. Soc., Chem. Commun., 1978, 884.
(f) A. M. Rosa, S. Prabhakar, and A. M. Lobo, Tetrahedron Lett., 1990, 31, 1881. (g) A. M. Rosa, A.
M. Lobo, P. S. Branco, S. Prabhakar, and A. M. D. L. Pereira, Tetrahedron, 1997, 53, 269. (h) M. G.
Banwell and C. J. Cowden, Aust. J. Chem., 1994, 47, 2235. (i) H.-Q. Yang and J. C. Cai, Youji
Huaxue, 1997, 17, 234. (j) H. W. Shao and J. C. Cai, Chin. Chem. Lett., 1997, 8, 493. (k) T.
Harayama, H. Akamatsu, K. Okamura, T. Miyagoe, T. Akiyama, H. Abe, and Y. Takeuchi, J. Chem.
Soc., Perkin Trans. 1, 2001, 523. (I) M. G. Banwell, D. W. Lupton, X. Ma, J. Renner, and M. O.
Sydnes, Org. Lett., 2004, 6, 2741.

K. Takahashi, J. Takagi, T. Ishiyama, and N. Miyaura, Chem. Lett., 2000, 126.

All new compounds have been supported by the satisfactory physical and spectroscopic data in all
respects.

I. Shimada, K. Maeno, T. Kimizuka, S. Goto, T. Takahashi, A. Nakamura, A. Miyafuji, S.
Tsukamoto, and S. Sakamoto, Heterocycles, 2004, 62, 807.

Synthetic trispheridine, mp 138-140°C (n-hexane) (lit.,** mp 132-134°C, lit.,* 130-132°C, lit.,** mp
138-139°C, lit.,”" mp 144.5-145°C, lit.,” mp 142.5-144°C). '"H-NMR (300 MHz, CDCl,) &: 6.17 (2H,
s), 7.34 (1H, s), 7.63 (1H, ddd, J=1.5, 6.9, 8.1 Hz), 7.70 (1H, ddd, J=1.5, 6.9, 8.1 Hz), 7.91 (1H, s),
8.14 (1H, dd, J=1.5, 8.1 Hz), 8.37 (1H, dd, J=1.5, 8.1Hz), 9.10 (1H, s). "C-NMR (75 MHz, CDCl,)
0: 151.7, 151.5, 148.2, 143.9, 130.3, 129.9, 128.0, 126.7, 124.3, 123.0, 122.0, 105.5, 101.9, 99.9.



